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Effects of Various Radiant Sources on Plant Growth (Part 1) 
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—Abstract. 

In Part 1 of this report, we introduced fundamental aspects of the use of artificial light in horticulture, giving an outline of a number of different artificial light 
sources and discussing recent research trends(such as the use of microwave-powered lamps, light-emitting diode and laser diode devices) in Japan. 

Discipline: Agricultural facilities/Crop production/Horticulture 

Additional key words: artificial light source, supplemental lighting, plant factory 

® 1...32): References 

(Received for publication, December 18, 1998) 

—Introduction. 

Most terrestrial plants grow by selective absorption of natural light from the sun. In plant factories and indoor living spaces, artificial light is necessary as a 
source of light energy. Therefore, it is necessary to develop technologies to control the light environment and provide effective and economical irradiation for 
plants. Part 1 of this report covers basic issues related to plant growth and light. 

—Wavelengths for effective plant growth. 

Solar radiation is subject to extensive scattering and absorption by the atmosphere before it reaches the surface of the earth. Direct solar radiation has 
wavelengths ranging from 300 to 3,000 nm, and is divided into 3 bands: ultraviolet radiation, visible radiation and infrared radiation. The wavelengths of visible 
radiation for humans are in the range from 380 to 780 nm, and the peak of the visibility curve(photopic vision) is at 555 nm. Similarly, plants have a range of 
wavelengths that are physiologically effective. There are 2 types of effective radiation for plants: physiologically active radiation and photosynthetically active 
radiation(PAR). These 2 types of radiation, ranging from 300 to 800 nm, are physiologically effective in photosynthesis, pigment biosynthesis, photoperiodism, 
phototropism and photomorphogenesis8). 

Physiologically active radiation is divided into 5 wavebands: near ultraviolet light(UV)300-400 nm, blue light(B)400-500 nm, green light(G)500-600 nm, red 
light(R)600-700 nm, and far-red light(FR)700-800 nm (Fig. 1(20KB)) . Photosynthesis, which uses PAR(waveband 400 to 700 nm), requires an energy source 
with high intensity. The units of PAR radiation are expressed as total photon fluxes in this waveband, since this radiation induces chemical reactions. The total 
energy emitted from the light source is designated as photosynthetic photon flux(PPF). On the other hand, the energy actually received by plants is designated as 
photosynthetic photon flux density(PPFD), and its S. I. units are expressed as 'Amolem^esec 1 . Although quantum sensors are preferable for measuring the 
photon flux, because of their high cost, radiation is often measured by PPFD with conversion factors for illuminance. 
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—Light intensity suitable for photosynthesis. 

Light intensity suitable for photosynthesis depends on the light adaptation and acclimation properties of the plants, which in turn depend on the environment of 
their place of origin. The effect of the light intensity can be estimated to some extent by changes in morphology. Generally, plants which grow in the shade or at 
low light intensities (shade plants) have large, and t hin leaves. Inside their leaves, parenchymatous cells do not adequately develop, resulting in an increase of 
the development of the grana structure and of the chlorophyll content in chloroplasts. The same morphological changes also occur with exposure to red light. On 
the other hand, plants which grow at high light intensities (sun plants) have thick leaves. Inside their leaves, parenchymatous cells are remarkably developed, 
resulting in a lower development of the grana structure. However, many enzymes important for photosynthesis can be observed. The same morphological 
changes occur with exposure to blue light. These differences in the morphology can also be observed in a single plant. Leaves that grow at low light intensities 
are referred to as shade leaves, and leaves that grow at high light intensities are referred to as sun leaves. Accordingly, leaves in the upper and lower parts of 
trees have different photosynthetic capabilities^. Morphological adaptation through changes of the light environment is related to the speed of photosynthesis. 
Plants growing at high light intensities (for example, watermelons, tomatoes, cucumbers, melons and C 4 plants)have high saturation points, and they show a 
maximum photosynthetic rate at the light saturation point. Therefore, a large amount of light energy is required to cultivate plants that grow better at high light 
intensities. Fig.2 (21KB) was obtained by measuring the absorption and release of carbon dioxide during photosynthesis, and indicates the light adaption 
capability for photosynthesis. When the light intensity is low, the amount of carbon dioxide released by plant respiration is higher than the amount of that 
absorbed for photosynthesis, resulting in a net release of carbon dioxide. As the light intensity increases, absorbed and released amounts of carbon dioxide 
change and reach an equilibrium at point A where a net release of carbon dioxide is no longer observed. This point is referred to as the compensation point. If the 
light intensity increases further, the amount absorbed reaches point B. This point is the saturation point. A suitable light intensity can be determined somewhere 
between these points A and B according to the particular requirements. On the other hand, since plants that grow under a low light energy (for example, lettuce, 
Cryptotaenia japonica, herbage crops, and most of the indoor ornamental plants) have low saturation and compensation points, it is relatively easy to cultivate 
them, to provide them with supplemental lighting and to maintain growth with artificial lighting. Table 1 (77KB) shows the saturation and compensation points of 
major crops, and Table 2 (109KB) shows the saturation and compensation points of ornamental plants. Indoor ornamental plants, most of which are derived from 
jungle undergrowth, can maintain growth at a relatively low light intensity. 

In cultivation facilities for plants utilized for salad, and lettuce in closed-system type plant factories in Japan, a light intensity of about 300 to 400 '/imolern -2 
esec -1 is used. Factories where a higher light intensity is needed are hybrid type plant factories where supplemental lighting of 100 to 150 ‘Amolem^esec 1 is 
provided. For indoor ornamental plants, supplemental lighting of 10 to 50 ‘Amolem^esec -1 , depending on the variety, has been gradually employed. 

—Photosynthesis action spectrum. 

The efficiency of plant photosynthesis is not the same throughout the 400 to 700 nm waveband. Just as human eyes have visual curves, plants have sensitivity 
curves over a wide range. Plants select effective wavelengths from white light and utilize them. Fig. 3 (21KB) shows the photosynthesis action spectra described 
by Inada(1976)7). Curve 1 shows the average values for 26 species of herbaceous plants, and curve 2 shows the average values for arboreous plants. Fig. 

4(21KB) shows the photosynthesis action spectra described by McCree(1972)14). Curve 1 shows the average values for 20 species of plants in chambers, and 
curve 2 shows the average values for 8 species of plants in fields. The sample plants used are listed in Table 3 . Each of these 4 photosynthesis action spectra has 
a large peak composed of 2 peaks at about 675 and 625 nm in the red light region, and a small peak between 440 and 450 nm. All 4 photosynthesis action 
spectra show that red light has a strong action and blue light a weak action. Fig. 5 (18KB) shows the average values for the 4 photosynthesis action spectra, and is 
used to evaluate light sources for plant growth. 

Table 3. Plant materials used for the determination of photosynthesis action spectra 


Plants Species 
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Inada 1 . (26 species of 
herbaceous plants, 

1976) 

rice, maize, wheat, barley, oat, soybean, peanut, kidney, bean, pea, cabbage, turnip, radish, tomato, eggplant, cucumber, squash, 
lettuce, garland, chrysanthemum, spinach, onion, sugar beet, sweet potato, perilla, buckwheat, strawberry 

India 2. (7 species of arboreous plants, 

1976) 

peach, Japanese pear, grape, satsuma mandarin, tea, Japanese black pine, ginkgo 

McCree 1 . (20 species tested in chamber, 

1972) 

Maize, sorghum, wheat, oat, barley, secalotricum, sunflower, soybean, tampala, peanut, lettuce, tomato, radish, cabbage, cucumber, 
oriental melon, squash, clover, sugar beet, castor-oil plant 

McCree 2. (8 species tested in field, 1972) 

Maize, wheat, oat, secalotricum, rice, sunflower, squash, cotton 


—Photomorphogenesis. 

Light acts on plant morphogenesis, including germination, flowering, stem growth, and leaf opening. Light is also a source of stimuli or information in different 
ways depending on the plant species and the stage of growth. In general, light with blue, red, and far-red components acts on plants. Table 4 (57KB) shows the 
action of each range of wavelengths31). 

Among these actions, the red and far-red reversible reaction of phytochrome (a photoreceptor involved in seed germination) is particularly well known. In the 
reaction, the promotive effect of germination by red light(660 nm) irradiation is cancelled out by far-red light(730 nm) irradiation. That is, the effect of the 
previously irradiated light appears when red and far-red light is irradiated alternately. High intensity blue light and low intensity red light induce strong control 
of intemodal growth. It is well known that with combined irradiation, far-red light is necessary, and that the ratio of red to far-red light controls intemodal 
growthl2,15,17). In addition, blue or high energy light promotes the growth of sun leaves, and red or low energy light promotes the growth of shade leaves. 
Daylength controls flowerbud formation (photoperiod). Plants are generally divided by daylength into 3 groups in which flowerbud formation is differentiated 
by specific daytime length: short-day plants, long-day plants, and intermediate-day plants. In flowerbud formation, light acts as a stimulus, with red light, far-red 
light or blue light being particularly effective, depending on the plant species. Besides photomorphogenesis, blue light with a wavelength of 500 nm or less acts 
phototropically, and blue light also acts on stomatal movement. 

—Artificial light sources for plant growth. 

The artificial light sources shown in Fig. 6 (40KB) can be divided into 2 systems: thermal radiation and luminescence. Among these light sources, 6 light sources 
which are actually used for plant growth are incandescent lamps, high pressure mercury fluorescent lamps, self-ballasted mercury lamps, metal halide lamps, 
high pressure sodium lamps and fluorescent lamps. Also, xenon lamps and low pressure sodium lamps are used for research. Fig. 7 (5 6KB) shows the energy 
spectrum of each lamp, and Table 5 (73KB) shows the radiant energy balance and reduced values of PPFD per 1,000 lx in the 400 to 700 nm waveband. 

1) Incandescent lamps (IL) 

Incandescent lamps radiate visible light by thermal radiation generated from tungsten filaments heated to a high temperature by an electric current. The energy 
distribution is continuous, but the intensity of red light is higher than that of blue light, which possibly leads to intercalary plant growth. Therefore, these lamps 
are not suitable for photosynthesis. Furthermore, since they have a low light conversion efficiency of around 10 lm/W, as well as high thermal radiation, they are 
not used for the cultivation of plants. These lamps are used mainly to control photomorphogenesis, and for example, in some factories they are used to control 
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the flowering of chrysanthemums under low light intensities, to prevent dormancy of strawberries and to promote germination. 

2) Fluorescent lamps (FL) 

Fluorescent lamps are low-pressure mercury vapor discharge lamps with a hot cathode. Ultraviolet light generated by the discharge is transduced to visible light 
by phosphor coating on the inside of a glass tube. These lamps easily provide the required radiant energy by use of an appropriately selected phosphor, but 
cannot provide sufficiently high energy light on their own for cultivation. These lamps are often used to grow seedlings in plant factories. Fluorescent lamps for 
plants are used not only as supplemental lighting for ornamental plants in flower shops but also for tissue culture, especially for plant growth. In addition, a plant 
factory system has recently been developed, in which an average value of 650 Vteiolem^esec' 1 can be achieved by employing a total lamp system where a 110 
W 3-band fluorescent lamp irradiates cultivated plants at a distance of 30 cm6). Furthermore, the compact fluorescent lamp has become popular, and is able to 
provide local supplemental lighting to indoor ornamental plants by recessed lights. 

3) High pressure mercury fluorescent lamps (HPMVL, phosphor-coated type) 

HPMVLs are based on the principle that the luminous efficiency of sources is enhanced when the vapor pressure of mercury is increased. These lamps are the 
most stable lamps, and have been used for many years to grow plants. They provide light composed mainly of the radiation line spectrum of mercury, that is, the 
light lacks the red light component. These lamps therefore enable to control plant growth. To compensate for the lack of red light, a phosphor lamp which 
provides red light was developed. The efficiency of this lamp is around 60 lm/W. It has been used for many years in foreign countries to provide supplemental 
lighting and lengthening of daytime. Two types of lamps are available: a clear bulb type and a phosphor-coated type. The phosphor-coated type is a type of 
fluorescent lamp. The phosphor-coated type is further classified into 2 types: the X type for general use, and the XW type, which compensates for the missing 
red light component. The range of this lamp is from 50 to 2,000 W. Regarding the outer bulb shape of this lamp, a BT type and an R type are available. 

4) Self-ballasted mercury lamps (SBML) 

In SBMLs, the arc tube is connected in series to the tungsten filament as a ballast. These lamps compensate for the red light component, which high pressure 
mercury vapor lamps lack. They provide a good spectral distribution, but since the efficiency is as low as 20 to 27 lm/W, they are used as supplemental lighting 
for ornamental plants. For plants, lamps where the input ratio of the arc tube of mercury lamps to that of the tungsten filament is adjusted are also available. Two 
types of outer bulbs are available: a clear bulb type and a fluorescent type. A BT type and an R type for the outer bulb form of this lamp are available. The lamps 
can be selected in the range from 100 to 750 W. 

5) Metal halide lamps(MHL) 

The structure of metal halide lamps is based on that of mercury lamps, but they contain various halide additives. There is a wide selection available, including 
lamps mainly with line spectra and lamps mainly with continuous spectra. The efficiency of MHLs is around 100 lm/W, and they provide light with a reduced 
red light component above 600 nm. Therefore they are used in plant factories in combination with high pressure sodium lamps. MHLs on their own are used for 
supplemental lighting in greenhouses, and high color rendition type MHLs which provide light with a spectrum distribution similar to that of natural daylight are 
used in hybrid type plants factories and growth chambers. Recently, high color rendering index types(70 to 150 W) have gradually been used for supplemental 
lighting and display lighting for indoor ornamental plants20). Murakami et al,18)carried out research on high color rendering MHLs containing Dy, Nd, Cs, In, 
Tl, and Na for use in horticulture. Two types of these lamps are available: a high efficiency lamp with a built-in starter and a high color rendition type. BT, T and 
R types (only for high color rendition lamps) for outer bulb shapes are available. The lamps can be selected in the range from 70 W and 2,000 W. Typical 
additives are as follows: indium(blue light), thallium(green light), sodium(yellow light), and lithium(red light). 

6) High pressure sodium lamps(HPSL) 

HPSLs use alumina ceramic for the arc tube, and in the arc tube, sodium and mercury from an amalgam acting as a buffer gas are enclosed. Neon-argon penning 
gas is also sealed in the arc tube to help starting. The efficiency of some of these lamps exceeds 150 lm/W. Since they have a large red light component which 
can cause intercalary growth, they are used with metal halide lamps which provide compensating blue light. These lamps are used on their own to cultivate 
herbage crops with green leaves. These lamps are used solely in hybrid type plants factories. Three types are available: a high efficiency type with a built-in 
starter, an improved color type with a built-in starter, and a high color rendition type. BT type, T type and R type for outer bulb shapes are available. The lamps 
can be selected in the range from 50 to 940 W. A lamp in which the lack of blue light component is compensated by the addition of sealed mercury has recently 
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been developed for plants. Inagaki et al. 10 )developed a high pressure sodium lamp with an output of 1.2 kW and an efficiency of 180 lm/W. Xenon, an inert gas 
for starter assistance, was sealed in the double-end type lamp at nearly three times the normal pressure. 

7) Research trends 

(a) Electrodeless discharge lamps(Microwave-powered lamps) 

There are several designs of electrodeless discharge lamps depending on the method of illumination, with the microwave-powered lamp being the most 
promising future development for use in horticulture. Until now, microwave-powered lamps have solely been used for ultraviolet curing in photoengraving 
processes. Research is currently being conducted on the application of high intensities(130 lm/W, UOOCMmolum^usec' 1 ) which could be achieved by the 
variation of the sealed gas 13). The next challenge facing microwave-powered lamps would concern the production cost and the life-span of magnetrons. Fig. 
8(31KB) shows the structure of a microwave-powered lamp and emission spectrum. 

(b) Light-emitting diode devices(LED) 

LEDs are light-emitting se mi conductors with uses ranging from simple indicator lamps to more complicated bar and numeric displays, where the development 
of the blue LED leads to the practical use of full color displays. The LED is a remarkable evolving technical invention. When current flows through the p-n 
junction of compound semiconductors consisting of Gap(gallium phosphide) or GaAsP(gallium arsenide phosphide), light is emitted as a result of electrons 
recombining with holes near the p-n junction. The characteristics of LEDs are as follows: low voltage operation, low heat emission, a compact and lightweight 
design, lack of noise(electron discharge tubes produce noise) and easy control. Horticultural applications are being considered for plant cultivation in space32). 
In this application, an irradiation source(surface) consisting of a bundle of LED devices irradiates the plant at a close proximity, moving with the plant as it 
grows. At a distance of 1 cm, a 5,000 mcd, 660 nm LED is able to produce an intensity of a lm ost 50,000 lx. In addition, a combination of red, green and blue 
devices together with lighting control can produce a balance that is compatible with photosynthesis. The next challenge facing LEDs concerns the production 
cost and the heating effects resulting from the concentrated use of LED devices. Fig. 9 (13KB) shows the structure of a LED device23) and Fig. 10(( shows the 
spectral distribution in composite lighting. Table 6 shows the characteristics of red, green and blue LED devices21). 


Table 6. Characteristics of red, green and blue LED devices (modification of Nakamura, 1995) 



Peak wavelength 

Luminous intensity 

Output 

External 

Color 

Material 

(nm) 

(mcd) 

power 

quantum 





e/4w) 

efficiency(%) 

Red 

GaAlAs 

660 

5,000 

4,500 

12.0 


AUnGaP 

570 

1,000 

400 

1.0 

Green 

GaP 

555 

100 

40 

0.1 


ZnTeSe* 

512 

4,000 

1,300 

5.3 


InGaN 

520 

12,000 

3,000 

6.3 


SiC 

470 

20 

20 

0.04 

Blue 

ZnCdSe* 

489 

700 

327 

1.3 


InGaN 

450 

2,500 

5,000 

9.1 

Under a forward current of 20 mA.. *Under a forward current of 10 mA. 


(c) Laser diode devices(LD) 

LDs are light-emitting semiconductors like LEDs. LDs are mainly used in bar-code readers, writeable compact disks(CD), mini disks(MD), compact disk read 
only memory(CDROM), optical communication transmission, and photocopiers or optical printers. The operation principle of an LD is equivalent to that of laser 
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oscillation. Light emitted from an LED is reflected by a mirror and amplified by stimulated emission. The light is finally emitted through the mirror surface. Fig. 
11 (24KB) shows a simple LD structure22). Table 7 shows the wavelengths produced by several kinds of LDs22). Takatsuji & Yamanaka24) investigated the 
possibility of using LDs as light sources in greenhouses since the photo-electronic transducer efficiency of LDs is very high. Results showed that irradiation 
combined with red and blue LD light pulses was a promising future development in view of the production cost. In addition, Takatsuji & Mori25) confirmed the 
growth of lettuce using mixed light irradiation(PPFD: 50l4molerrr 2 esec~ 1 )of red LD(660 nm)and blue LED(450 nm). 


Table 7. Wavelengths of various LDs (Shimoda, 1997) 


Material 

Wavelength (nm) 

GaN 

440 

ZnxCdlxSe 

490-530 

Gai-xAlxAs 

650-840 

InxGai-xAlyPi-Y 

660-690 

GaAs 

840 

Inp 

910 

InxGai-xAsYPi-Y 

1,350-1,560 

InxGai-xAs 

840-3,100 

InAs 

3,100 

InSb 

5,200 

PbxSm-xTe 

6,500-32,000 


Tsuchiya et al.28) developed an LD6500 with a wavelength of 680 nm and output of 200 nW. A 35% photoelectric transducer efficiency was achieved 
(theor3200etical maximum 60%). Results of tests carried out on lettuce at 200 1 /4molenr 2 esec' 1 PPFD showed that growth was slow. The leaves were thin, 
presumably due to the use of monochromatic and coherent light. In the mixed irradiation test using red LDs and blue fluorescent lamps(about 6%), plants 
showed an increased weight and a normal leaf shape, confirming the effect of blue light29). Mori & Takatsuji. 16) cultivated lettuce by irradiating light from 
different kinds of LEDs and red LDs(650 nm) alone or in combination(PPFD: SO'/imolem^esec -1 ) and found that the growth was poor in cases where only red 
LD irradiation was used. This effect was considered to be due to the monochromatic characteristic of red LD light. The following problems in the application of 
LDs are as follows: sensitivity to electrostatic and current surges, wavelength increase of about 10 nm as the temperature rises, and need for development of a 
blue light LD. 

—Conclusion. 

Two main requirements dominate the utilization of artificial light sources in horticulture in both gardens and commercial greenhouses, the first being efficiency. 
High pressure sodium lamps are generally adopted to offer the highest efficiency in terms of plant growth rate and economy. However, to remain within current 
standards of farm products(such as leaf greenness and coloration, intemode length, stem diameter, and leaf thickness), combination with metal halide lamps is 
recommended. The second requirement is related to the esthetic improvement of store or house environments, where the primary concern is not growth but 
maintenance of a plant's natural appearance. High efficiency is not a prerequisite, but the light quality balance becomes important in order to bring out the 
essential color characteristics of plants and flowers as well as maintaining plant health. To meet these requirements, high color rendering index type MHLs are 
recommended. Current horticultural research trends lead to the development of 1.2 kW HPSL, 180 lm/W, LED and LD devices for use in commercial 
greenhouses and the application of microwave and 400 W MHL lamps in growth chambers. 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/tazawa1.htm (6 of 7) [10/7/2002 8:34:37 PM] 







tazawal 

& 

L -IFnrwarH to:-Effects of Various Radiant Sources on Plants Growth (Part 2)- 
He ontents 

Iffl jIRCAS Home Page 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/tazawa1.htm (7 of 7) [10/7/2002 8:34:37 PM] 





—References. 

-References- 


BLack 

1) Abe, N. et al.(1967): Characteristics of photosynthesis for various flowers. Abstr. Jpn. Hort. Sci. Spring Meet. 336-337 
[In Japanese]. 

2) Bohning, R. H. & Burnside, C. A. (1956): The effect of light intensity on rate of apparent photosynthesis in leaves of 
sun and shade plants. Amer. J. Bot., 43, 557-561. 

3) Chapman, H. W. & Loomis, W. E. (1953): Photosynthesis in the potato under field conditions. Plant Physiol., 28, 
703-716. 

4) Hesketh, J. D. & Moss, D. N. (1963): Variation in the response of photosynthesis to light. Crop Sci., 3, 107-110. 

5) Hesketh, J. D. (1963): Limitations to photosynthesis responsible for differences among species. Crop Sci., 3, 493-496. 

6 ) Ikeda, A. et al. (1992): Development of plant factory using fluorescent lamps and its lighting design. J. Jpn. Ilium. Eng., 
76 (10), 523-529 [In Japanese], 

7) Inada, K. (1976): Action spectra for photosynthesis in higher plants. Plant & Cell Physiol., 17, 355-365. 

8 ) Inada, K. (ed.) (1984): Light and plant growth, Yohkendo, Tokyo, 8-9 [In Japanese], 

9) Inada, K. (ed.) (1984): Light and plant growth, Yohkendo, Tokyo, 72[In Japanese], 

10) Inagaki, T. et al. (1998): Development of high pressure sodium lamps for high efficacy and high wattage. Abstr. Jpn. 
SHITA. Annual Conf. Meet., 28-29 [In Japanese], 

11) Ito, K. (1965): Studies on photosynthesis in sugar beet plant. J. Jpn. Crop Sci., 38, 487-491 [In Japanese with English 
summary], 

12) Klein, W. H. et al. (1969): Spectral distribution and its control of plant growth and development. Progress report on 
AEC Research Project-Contract AT (30-1) 2373, Radiation Biology Laboratory, Smithonian Institution. 

13) Kozai, T. & Kitaya, Y. (1993): Microwave-powered lamps and its application for growing plants. J. Jpn. Agric. & 
Hortic., 68 (9), 44-52 [In Japanese], 

14) McCree, K. J. (1972): The action spectrum, absorbance and quantum yield of photosynthesis in crop plants., Agric. 
Meteorol., 9, 191-216. 

15) Morgan, D. C. & Smith, H. (1976): Linear relationship between phytochrome photoequilibrium and growth. Nature, 
262, 210 - 212 . 

16) Mori, Y. & Takatsuji, M. (1998): Effects of LED and LD radiation on the growth of lettuce. Abstr. Jpn. SHITA. 
Annual Conf. Meet., 26-27 [In Japanese], 

17) Murakami, K. et al. (1991): Effect and estimations of additional far-red irradiation on plant growth. Abstr. Jpn. Ilium. 
Eng. Inst. Annual Conf. Meet., 217 [In Japanese], 

18) Murakami, K. et al. (1998): Development of metal halide lamps for plant growth. Abstr. Jpn. SHITA. Annual Conf. 
Meet., 32-33 [In Japanese], 

19) Murata, Y. (1961): Studies on the photosynthesis of rice plants and its culture significance. Natl. Inst. Agric. Sci., D9, 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/ref.htm (1 of 2) [10/7/2002 8:34:39 PM] 




—References- 


1-169 [In Japanese with English summary], 

20) Nagai, E. et al. (1992): Artificial lighting for some indoor horticultural plants. Abst. Jpn. Ilium. Eng. Inst. Annual 
Conf. Meet., 174 [In Japanese]. 

21) Nakamura, N. et al. (1995): High brightness InGaN blue, green and yellow light-emitting diodes with quantum well 
structures. J. Jpn. Appl. Phys., 34, Pt. 2, (10B), 1332-1335. 

22) Shimoda, K. (1997): Actual situation of laser. J. Jpn. Optronics., 1, 238-240 [In Japanese]. 

23) Suehiro, N. et al. (1995): High brightness LED lamp with wide visibility angle. Tech. rep. Elect. & Commun. Eng. 

Inst. Jpn., EID94-114, 43-48 [In Japanese with English summary], 

24) Takatsuji, M. & Yamanaka, M. 1994): Possibility of laser plant factory. J. Jpn. SHITA., 6 (3), 184-190 [In Japanese]. 

25) Takatsuji, M. & Mori, Y. (1997): Laser plant factory. In Handbook of plant factory, ed. Takatsuji, M. Tokai Univ. 
Press, Tokyo, 80-85 [In Japanese], 

26) Takeda, G. (1978): Photosynthesis and dry-matter reproduction system in winter cereals. Natl. Inst. Agric. Sci ., D29, 
1-65 [In Japanese with English summary], 

27) Tatsumi, M. & Hori, Y. (1969): Studies on photosynthesis of vegetable crops. Hort. Res. Stn., Jpn., A8, 127-140 [In 
Japanese with English summary], 

28) Tsuchiya, H. et al. (1997): Application of laser diode as a light source of plant factory. SHITA Rep. Jpn., 13, 17-19 [In 
Japanese]. 

29) Tsuchiya, H. et al. (1997): Application of red laser diode as a light source of plant production. Rev. Jpn. Laser Eng. 
Laser Sci., 25 (12), 841-844 [In Japanese]. 

30) Tsuno, Y. & Fujise, K. (1965): Studies on the dry-matter production of sweet potato. Natl. Inst. Agric. Sci., D13, 1-131 
[In Japanese with English summary], 

31) Van der Veen, R. & Meijer, G. (1962): Light and plant growth. The MacMillan Co. New York, 5-6. 

32) Yokouchi, H. (1991): Meeting report, CIE Division 6. 22nd Session, Melbourne, J. Jpn. JCIE., 8 (3-4), 28 [In 
Japanese], 

EL k 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/ref.htm (2 of 2) [10/7/2002 8:34:39 PM] 




http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/fig1.htm [10/7/2002 8:34:41 PM] 

















Fig.2. Relationship between intensity and photosynthetic rate 
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Table 1. Light saturation and compensation points of major crops 


Spccin 

Situ ration 
point (kli) 

Compensation 

ppfnL(kJi) 

Remarks 

Rite 

40-50 (f>72«40) 

0.5-131 (^17) 

Mb rata, 1961 3,3 

Bariev 

50(540) 


Takeda, 1970 34> 

Main 

JtO-100(1344-1**0} 

1.5(30) 

llcskcth & Mass. 1963 4 

Hcfkctb, 1963 11 

.Sugar heel 

80(1344) 


Soybean 

241-25 (336-420) 

1.0-1.5(17-25) 

Bnhning & Burnside, 1956 11 

Kidney bean 

20*25 (336-420} 

1.0-1.5(17-25) 

Sweet p»ialn 

30(5*4) 


Tnuti * Fu/nc. 1965 1 ” 

Pi) Liter 

30 (5W) 


Chupman & Lirnmiv, 1953 ” 

Sugar beet 

30(504) 

0,8-1.0(13-1?) 

llu, 196 & 111 

Castor bean 

20-25 (336-420) 

L4(40) 

Bahning & Burnside, 1956 n 
lltikcth, 19*3 M 

InhjkCLr, 

20-25 (33(M20) 

1.0-1.5(17-25) 

Brituiinn >X- Burnside, 1956 !1 

Cullim 

20-25 (336-420) 

131-13(17-25) 

TnmaEa 

70(1176) 


Tstsumi & Hflfi, 1969 iBl 

KEEfiJant 

40(672) 

2.0(34) 

Red pepper 

30(504) 

1.5(25) 

Cucumber 

55(924) 


Squash 

45(756) 

1.5(25) 

Melon 

55(924) 

0.4(7) 

WiLcrmckm 

80(1344) 

4.0(67) 

Cabbage 

40(672) 

2.0(14) 

Chinese 

cabbage 

40(672) 

t .5*2.0 (25-34) 

Turnip 

55(924) 

4,a(67) 

Taro 

80(1344) 

4.0(67} 

Pet 

40(672) 

2.0(34} 

Cdery 

45(756) 

2.0(34} 

[ j;t|uce 

25(420) 

1^10(25-34) 

Cryptotaenw 

20(336) 

1,0(17) 

Zin^iher mi pi* a 

20(336) 

1.5(25) 


* fipura in parenthesis indicaU' the quantum Dun. 

Tnc quantum flm densities in parentheses indicate tbt vtduts far rath illuminance multiplied by 
I lie etJDveninn factor far niluril d^lighldM fi mol L m "**!' ’/l kli). 
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table2 


Table 2. Light saturation and compensation points for some indoor ornamentals plants 1,2) 


Plant species 


Malar a helix' English ivy" 
Cypripedium instgrte 
Dracaena con cine 
StTcptocnrpus rexii 
Fuchsia hybrtda 
Pelargonium zonale 
Nqrhrotepa exaltata 
Phiiidendroit laciniatum 
Cyclamen par si cum 

Begonia co cat n a 
CordyFna ferminafis 
Oncsdium JJexuostim 
Primula obcontca 
Chamacdarea ulegans 
Primula matacoides 
Cymbsdium emifaHum 
Begonia rex 
Rkoco discolor 
Nepanihcs maxima 
Adtantum pedatum 
Begonia margarbae 
Begonia iron cross 
Dendrobium merlin 
Chloruphytum datum 
Pilea cadterei 
AnffrUrium andrueanum 
Coleus 
Philodendron 
Saintpaulia 


Saturation point 
(Us) 



Compensation point 
(kix) 


0,2 —0.3 (3.4 
mas, 0.1 (1 
0.2 -0.3 (3.4 
0.2-0.3 (3.4 
0.4 - 0.5 (6.7 
0.2 -0.3 (3.4 
0.S — 0.6 (8.4 
0.2 —0.3 (3.4 
0.2 -0.3 (3.4 
0,2 — 0.3 (3.4 
0,3 —0.4(5 
0,2 — 0.3 (3.4 
0.2 —0.3 (3,4 
0,1 —0.2 (1.7 
0.2 - 0.3 (3.4 
0,2 —0,3 (3.4 
0.2-0.3 3.4 
0,5 — 0,6 (8,4 
0.2 —0.3 (3.4 
0 t 2 — 0.3 (3.4 
mas. 0.1 (I 
0.2-0.3 (3.4 
0.2-0.3 (3,4 
mas. 0.1 (l 
0,2 — 0.3 (3.4 
0.2-0.3(34 
1 — 1.5(16.8 
0.5 (8,4) 
0.5 (8,4 ) 


* s : 

-si 

-8.4) 

- 5 ) 

— 10 . 1 ) 

— 5) 

— S) 

6.7) 

— 5) 

— 5) 

— 3.4) 

~| 

— 10 , 1 ) 

J 

i 

25.2) 


The quantum flux densities in parentheses indicate the values for each illuminance multi-plied by the 
conversion factor for natural daylight (16.8 /Emo-m 2 .sec~ , /klx). 
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Fig.3. Average values for photosynthesis action spectra (Inada, 1976) 

[1] Average of 26 species of herbaceous plants. 

[2] Average of 7 species of arboreous plants. 
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fig4 



Fig.4. Average values for photosynthesis action spectra (McCree, 1972) 


[1] Average of 20 species grown in plant growth chambers. 

[2] Average of 8 species grown in the field. 
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Fig.5. Average values for photosynthesis action spectra for 61 species 


India; 33 species, McCree; 28 species. 
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table4 


Table 4. Effect of various wavelengths on plants 


Wave Length { 

n m) 


Action 

Infrared 

radiation 

I R“A 

14 0 0 


Mg specific action, but thermal effects 
on plants. 




o u u 

Specific elongation effect on plants. 

Germination control (730 nmJ 



7 6 0 


Visible 

radiation 

Red 

Orange 

6 4 0 

rutj 

6 1 0 

Maximum absorption by chlorophyll. 

Maximum photosynthesis(675 nm). 

Promotion of germination (640 nm), 
opening orieavcs and flowerbud formation. 

Ydtotr 

S 90 

C 7 A 

Significant contribution to photosynthesis 


Green 


5 I 0 

A n rl 



Blue 

Violet 

500 

4 SO 

Absorbed by ydton pigments, resulting in a 
peak of chlorophyll absorption, Phototropism 
(blue light) 


UV“ A 

380 

H U U 

q t c 

Generally controls plant height, makes leaves 
thick. Promotes coloring pigments. 

Ultraviolet 

radiation 

UV-B 


d 1 3 

28 0 

1 0 0 

Excessive intensity exerts adverse effects; 
pronounced effects on many synthetic processes. 


uv-c 


Plants wither rapidly. 
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Fig 

Fig.6. Classification of artificial light sources 
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fig7 

Fig.7. Spectral distribution of various artificial light sources 






FJwttcent ftWrtwy Lvnp (HPMVi) 





W mh ivtfK W 

ootw rendition typ* 

iMtil haldo Comp (MHLJ 



m m *» *« 

W wili n(t)> tnmj 

Hidn pf«ui/( lodium Limp (HPSU 



H«(h lypo 

hr£h prenurc iidium tamp fHPSL) 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/fig7.htm [10/7/2002 8:35:03 PM] 














































table 5 

Table 5. Radiant energy balance and PPFD transformed value of various sources 



Blue light 
(400-50(1 nm) 

{%) 

Green light 
(5CHMKQ nm) 

(%) 

Red light 
(AMI-7IH nm) 

{%> 

PPFD (ram- 
form atioa 
factor a) 

Quantum sensitivity 
s perl rum 

2 7 h a 

3 3.3 

3 9.4 


Photosynthesis action 
spectrum 

2 3,5 

3 2*0 

4 4 .6 

- 

Incandescent bmp 
<IU 

1 2*3 

3 3.3 

5 4.4 

2 1.0 

-SdF-hnllams! mcrcurv 
timp(SBML) 

2 2.3 

4 3*3 

3 4.4 

1 ft. 8 

Fluorescent mercury 
bmp(HFMVL) 

3 1.1 

5 1.2 

L 7.7 

1 2.3 

Met ti l halide bmp 

omu 

2 9.2 

5 1*4 

1 9.4 

1 3.8 

Hidh color rendering: 
index type MHL 

3 7.7 

3 9.1 

2 3.2 

1 6.7 

High pressure sodium 

lamp ’ll PSD 

8,9 

5 1.4 

3 9.7 

1 3.3 

Color improved ty pe 
HPSL 

5.8 

3 8.2 

5 6.0 

1 5.4 

High ttdor rendering 
inuct t> pc KPSL 

9.1 

2 8.1 

6 2.H 

2 2,1 

FI jo rot cat bmp far 
plinl growth 

2 9.9 

2 ft.8 

4 3.3 

2 2*4 

Flunncscent bmp Tor 
color evaluation 

2 9.0 

3 9*8 

3 1.2 

1 7*3 

While color type 
fluorescent bmp 

2 ft. 4 

5 0.3 

2 3.3 

1 2*4 

Daylight type 
fluorescent bmp 

3 7,8 

4 B* 9 

1 ft.3 

1 4.0 

Thrw wave type 
fluorescent lump 

3 2*7 

4 4.9 

2 2*4 

1 3.7 

Day w bite type 
flunrcscenl lamp 

3 1*6 

4 2.9 

2 5.5 

1 3.3 


Figures in the table indicate the ratio {wattage) <4 various iij-kii sources w iiliin PAR 
radiation enercj (400 In 700 uml. 

a) [ Unit of PPFD Lrunsform ation factor; jx mol ■ m * ■ sec ' 1 / I kl* 


Slack 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/tazawa/table 5.htm [10/7/2002 8:35:07 PM] 





























Fig 

Fig.8. Structure of microwave-powered lamp and its emission spectrum (Kozai and Kitaya, 1993) 
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Fig 

Fig.9. Structure of LED device (Suehiro et al., 1995) 
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Effects of Various Radiant Sources on Plant Growth(Part 

2 ) 

Shinji TAZAWA 

Light Source Division, Iwasaki Electric Co., Ltd. 

(Gyoda, Saitama, 361-0021 Japan) 

—Abstract. 

In Part 2 of this report, we analyzed the spectrum distribution of several high intensity discharge lamps, 
in which the spectrum values were multiplied by the average values for 4 different photosynthesis curves 
developed by McCree(1972) and Inada(1976), and we calculated the photoelectric conversion efficiency 
expressed as the plant growth radiant efficiency. As a result, we confirmed the high effectiveness of high 
pressure sodium lamps for plant growth within the PAR range of wavelengths, and concluded that a 
metal halide lamp 3,500 K(150 W high color rendering index type) was a suitable light source for indoor 
maintenance of ornamental plants. We also analyzed the light quality balance within the PAR range of 
different artificial light sources, by using the R/B and R/FR ratios as a reference to photomorphogenesis. 

Discipline: Agricultural facilities/Crop production/Horticulture 

Additional key words: artificial light source, supplemental lighting, plant factory 

^ 1.... 5): References 

(Received for publication, December 18, 1998) 

—Introduction. 

Part 2 of this report deals with an evaluation of various radiant sources for plant growth and the quality 
of the light balance. 

—Evaluation of various radiant sources for plant growth. 

Broadly speaking, 2 aspects must be considered in the evaluation of radiant sources for plant growth. The 
first is the efficiency of light energy transformation which is expressed by the ratio of the radiant energy 
of a lamp to the effective light energy for photosynthesis. This efficiency is a measure of how close the 
spectral distribution of a light source is to the photosynthesis action spectrum of the plants. To obtain this 
efficiency, the value for spectral distribution of a light source is multiplied by the sensitivity of the 
photosynthesis action spectrum of the plants, and then divided by the input power of the light source 
used. However, it is virtually impossible to analyze the photosynthesis action spectra of hundreds of 
thousands of plants on the earth. Therefore only the main typical species are used to calculate the 
efficiency. The quantum sensor, in which the sensitivity is close to the photosynthesis action spectrum, is 
considered to be a suitable device for measuring the efficiency. Fig. 1 (23KB) shows the curve of 
luminous efficiency and quantum sensitivity. The second aspect to be considered is the quality of the 
light balance. In general, it is recognized that light with a large red light component promotes intercalary 
growth, and that light with a large blue light component controls plant growth. The ratio of blue, green 
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and red light components controls plant growth. The ratio of blue, green and red light components in 
PAR radiation is the key factor determining plant growth. In addition, the ratio of red light and far-red 
light is an important factor in the elongation of plants. 

1) Evaluation of light energy transformation efficiency 

To obtain the light energy transformation efficiency, the radiant energy of the light source is multiplied 
by either the quantum sensitivity or the operational sensitivity of photosynthesis, then divided by the 
input power of the lamp. Equations used to calculate the light energy transformation efficiency of the 


light sources are shown below(Eqns. 1 to 3). 

Radiant energy of artificial light source; 

J™PU)<U/P in.(1) 

Radiant energy x quantum sensitivity; 

CPU) QU)d X/P in.(2) 

Radiant energy x average sensitivity of photosynthesis spectra ; 

f™PU) SU)d X/P in.(3) 

0(»: spectrum distribution, 

1(»: quantum sensitivity, 


3(»: average sensitivity of photosynthesis action spectra, 

Oin : input power of lamp. 

Table 1 (52KB) shows the radiant energy and light energy transformation efficiency of various 660 to 
1,000 W high intensity discharge lamps(HID lamps) used in closed system plant factories. Line (1) in 
Table 1 shows the transformation efficiency to visible light from electric energy supplied by actual light 
sources as radiant energy. Line (2) shows the light transformation efficiency multiplied by the quantum 
sensitivity for evaluating measurements. Line (3) shows the efficiency of light energy transformation 
actually used, which is calculated from the efficiency of light energy transformation multiplied by the 
average sensitivity of the photosynthesis action spectra of 33 plant species examined by Inada( 1976)2) 
and 28 by McCree(1972)4). As shown in Table 1, from the standpoint of photosynthesis sensitivity and 
quantum sensitivity, the most effective lamp for plant growth is the HPSL, in which the red light 
component is large and the efficiency of light energy transformation is high. However, normal growth 
cannot be expected with a light with a large red light component only. That is, an adequate balance with 
blue and green light is also necessary. 

Table 2 (61KB) shows the efficiency of light energy transformation of 400 W HIDLs used in hybrid type 
plant factories and in greenhouses for supplemental lighting. Compared with HPMVL, MHL and HPSL 
show a higher efficiency. In addition, comparison of Tables 1 and 2, shows that high-wattage type 
HPSLs have a higher efficiency than 400 W HPLSs, and 400 W MHLs have a higher efficiency than 
high-wattage type MHLs. 

Table 3 (46KB)shows the efficiency of light energy transformation of compact type HID lamps installed 
for indoor ornamental plants. All MHLs have a high efficiency of light energy transformation, as shown 
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in Table 3. In particular, the 150 W 4,500 K lamp shows the highest efficiency, based on the 
multiplication with the average photosynthesis sensitivity. 

2) Evaluation of quality of light balance 

Evaluation of the quality of the light balance involves the determination of the relative balance of blue 
light, green light, and red light in the effective radiation range of photosynthesis. Among these, the 
balance of red light and blue light(R/B ratio) is a typical factor for consideration. High R/B ratio, 
depending on the light quantity, is associated with intercalary growth of the intemodes, and a low R/B 
ratio is associated with growth control, i.e. suppression of elongation, and production of thick, strong 
leaves. Table 4 (41KB) shows the quality of the light balance of various kinds of photosynthesis action 
spectra and quantum sensitivities. Considering quantum sensitivity as an indicator, an effective light 
balance is represented by an R/B ratio of 1.44, obtained with 27.3% blue light, 33.3% green light and 
39.4% red light. The average quality of the light balance of 4 photosynthesis action spectra includes 
23.5% blue light, 32.0% green light and 44.5% red light. From these values, the R/B ratio is calculated to 
be 2.71, indicating that light with a large red light component is effective. However, studies carried out 
by Inada & Yabumoto3) using lettuce and radish, showed that an R/B ratio of 10 or higher was effective 
for cultivation. Takatsuji et al.5) irradiated lettuce with red LED(660 nm, half wavelength about 30 
nm)and blue LED(450 nm, half wavelength about 70 nm)and showed that an R/B ratio of 10 was 
effective. 

Another factor for the evaluation is the photomorphogenesis reaction discussed in Section 5(Part 1). 
Based on the red light to far-red light ratio(R/FR ratio) it can be determined whether plants will have 
elongated or controlled growth. High R/FR values indicate controlled growth, and low values indicate 
elongated growth. The R/FR ratio is calculated by multiplying the light spectrum distribution by the 
quantum sensitivity. Inada & Yabumoto3) using lettuce and radish, showed that an R/FR ratio between 
1.00 to 2.00 was effective for cultivation. Horaguchi et al.l), who cultivated lettuce and sunflower using 
irradiation from several 4-band fluorescent lamps where an FR light was added to 3-band fluorescent 
lamps, showed that an R/FR ratio of 0.78 was effective. In general, the wavelength ranges are broadly 
defined as 600 to 700 nm for red light and 700 to 800 nm for far-red light. Equation (4) is used for the 
calculation of the R/FR ratio as follows; 

R/FR ratio : 

CPU) QU)d A/J^PU) QU)d X...A4) 

Table 5 (42KB) shows the quality of the light balance, R/B ratio and R/FR ratio of various HID lamps(660 
to 1,000 W). The light balance is adjusted on the basis of the visibility curve for human eyes, and 
therefore tends to contain a large green light component(500 to 600 nm). There is no lamp with an R/B 
ratio in the range of the quantum sensitivity and the average photosynthesis sensitivity(1.44 to 2.71), 
except for SBML that shows a low efficiency of light energy transformation. HPSLs, which have a large 
red light component, induce elongated growth, and are therefore used for cultivating herbage crops in 
plant factories of the closed system type because of their high efficiency. HPMVLs, and MHLs have a 
large blue light component, and therefore induce growth suppression. However, MHLs are currently the 
only high wattage lamps that can be used on their own to induce relatively good quality growth. 
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Table 6 (58KB) shows the quality of the light balance of radiant energy, R/B ratio and R/FR ratio of 
various HID lamps(400 W). SBMLs show the optimum R/B ratio, but their R/FR ratio is associated with 
elongated growth because of the large FR component. The R/B ratios of HPMVL and MHL are 
associated with growth control, and that of HPSL with growth elongation. The R/FR ratio of the XW 
type of HPMVL, the MHL and the high color type of HPSL are all associated with growth elongation. 

Table 7 (39KB) shows the quality of the light balance, R/B ratio and R/FR ratio of compact type HID 
lamps for indoor ornamental plants. To achieve adequate growth in indoor shops, MHL 3,500 K may be 
recommended because of the high R/B ratio, R/FR ratio and light quality balance. For maintenance 
growth and esthetic displays, MHL 6,500 K can be recommended because it enhances the green color of 
leaves of ornamental plants. MHL 4,500 K or 6,500 K can be recommended because their R/B ratios are 
associated with growth control. If HPSL 2,500 K is used, ornamental plants may become overgrown 
indoors because both the R/B ratio and R/FR ratio lead to the optimum conditions for growth. 

—Conclusion. 

To compare different artificial light sources, we determined the spectrum distribution of different light 
sources and multiplied the values by the average values for the photosynthesis curves derived from 4 sets 
of data to give an efficiency which we designated as the PGRE(plant growth radiant efficiency). As a 
result, the PGRE of high pressure mercury fluorescent lamps amounted to 8 to 12%, metal halide 
lamps(MHL) to 17 to 19% and high pressure sodium lamps to about 18 to 32%, respectively. Metal 
halide lamps were found to be the most efficient. High color rendition type HPSL and SBML gave 
excellent light quality balance and high R/B and R/FR ratios, but both exhibited a low basic photoelectric 
conversion efficiency. For the maintenance of ornamental plants, high color rendition type 4,500 K and 
6,500 K lamps show a high PGRE and are effective, but we recommend the 3,500 K lamps due to the 
high light quality balance and R/B and R/FR ratios. However, if the esthetic effects of a certain store 
atmosphere are required, we may recommend MHL 4,500 K or 6,500 K in terms of color warmth as well 
as other factors. The HPSL 2,500 K lamps provide the highest combination of light quality balance, R/B 
and R/FR ratios, and lead to superior plant growth characteristics. Since many factors relating to plant 
growth and light irradiation remain unclear, we hope that this report will be a useful point of reference 
for the research and development of artificial light sources for horticultural applications. 
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Fig 



Fig.l. Curve of luminous efficiency and quantum sensitivity 
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Table 1 


Table 1. Relation energy of various HID lamps (660 to 1,000 W) 


Lump name 

hpmvl 

MHL 

11 P S L 

Lump lypt 

El FI 040- 
X 

E1FUMML 

xw 

M10U0 

MFl 000 

NH660L 

NH6AO- 

DL 

NHMftL 

Lominoui rffi rkrnrv 

flmrtV) 

59.5 

63.0 

90j0 

*7.0 

152,0 

IIIjO 

IS7.4 

Radiation Mercy of 
vbibJe kiehi f VV> 

(380- 7«ni,m) 

171.5 

m.7 

293.4 

291,9 

280,6 

245.7 

4153 

® Efficient >■ nf lij;hl 
eitorov iranilormalion 

t%) 

17.2 

IS.9 

293 

19.2 

42 S 

37.2 

44 2 

Radiation imT^v K 
quantum H'n^ilUily 
(W) (400-7IMJ ntn) 

115,1 

JIM 

143,2 

2II2.M 

mja 

LSU 

31 S3 

&} Efficiency X 
a minium icnsitmiy 

H) 

US 

I3tf 

KU 

KO 

J2i 

27,6 

33.9 

Radiation cncrsy X 
photosyiUhni) sciim- 
livityfW) (40f>-70Unm ) 

109 J 

119.7 

ms 

ITS .4 

207,n 

175.6 

346.4 

O 1 Plant gnmlli 
radiant effirienev 

(PCRE) (%) 

10.9 

12.4 

17,8 

L73 

31,4 

26.6 

32.6 
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Table 2 


Table 2. Radiation energy of various HID lamps (400 W) 


Limp njiitic 

HPMVL 

MHL 

HPSL 

l ump type 

Clear 

bulb 

Hun 

itiicnl 
type X 

Fhw- 

retren 

type 

XW 

Sdf- 

billail 

cd 

Dear 

bulb 

W 

PlittK 

rwctnl 

type 

High 

tolar 

type 

Gear 

bulb 

IjpO 

Color 

impro¬ 

ved 

His* 

color 

type 

WitllEC (W) 

Am 

Am 

400 

500 

400 

400 

400 

3*0 

3*0 

400 

Luminous 
efficiency (ImAV) 

51 

55 

fid 

25 

too 

95 

80 

139 

10* 

*0 

HudiiHini encno' 
uf vjuibEc -ItEht 
(31MUB0 nm) fW) 

55.5 

(33 

713 

5911 

130.4 

127.5 

1363 

140.3 

127.9 

119.fi 

(D Efficiency of 

Light energy 
trnnsformiatinn (%) 

13,9 

15,? 

14t.fl 

118 

32.6 1 

31,9 

34.1 

39,0 

353 

29.9 

Radial]Pit crttriy X 

quanlMra soLiiliviiv 
(400-700 nm) (W) 

39.5 

*63 

52.1 

| 35.1 

90.4 

08* 

89 3 

107,5 

94,9 

77.fi 

© Effician x 
quantum scflwtivtiy 

(%) 

9$ 

lli 

13.0 

7.0 

22.fi 

222 

22.3 

29.9 

2*,4 

19,4 

Kadialian energy X 
pholocynlltc^i* senji- 
■Mtj (4^0-700 nm) 

(W) 

333 

4 as 

45.fi 

31.4 

70.9 

77J5 

76.5 

103,4 

914 

76* 

@ Plant etoiuJs 
radian 1 efficiency 

B.3 

102 

L1.4 

63 

I9J 

193 

t9.l 

20.7 

25.4 

192 


_(PGRE)(%) 

eL 
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Table3 


Table 3. Light transformation efficiency of compact HID lamps 


Lamp type 

HFSL2500K 

ME3SQ0K 

MH4500K 

MBfiSMK 

Wallace (W) 

1 5 0 

l 5 0 

1 S 0 

1 E 0 

Luminous 
efficiency (ImAV) 

5 2.0 

6 6 + 7 

7 3.3 

7 3.3 

Radiation energy 
of visibEc tight 
(3B0-7S0 niin) (W) 

3 fi.6 

4 4.2 

4 8.5 

5 1.2 

CP Efficiency of 
tight energy 
transformation {%) 

2 5,7 

2 9.5 

3 2.3 

3 4.1 

Radiation energy x 
nnantum sensilivilv 
(400-700 an) (W) 

2 5.2 

3U.& 

3 3.2 

3 3,5 

© Efficiency X 
quantum sensitivity 

(%) 

I S.fi 

2 0.3 

2 2.1 

2 2.3 

RadiutiOn energy X 
[ifinCnsynihtsis sensi¬ 
tivity (4 rim) 

(W? 

2 4.0 

2 7. 7 

2 9.6 

2 a.s 

® Finn t grow (h 
miiitiitl efficiency 
(PGRE) (%) 

1 6.0 

1 8.5 

1 9 r 7 

l 9.2 
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Table 4 


Table 4. Quality of light balance of photosynthesis action spectra 



Blue light 

(%) 

(400-500 nm) 

Green light 

<%) 

(500-600 nm) 

Red light 

(%) 

(600-700 nm) 

R/B 

ratio 

Remarks 

Quantum 

sensitivity 

2 7.3 

3 3.3 

3 9.4 

1.4 4 


Photosynthesis 
action sopectra 

I n a d a® 

2 6.1 

3 1.5 

4 2.4 

2.3 3 

Average of 26 
species of her¬ 
baceous plants 

I na da<2) 

1 9.3 

3 3.5 

4 7.2 

3.4 9 

Average of 7 
species of arbo¬ 
reous plants 

M c C r e e 

G) 

2 5.0 

3 1.2 

4 3.8 

2.5 2 

Average of 20 

species 

(chamber) 

M c C r e e 

2 3.5 

3 1.5 

4 5.0 

2.7 4 

Average of 8 

species 

(field) 

Photosynthesis 
action spectra 
(Average) 

2 3.5 

3 2.0 

4 4.5 

2.7 1 
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Table 5 

Table 5. Quality of light balance, R/B ratio and R/FR ratio of HID lamps 


Lamp name 

HPMVL 

MHL 

HPSL 

Lamp type 

HF1000- 

X 

HF1000- 

xw 

Ml 000 

MF1000 

NH660L 

NH660 

DL 

NH940L 

Quality 

of light balance 
| (%) 

Blue light 
(400-500 nm) 

31 

(51.1) 

31 

(54.4) 

29 

(76.1) 

29 

(75.0) 

9 

(22.9) 

6 

(12.8) 

9 

(33.8) 

Green light 
(500-600 nm) 

51 

(34.1) 

49 

(87.9) 

54 

(144.9) 

51 

(136.5) 

51 

(131.8) 

38 

(80.7) 

51 

(195.1) 

Red light 
(600-700 nm) 

18 

(29.1) 

20 

(34.0) 

17 

(443) 

20 

(51.6) 

40 

(101.8) 

56 

(119.0) 

40 

(150.7) 

Red light / Blue light 
ratio a) 

0.83 

0.98 

0.80 

0.95 

6.06 

13.21 

6.06 

Red light / Far-red 
light ratio 

4.61 

3.96 

5.88 

4.34 

3.85 

3.23 

3.85 
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Table 6 


Table 6. Quality of light balance, R/B ratio and R/FR ratio of lamps 


— Thermit radiation 


Artificial 

tight 




Combitlion 

lnciHicfc*roi« 


“C 


Flash bmp 

In ramiescent lump (ID 
Tungsten h jl! uJSCti I :nM|P 


— INtra-high pressure — 
discharge lamp 


Discharge — 

luminescence 


Discharge “ 


— Phololumiiidcfucc 


— F^Tlrnfumincjirrnrr 


— Nigh-pressure 
discharge lamp 


Lltra-high pressit re mercury 
vapor lamp 

Nigh-pressurr mcrcurs 
sapor lamptltPMVU 

High-pressure fl u o resrent 
mercury lamp(KPMVL) 

Scirhiillaslcri mrrrur) lamp 
(SBML) 


- Metal halide lamp I MilL) 
ffij^jpeefsorc' sodium tamp 


discharge lamp 


f 


— fckclrodcfcsi tamp — 
CKigh'pmfurc) 


I 


L- Light amplification h} stimulated 
emission <if radiation 


Xertwn Tamp 

Fluorescent lamp(FL) 

Lon- pitnun sodium lamp 

Nmhi tube lamp 

Mkranave-puncred lamp 

EJcctrciJamFrcsccnf lamp 
(EL) 

Light-emitting diode depict 
(LED) 

Loser dbtlc device (LI>) 
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Table 7 


Table 7. Quality of light balance, R/B ratio and R/FR ratio of compact HID lamps with good color 
rendition 


Lamp type 

HPSL2500K 

Mil 3 5 0 0 K 

MH4500K 

MII6500K 

General color 
rendering index (Rt) 

8 5 

9 6 

9 6 

9 6 

Wattage (W) 

l 8 0 

1 50 

i 6 0 

1 50 

Luminous efficiency 
(ImAV) 

5 2.0 

6 6.7 

7 3.3 

7 3.3 

Quality 

of light balance 
<%> 

Blue tight 
(400-500 am) 

9 

2.7 

2 0 

7.4 

2 8 

1 1.6 

4 0 

1 7.3 

Green light 
(500-600 am) 

2 8 

8.2 

3 6 

1 3.2 

3 6 

1 4.9 

3 5 

1 5.4 

Red light 
(600700 am) 

6 3 

1 8.4 

4 4 

i o.r> 

3 6 
l 8.8 

2 5 

1 1.1 

R/B light ratio 

9.7 3 

3.2 2 

1.8 9 

0.9 2 

R/FR light ratio 

1.7 4 

2.1 8 

2.2 9 

2.0 9 
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Respiration Models for Freash Produce based on the Theory of Chemisorption 


Development of Respiration Models for Modified 
Atmosphere Packaging of Horticultural Commodities 

Yoshio MARINO 
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(587-1, Goto, Takamatsu, Kagawa, 761-8031 Japan) 

Present address: 

*Kagawa Prefectural Fermentation and Food Experimental Station 
(Nohma, Uchinomi, Shohzu, Kagawa, 761-4421 Japan) 

—Abstract. 

Oxygen uptake models for horticultural commodities were constructed based on the Langmuir adsorption 
theory, mechanism of depression of respiration caused by C0 2 and transition state theory in order to 
design modified atmosphere packaging (MAP) systems. To examine the usefulness of the models, 0 2 
uptake rate data for the commodities were applied to the models. The models were found to be suitable 
for describing the respiration of several kinds of commodities. Mathematical analysis of MAP systems 
for shredded lettuce and shredded cabbage was conducted using the proposed rate equations and mass 
balance equations. The simulated results were in agreement with the experimental data. The 0 2 uptake 
models were found to be suitable for the design of the MAP systems. 

Discipline: Postharvest technology 

Additional key words: lettuce, cabbage, mathematical model, MAP 
® 1... .26) :References 

(Received for publication, December 8, 1998) 

—Introduction. 

In the storage and/or the transportation process of horticultural commodities, respiration control plays an 
important role in prolonging the postharvest life of the commodities. Decrease of 0 2 and increase of C0 2 
concentrations in the environment surrounding the commodities are effective for the depression of 
respiration 11). A modified atmosphere packaging (MAP) system is generally adopted for controlling the 
gas environment26). The system creates an optimum composition of 0 2 and C0 2 suitable for the storage 
of the commodities by controlling the respiration and film permeability. 

Investigations on the prediction of the dynamics of atmosphere in various MAP systems have been 
undertaken since the 1960s 10). Respiration models of the commodities used for the prediction were 
constructed by empirical approaches except for a model by Lee et al.15). It is thus necessary to develop a 
respiration model on a theoretical basis. 

In the present study, theoretical models were constmcted for representing the relationship between 0 2 
uptake rate in the commodities and 0 2 , C0 2 and temperature. Suitability of the derived models was 
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evaluated using respiration data for various kinds of commodities. Mathematical analysis of the MAP 
systems for shredded lettuce and shredded cabbage was conducted to analyze the suitability of the 
models. 

—Mathematical models. 

1) Respiration models 

Respiration is controlled by an elaborate interlocking system of feedback control that coordinates the 
rates of glycolysis, fatty acid breakdown, the citric cycle and electron transport 1). In the biochemical 
reaction of O 2 uptake in a unit cell, it is assumed that one molecule of O 2 is adsorbed on an active site of 
the cytochrome oxidase complex buried in the inner membrane of mitochondria, and that the 0 2 
molecule is desorbed from the site when it accepts 4 electrons, which react with the O 2 molecule, and is 
transformed to 2 molecules of H 2 025). The cytochrome oxidase reaction is estimated to account for 90% 
of the total O 2 uptake in most cells 1). To analyze these biochemical reactions mathematically, a very 
complicated model is required. From a practical point of view, a simplified expression is desirable for 
predicting the atmospheric conditions within the package. An organism, for example a horticultural 
commodity, takes up an 0 2 molecule by a chemical adsorptive reaction on an active enzyme site25). 
Cytochrome oxidase complex adsorbs one molecule of 0 2 per active sitel). I therefore attempted to 
construct a practical model for 0 2 uptake in horticultural commodities based on the adsorption theory 
proposed by Langmuir 14). 


_ abpp 
l + apo 


•d) 


It is generally assumed that in the respiratory depression by CO 2 , the CO 2 molecule induces the 
metabolic inhibition of organic acids in the TCA cycle which is one of the most important steps in the 
respiratory process4,8,19). The inhibition decreases the formation of NADH and FADH 2 which are 
produced from NAD+ and FAD. As a result, the desorption of the 0 2 molecule in the final step of the 
electron transport chain is indirectly reduced2). Eq. 1 is modified to rate Eq. 2 for O 2 uptake 17) as 
follows: 


abPp 

l+ap 0 +aip 0 p c 


.( 2 ) 


On the basis of the transition state theory7, 18), the maximum 0 2 uptake rate b in Eq. 1 or 2 is expressed 
as follows: 
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NtT e -§ 

Lh 


.(3) 


When the temperature dependence of the rate parameters a and i is assumed to be much lower than the 
dependence of b, the 0 2 uptake rate of a horticultural commodity for storage is calculated using Eqs. 1 
(or 2) and 3. 

2) Respiration rate parameters 

Eq. 1 is modified to a linear form given as follows: 


£o_ = 
Jo 


1 1 

- + ~Po 

ab b 


(4) 


The values of a and b are obtained from the slope b~ l and the intercept (cib ) _l of Po'J(f l vs Po pl° ts - 
Eq. 2 can be modified to a linear form as given below: 



1 1 

— + - 

b abp 0 



•(5) 


Equations for the calculation of the parameters a , b and i are derived from Eq. 5 as follows 17): 


. - C lA ~ C 2^2 

A/’afe-Q) 

b= 

QA “ C2P2 
. _ Bin 2P2) 

ClA “ C 2P2 

A linear form of Eq. 3 is given as follows: 


V 

AG , 

'Mr' 


= --+ In 


T 

\ / 

RT 

Lh 

\ / 


.( 6 ) 

(7) 

( 8 ) 


(9) 
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3) Changes in atmosphere in a MAP system 

Mass balance equations of 0 2 , C0 2 and N 2 gases in a MAP system are expressed by the following 
equations 10): 


= ~Pc) + J c W 


^ V N _ {„ 

dt x K9h] 


.( 10 ) 


.(ii) 


■Pm) 


• ( 12 ) 


Temperature dependence of a gas permeability coefficient of a polymeric film is expressed by the 
Arrhenius equation as follows22): 


P< =F<e 


RT 


.(13) 


Respiratory quotient ( RQ ) is defined as follows: 

Q = f 
J 0 


• (14) 


Atmospheric change with time in a MAP system included in a practical temperature range for storage of 
horticultural commodities is simulated by solving Eqs. 1 (or 2), 3 and 10-14 simultaneously by the 
Runge-Kutta method using a microcomputer. 


Hm ateri; 

a 


aterials and methods 
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® 1...26): References 

—Materials and methods. 

1) Horticultural commodities 

Head cabbage (variety YR-Aoba), head lettuce (variety Cisco), tomatoes (variety Momotaro) and broccoli (variety Naomidori) were 
purchased from a wholesale market in Takamatsu (Kagawa Prefecture, Japan). 

Head cabbage was shredded into 1 mm wide slices with a cooking cutter (CQ-34R, Toshiba, Inc., Tokyo, Japan). The shredded cabbage was 
washed twice in a stainless-steel pan and rinsed for 1 min using a water sprinkler. The water adhering to the surface of the cabbage was 
removed by centrifugation (64.1 m s~ 2 for 30 s). Head lettuce was shredded into 30" 30 mm (900 mm 2 ) fragments with a kitchen knife. The 
shredded lettuce was treated by the same method as the shredded cabbage after shredding. 

2) Measurement of 0 2 uptake and C0 2 production rates 

Oxygen uptake and CO 2 production rates of horticultural commodities were measured by the method of Jurin & Karel 10) under gaseous 
environments including the combination of 5 levels of 0 2 [2, 5, 10, 15 and 21% (partial pressures of 2.03, 5.07, 10.1, 15.2 and 21.3 kPa 
under 101.325 kPa)] and 3 levels of C0 2 [0, 3, and 9% (partial pressures of 0, 3.04 and 9.12 kPa under 101.325 kPa)] balanced with N 2 . 

3) Measurement of 0 2 and C0 2 concentrations in a MAP system 

A low density polyethylene (LDPE) pouch (thickness 0.025 mm, effective area 0.072 m 2 ) was used for the MAP test with shredded cabbage 
or shredded lettuce. Oxygen, C0 2 and N 2 permeability coefficients of LDPE were determined by the method of Makino & Hiratal6) at 5, 15, 
20 or 30. The data of the permeability coefficients were analyzed by linear regression using the linear form of Eq. 13 
[\n(Pi)--Ei-(RT) ] +\n(Fi )\. 

The prepared shredded cabbage (0.06 kg) and shredded lettuce (0.08 kg) were enclosed in LDPE pouches. When shredded lettuce was 
enclosed, a small package of C0 2 scrubber (Ageless C®, Mitsubishi Gas Kagaku, Inc., Tokyo, Japan) was also enclosed in the pouch because 
it is desirable that lettuce be stored under 0% C0 2 5). The pouch was stored for 3 d (shredded cabbage) or 6 d (shredded lettuce) at 10. The 
void volume of the pouch was determined based on water displacement. Oxygen and C0 2 concentrations within the pouch were periodically 
measured during storage by gas chromatography. 

Data for the changes in the gas concentrations in the LDPE pouch over time were compared with the simulated values to estimate the 
practical effectiveness of the model equations proposed in the present study. 

—Results and discussion. 

1) Suitability of the 0 2 uptake model for respiration in horticultural commodities 

Fig. I (26KB) shows the relationship between p 0 - Jo 1 and p 0 of the experimental data of 0 2 uptake for shredded lettuce, tomatoes and 
broccoli, and of the published data for apples6), broccolil5), bananasl3), and blueberries3) with linear regression lines. The correlation 
coefficients were found to be in the range of 0.94 to 1.00, which were significant at 99.9% level of Fisher's z-transformation method, 
suggesting that Eq. 1 may be applied for the prediction of the 0 2 uptake rate of many kinds of commodities. Eq. 1 is a simplified 
mathematical form of the enzyme kinetic model proposed by Lee et al. 15). The validity of this mathematical form has already been 
demonstrated by Lee et al. 15). In this study, I observed that the same mathematical equation form can be derived using either the enzyme 
kinetic theory or the adsorption theory, as the control mechanism. 

Fig. 2 (29KB) shows the relationship between J 0 ~ l and pq in the experimental data of 0 2 uptake for shredded cabbage, tomatoes, and broccoli 
in this study, and those in the published data for broccolil5). The value of J 0 ] for broccoli obtained in this study was larger than that 
obtained in the literature 15), presumably due to the difference in the experimental temperature: 16°C in this experiment, and 24°C in the 
literature. Kader et al.l 1) reported that temperature and/or cutting treatment affect(s) the respiration rate of horticultural commodities. The 
correlation coefficients between the experimental data and the straight fit lines were found to be in the range of 0.587 to 0.902, values 
significant at 95% level of the Fisher's z-transformation except for one coefficient. These findings suggest that Eq. 2 may be applied for the 
prediction of the 0 2 uptake rates of the 3 kinds of horticultural commodities. The 0 2 uptake data from the literaturel5) for broccoli at 12.7 
kPa of 0 2 partial pressure resulted in a correlation coefficient which was not significant at the 95% level. However, the experimental data 
substituted in Eq. 5 were obviously linear as shown in Fig. 2. 

The validity of Eq. 2 as a rate equation was demonstrated in the present study as shown in Fig. 2. Eq. 2 is a simplified mathematical form of 
the enzyme kinetic model with uncompetitive inhibition. The validity of this mathematical form has already been demonstrated by Lee et 
al. 15) for the aerobic respiration of horticultural commodities. In this study, I observed that the same mathematical form equation describing 
the control mechanism can be derived using either the enzyme kinetic theory or the adsorption theory. The uncompetitive inhibition is 
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defined as the direct inhibition of the enzymic activity where an inhibitor binds to the enzyme-substrate complex but does not bind to the free 
enzyme24). Lee et al. 15) approximated the respiration rate of horticultural commodities with an uncompetitive inhibition model. However, 
many authors concluded that the mechanism for CO 2 inhibition of O 2 uptake in some way interferes with organic acid metabolism, which is 
an indirect effect 19 ). Such indirect effects are not compatible with mathematical modeling of respiration rate equations at a mechanistic level. 
The macroscopic approach, such as adsorption theory, which was applied to derive Eq. 2 may be more suitable for expressing complex 
biochemical reactions. 

The 0 2 uptake rate data for shredded cabbage and shredded lettuce obtained in this study and for blueberries and raspberries obtained from 
the literature3,9) are shown in Figs. 3 and 4 (68KB) with calculated linear regression lines. The uptake rate rose with the increase of O 2 partial 
pressure, decrease of C0 2 partial pressure, and rise of temperature in the environment surrounding the commodities. The trend was in 
agreement with that described in the previous report 12), supporting the assumption that the O 2 uptake rate data obtained in this study are 
suitable for the analysis of the temperature dependence of the 0 2 uptake rate of the commodities. 

Values of \oQj-T- 1 ) calculated from the values of the maximum 0 2 uptake rate parameter b for various products are shown in Fig. 5 (18KB). 
The results indicate that the values of ln(£>-T Ll ) were linearly correlated with the reciprocal of absolute temperature. These observations 
suggest that Eqs. 3 and 9 can be used for the analysis of the temperature dependence of the CL uptake rate of horticultural commodities. In 
the previous reports, Karel and Gol3) and Song et al.23), applied the Arrhenius equation to express the respiration rates of pre-climacteric 
hard green bananas, cut broccoli and blueberries, respectively. I applied Eq. 3 derived from the transition state theory. The correlation 
coefficients in Fig. 5 indicate that the proposed Eq. 3 is suitable for the 0 2 uptake rate. The proposed Eq. 3 is composed of Boltzmann's 
constant k, Planck's constant h, Avogadro's constant L and gas constant R which are generally adopted in the physicochemical field except for 
the symbol N. These findings suggest that Eq. 3 is more suitable than the Arrhenius equation for describing the temperature dependence of 
the O 2 uptake rate from a theoretical viewpoint. 

2) Simulation of dynamic changes in atmosphere in MAP systems for horticultural commodities 

Experimental data and simulation results for the changes in the 0 2 and C0 2 concentrations over time in the MAP systems for shredded 
cabbage and shredded lettuce are shown in Fig. 6 {21KB). The simulation results obtained by using the parameters presented in Tables 1 and 2, 
indicated by the full lines, were in good agreement with the experimental data. These facts suggest that the model derived from the Langmuir 
adsorption theory, mechanism of the depression of respiration caused by C0 2 and the transition state theory is suitable for expressing the 0 2 
uptake rate of horticultural commodities as well as for the evaluation of the parameters, gas permeability coefficients and RQ. 


Table 1. Oxygen uptake rate parameters for horticultural commodities 

Commodity 

3 G 

N 

a a > 

i a ) 

Qa) 

Shredded cabbage 

8.81x10 s 

7.74xl0 ls 

3.09 

0.0691 

0.853 

Shredded lettuce 

7.28x10 s 

3.50x1016 

0.0532 

0.0838 

0.962 

a): Average in the range of 5 to 30. 


Table 2. Gas permeability parameters for a low density polyethylene film 

Gas 

m 

Fi 

0 2 

4.74 x 10 s 

5.42 

co 2 

4.81 x 10 s 

44.8 

n 2 

3.74 x 10 s 

0.126 


Morales-Castro et al.20,21) calculated the changes in the O 2 and CO 2 concentrations over time in the MAP systems for sweet com and head 
lettuce using respiration models suitable for changes in temperature. The respiration models were constructed by the non-linear regression 
analysis which is an empirical approach. Deviation of the experimental results from the simulated results was larger than that in this study. It 
is suggested that the simplified model proposed in this study is more effective for the design of the MAP systems than the model(s) reported 
in the literature. 
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—Conclusions. 

An O 2 uptake model based on Langmuir adsorption theory was found to be suitable for the analysis of the actual data of O 2 uptake of 
shredded lettuce, tomatoes and broccoli obtained in this study and of apples, broccoli, bananas and blueberries obtained in the literature. An 
0 2 uptake model under an atmosphere with C0 2 based on the assumption that C0 2 gas inhibits the oxidation of the organic acids in the TCA 
cycle predicted well the actual rates for shredded cabbage, tomatoes and broccoli. The validity of the transition state theory for explaining the 
temperature dependence of the O 2 uptake rate of shredded cabbage, shredded lettuce, blueberries and raspberries was demonstrated in this 
study. Simulation of changes in 0 2 and C0 2 concentrations over time in a MAP system for shredded cabbage or shredded lettuce was in 
good agreement with the experimental data. The model equations proposed in this study can thus be used for the design of MAP systems. 
Notations 

a: O 2 uptake rate parameter (kPa _1 ) 

A: effective area of a packaging film (m 2 ) 
b: maximum 0 2 uptake rate (mmol kg 1 h 1 ) 

B\ constant (kg h mmol 1 kPa _1 ) 

C: constant (kg h mmol 1 ) 

E\ energy of activation for gas permeation (m 2 kg h 2 mmol" 1 ) 

F: frequency constant (mmol m 1 h 1 kPa 1 ) 
h: Planck's constant 3.976 x 10" 32 m 2 kg h 1 
i: O 2 uptake rate parameter (kPa 1 ) 

J: uptake or production rate of a gas in a horticultural commodity (mmol kg 1 h 1 ) 
k\ Boltzmann's constant 4.97 x 10" 20 m 2 kg h 2 K 1 
L : Avogadro's constant 6.022 x 10 20 molecules mmol 1 

N: total number of active sites for O 2 uptake in a horticultural commodity (molecules kg -1 ) 
p: partial pressure of a gas in the environment surrounding a horticultural commodity (kPa) 

P\ permeability coefficient of a gas through a plastic film (mmol nr 1 h _l kPa 1 ) 
q\ partial pressure of a gas outside of a MAP system (kPa) 

Q: respiratory quotient (RQ) 

R\ universal gas constant 1.08 x 10 5 m 2 kg h -2 mmol 1 K 1 
t: storage time (h) 

T absolute temperature (K) 

v: amount of a gas in a MAP system (mmol) 

W: mass of fresh produce (kg) 

X\ thickness of a packaging film (m) 

3 G: Gibbs energy of activation for 0 2 uptake (m 2 kg h -2 mmol 1 ) 


Subscripts 

C, N, O: C0 2 , N 2 , 0 2 
i: symbol expressing C, N or O 
1, 2: level of 0 2 pressure 
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Fig. 2. Relationship between reciprocal of 0 2 uptake rate and partial pressure of C0 2 for shredded cabbage (O), 
broccoli (A) and tomatoes (□) based on the experimental data obtained in this study and for broccoli (O) in 
the literature 1 J) 

Open and closed symbols denote the data at 2.03 and 21.3 kPa 0 2 , respectively. 
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Partial pressure of C0 2 (kPa) 


. 3. Relationship between reciprocal of O, uptake rate and partial pressure of CO. for shredded cabbage (a) and 
shredded lettuce (b) at 5 (A). 15 (O). ‘‘0 (O) and 30 C (V) 

Open and closed symbols denote the data at 2.03 and 21.3 kPa 0 2 , respectively, on the basis of the 
experimental data obtained in this study. Solid and dashed lines denote the linear lines generated by the 
method of Makino ct al. 17 ’ in reference to the O. partial pressures of 2.03 and 21.3 kPa, respectively 
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Fig.4. Relationship between p 0 J 0 ' x and partial pressure of O, for blueberries (a) and raspberries (b) at 0 (A), 5 
(O),l0 (O), 15 (V). 20 (□) and 25'C( + ) on the basis of the data obtained in the literature 1 
Solid lines denote the linear regression lines. 
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Fig. S. Relationship between ln(/>T’) and reciprocal of absolute temperature for shredded cabbage (O), shredded 
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Fig. 6. Measured changes in concentrations of O, (O) and COj (A) in modified atmosphere packaging (MAP) 

systems for shredded cabbage (a) and shredded lettuce (l) 

Simulated results arc indicated by the full lines. Initial amount of O,. CO ; and N, molecules in the 
systems are 3.16.0 and 11.7 mmol (a) and 7.37.0 and 27.4 mmol (b), respectively Partial pressures of 
Oj, CO, and N ; outside of the systems are 21.3. 0 and 79.0 kPa, respectively 

lL k 
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—Abstract. 

To demonstrate the infection of pigs with helminths in the Mekong Delta, an investigation into the actual 
conditions was carried out in the area. A total of 87 pigs from 38 farms were examined for the presence 
of the helminths. Eggs of common nematodes, ( Ascaris suum, Metastrongylus spp., Oesophagostomum 
spp., Trichuris suis and Strongyloides ransomi ) present in Japan, were detected. Especially, since the 
morbidity rate of A. suum infection was very high, the effect of the Ascaris infection on pig growth was 
investigated. As a result, economic loss was estimated at US$2.0/head. In addition, infection with 
Fasciolopsis buski , which does not occur in Japan, was detected in 4 pigs from 4 small farms. These 4 
pigs were give water spinach as a supplemental feed. It was suggested that this vegetable played an 
important role in F. buski infection and that the fluke infection was one of the zoonoses. Infection with 
this fluke in human can be anticipated, because most of the inhabitants ate this vegetable in the Mekong 
Delta. 

Discipline: Animal health 

Additional key words: Ascaris suum, zoonosis, anthelmintic, economic loss 
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—Introduction. 

The Mekong Delta is an important region for the pig production industry in Vietnaml 1). The pig 
production is conducted in small farms in integrated farming systems or in the Vuon-Ao-Chung (VAC) 
system combining agriculture, animal husbandry and fisheries for feed from agricultural by-products. 

The economic efficiency of these farms is very low and the income of the farmers is also low6). To 
increase the productivity of pigs and farmers' income, it is important to prevent the occurrence of various 
problems relating to feeds and diseases 18). It is considered that helminthic diseases are associated with 
the low productivity and cause economic loss in the VAC system8). 

On the other hand, helminthiosis may be an important zoonosis in the VAC system, because many 
intermediate hosts of helminths, such as snails, crabs or small fishes, occur in this area in which 
marshlands, small rivers, ponds and rice fields are located. 

The objective of the present studies was to identify the swine helminthiosis including zoonotic 
trematodes in the VAC system. Therefore, we investigated Ascaris suum infection and Fasciolopsis buski 
infection in the Mekong Delta. 

—Materials and methods. 

1) Surveys of helminths 

Sampling sites: Eighty seven fecal samples were collected from pigs in 38 farms in the VAC systems 
(Fig. 1(29KB)) in the Mekong Delta area. Feces (50-100g each) were packed in plastic bags and stored in 
a refrigerator until the examination. We also determined which feeds were given as supplement in the 
farms. 

Detection of eggs: The Watanabe sedimentation methodl9) was applied to detect eggs. Counts of eggs 
per gram (EPG) were carried out to estimate the degree of parasitism by using Dennis method5) for F. 
buski. The effect of anthelminthics on A. suum was estimated using McMaster EPG counting plate, if 
necessary. 

2) Use of scanning electronmicroscope (SEM) for morphological studies of F. buski 

Several flukes collected from slaughterhouses were fixed in 10% phosphate-buffered formalin and 
washed 3 times in 0.1 M phosphate buffer. After dehydration in ethanol, the fluke materials were 
subjected to isoamyl acetate immersion, critical point drying and coating with gold. The fluke specimens 
were observed with a scanning electronmicroscope (SEM, JEOL, JSM-5300). 

3) Experiment on effect of Ascaris infection on pig growth 

Pigs: Six pigs weighing approximately 40 kg were used. They were littermates and crossbreds of Ba 
Xuyen and Yorkshire from the Experimental Animal Farm of Can Tho University. They were positive for 
the A. suum eggs. 

Experimental design: Group 1 consisted of 3 pigs treated with 1 mL per 15 kg of Polystrongle (injectable 
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form Tetramizole hydrochloride, France). Group 2 consisted of 3 untreated pigs. Their body weight was 
checked biweekly for 12 weeks. EPG count was carried out every day using McMaster egg counting 
plate for 10 days after treatment. A. suum eggs were also checked by the sedimentation method every 
week. All the animals were raised under the standard management applied in the animal farm of the 
university. 

Pathological examination: Pigs from the 2 groups were necropsied 12 weeks after the onset of the 
experiment. At necropsy, middle parts of the small intestine were fixed in 10% formalin. For histological 
examination the tissue samples were embedded in paraffin wax, sectioned and stained with hematoxylin 
and eosin (HE). 

4) Ovicidal effect of biodigester 

Samples containing F. buski eggs were collected from the inlet and outlet of the biodigester (Fig. 1). 
Each sample of the fluke eggs was washed in tap water and vibrated to remove the debris around the 
eggs. Then, the egg samples were transferred into Petri dishes with water and incubated at 29 for 15 
days. After the incubation, the eggs which did not develop to the next stage (or miracidium) were 
considered to be dead eggs. The eggs of A. suum were also incubated by the same method to examine 
their activity. 
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—Result. 

1) Surveys of helminths in the Mekong Delta 

Eggs of A. summ were detected in 51% (44) of 87 pigs, Metastrongylus spp. in 14% (12), Trichuris suis in 26% (23), Oesophagostomum spp. in 14% 
(12), Strongyloides ransomi in 5% (4) and F. buski in 5% (4). There were distinct differences between the regions surveyed in the infective rate of A. 
summ. The rate of this nematode in the pigs from 12 farms near Can Tho University was 100%, whereas about 30% in other regions. 

Eggs of F. buski (Fig. 2(23KB)) were detected in the feces of 4 pigs from 4 farms. All the pigs infected with this fluke had eaten water spinach 
(Ipomoea aquatica ) as supplemental feed (Fig. 3(21KB)) . In 3 pigs, the EPG count was 10 or less. However, a sow with severe constipation had an EPG 
count of more than 1,000 in the feces. The snails which were intermediate hosts of the flukes (Gyraulu sp. and Indoplanorbis sp.) were detected in 
marshlands, ponds, small rivers and rice fields near the pig pens in the VAC systems. Furthermore, other snails (Lymnaea sp. and Pila sp.) also 
occurred in the same areas (Fig. 4(20KB» . 

2) Morphology of F. buski 

The eggs of F. buski were yellowish ellipsoidal and 130-140 x 80-85 'AM in size. They were very similar to the eggs of Fasciola gigantica (Japanese 
type). The F. buski flukes in pigs from slaughterhouses were 2.0-4.4 x 0.5-2.0 cm in size. Several adult flukes were detected in the intestine (Fig. 
5(30KB)) . Under the scanning electronmicroscope an oral sucker, genital atrium and ventral sucker were observed (Fig. 6(43KB )) . The middle part of the 
of the ventral surface of the body showed a crocodile skin appearance (Fig. 7(68KB)) . In the tail of the fluke, the excretory bladder opened near the 
posterior extremity of the body (Fig. 8(68KB)) . 

3) Effect of A. summ infection on pig growth 

In 6 pigs of the 2 groups, only A. summ eggs were detected in the feces. In 3 pigs of the treated group, adults of A. summ were eliminated within a few 
days after treatment with Tetramizole, and the EPG of this nematode reached a zero value (Table 1). However, since A. summ eggs were found again 6 
weeks later, treatment was resumed. While the growth rate of the untreated pigs was low, the growth rate of the treated pigs improved (Fig. 9(22KB» . 

In the untreated group, the small intestine of an emaciated animal contained 12 Ascaris (Fig. 10(25KB)) . The pig infected with A. summ showed a low 
weight gain (Table 2). The growth of the untreated pigs which reached a weight of 80 kg was delayed by 2 weeks compared with the treated pigs. 
Anorexia and diarrhea were not observed in pigs of both groups during the examination. 


Table 1. Change i 

n egg counts in 

feces of pigs after Tetramizole treatment 













Days after treatment 





Group 

Pig No. 











1 

2 

3 

4 

5 

6 

7 

8 

9 

10 



Treatment 

1 

800a) 

0 

0 

0 

0 

0 

0 

0 

0 

0 


2 

900 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3 

300 

100 

0 

0 

0 

0 

0 

0 

0 

0 

Control 

4 

700 

800 

900 

800 

800 

1,000 

900 

1,100 

900 

1,100 

No treatment 

5 

800 

900 

800 

800 

800 

800 

800 

900 

1,000 

1,000 


6 

400 

400 

400 

400 

400 

400 

400 

400 

400 

600 

a): Number of eggs per g in feces. 


Table 2. Body weight of treated and untreated pigs (Unit: Kg) 

G"" P 

Pig No. 

Weeks after treatment 

0 

2 

4 

6 

8 

10 

12 

Treatment 

! 

37 

44 

51 

60 

79 

81 

89 


2 

40 

45 

52 

60 

70 

82 

89 


3 

39 

44 

51 

58 

68 

80 

90 

Control 

4 

41 

46 

52 

59 

66 

74 

82 

No treatment 

5 

39 

44 

50 

57 

64 

72 

81 


6 

42 

46 

51 

58 

66 

69 

72 


Macroscopically, there were a few petechial hemorrhage on the pulmonary pleura and white spots on the liver's capsule in the untreated pigs. These 
changes were less conspicuous in pigs of the treated group. One (No. 4), two (No. 5) and four (No. 6) adult worms were found in the middle part of the 
duodenum from untreated pigs and the lumen of the intestine become enlarged due to the presence of A. summ (Fig. 11(14KB)) . Microscopically, the 
intestinal villi were depressed by A. summ infection and epithelial cells desquamated in the duodenum where the worms occurred. Eosinophils 
infiltrated the lamina propria (Fig. 12(37KB)) . 
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—Result- 


4) Ovicidal effect of biodigester 

After processing by the biodigester, eggs of A. summ which were collected from the outlet of the biodigester survived in the incubator. On the other 
hand, all the eggs of F. buski were inactivated by biodigester processing and they were not hatched. 

—Discussion. 

Survey of the helminths disclosed that various eggs of helminths were detected in the Mekong Delta. Results of the investigation showed that the 
infection rate of lung worms ( Metastrongylus spp.) was low. However, swine metastrongylosis is an important cause of swine pneumonia and disturbs 
their growth9). Therefore, it is very important to control this disease in order to increase the productivity of pigs and farmers'income in this area. 

Although there are many studies on the biology of F. buski in Asian countries, the actual condition of this trematode in Vietnam has not been 
determined 10). We observed this fluke under SEM and the morphological characteristics of F. buski were demonstrated. It is interesting to note that 4 
pigs which ate water spinach given as a supplemental feed were infected with F. buski. This vegetable may thus play an important role in F. buski 
infection. Since many people eat water spinach in the Mekong Delta, human may possibly become infected with the fluke. In the small VAC system, a 
snail of Pila sp. which is the intermediate host of Angiostrongylus cantonensis and a snail of Lymnaea sp. which is the intermediate host of Fasciola sp. 
were detectedl6). Judging from the disappearance of fluke eggs in the outlet of a biodigester in VAC systems, it is likely that the biodigester 
contributes to the control of zoonoses, such as fasciolopsiosis, paragonimiosis or fascioliosis. It was considered that the inactivation of F. buski eggs 
may be due to the temperature and also to the effect of ammonia in the biodigester, since fluke eggs were susceptible to a low concentration of 
ammonial2,22). The highest temperature in the tube type of biodigester was approximately 452) and F. buski eggs were killed at 50 after 4 hours in 
an experiment21). 

As A. summ eggs were detected again at 6 weeks after Tetramizole treatment, the treatment was resumed. After ingestion of A. summ eggs, about 9 
weeks were required for the development of the adult stage 13). Therefore, it is considered that this anthelminthic was effective in the adult stage of the 
nematode in the intestine, but not in the immature stage. Comparison of treated and untreated pigs showed that the growth rate of the untreated pigs 
was very low and this nematode infection might be a cause of heavy economic losses for the farmers. Anderson et al.3) reported that the growth rate 
decreased to 20% after Ascaris infection in Denmark. Calculations showed that the economic loss was about 25,000 Don Vietnam (about US$2.0) per 
head in an experimental farml7). Low nutrition level including deficiency in protein and vitamin A may exert more deleterious effects on the infected 
hosts7). If farmers use anthelminthic therapy for their pigs, the growth period of the pigs may be shortened at least by 2 weeks. Total cost for the 
treatment was about 5,000 Don Vietnam. It may be necessary that the farmers use anthelminthics in order to increase productivity. Bossaler et al.4) 
pointed out that the treatment of parasites contributed to the production of good quality meat. 

One untreated pig which was clinically thin and infected with 12 A. summ showed moderate pathological changes. The main pathogenetic mechanism 
of ascariosis may involve physical stimuli20) and the effects of inhibitors of host pepsin, trypsin, chymotrypsin, and carboxypeptidases which are 
contained in the extract of A. summY). Intestinal ascariosis directly interferes with the absorption of protein, fat, and carbohydrates 14). Larval migration 
caused "white spots in the liver" and "thumps in the lungs." In the primary phase of severe infection, the growth rate of the pigs decreasedl5). 

Lurther examinations should be carried out to identify the presence of other zoonotic parasitoses and to determine the relation between the presence of 
parasites and the economic losses in the VAC system. 
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Fig.3. Water spinach used as supplement for feed in a farm 


Fig.2. F. buski (right) and A. suum 
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Fig.4. Intermediate hosts detected in VAC system 
a; Indoplanorbis sp., 
b; Gyraulus sp., 
c; Lymnaea sp., 
d; Pila sp 

Left bar indicates 3 mm an right one 15 mm. 
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Fig.5. Adult of F. buski worms collected from a slaughterhouse 

Sack 
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Fig. 10. Small intestine and Ascaris worms from No.6 pig (untreated group) 
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Fig. 11. Transverse section of the middle part of the duodenum of 3 infected pigs 
Left; intestine containing with 1 worm, middle; 2 worms, right; 4 worms 
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Fig. 12. Histological specimen of middle part of duodenum in a pig infected with 4 worms 

Severe desquamation of epitelium and cellular infiltration of lamina propria. 

HE staining x 150, bar indicates 35 l Am. 
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—Abstract. 

Impact of fruit tree incorporation into farming systems on employment and income in the hill region of Nepal was analyzed, by 
applying the Gini decomposition analysis as a case study. In the study village, the introduction of orange production reduced 
employment opportunities in farming by 10% as a whole. The effect was most conspicuous for female labor (both family and 
hired) which decreased by 20%, while the use of hired male labor increased by 10%. It appears that the farm size was the major 
factor for the introduction of orange cultivation. Neither human resources (both quantity and quality) nor direct access to cash 
affected the dissemination of orange cultivation. Income from orange farming accounted for 44% of the total household income 
and for 56% of the total income inequality. Replacement of traditional upland crops by commercial orange may have worsened the 
income distribution, though absolute income increase might be significant. No villagers participated in marketing activities of 
orange, which has a large potential of employment and income generation. To further promote rural development focusing on the 
poor, use of labor for postharvest activities such as marketing and processing is recommended. 

Discipline: Agricultural economics/Crop production/Horticulture 

Additional key words: Gini decomposition analysis, mandarin orange, less-favored area 
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—Introduction. 

The hill region of Nepal, which supports nearly half of the nation population, has been facing environmental degradation due to 
increasing population pressure as well as expanding cultivation and overgrazing. In this context, incorporation of high value fruit 
trees such as citrus into the farming systems could be an alternative to improve the welfare of small farmers without impairing the 
resource base. As the access to urban market improved, commercial production of mandarin orange has increased in some of the 
hill regions since the mid-1970s. This paper aims to clarify the impact of the incorporation of commercial orange production into 
the existing farming systems. 

First, we describe the agrarian conditions of the study village, then compare the labor use between traditional and new cropping 
systems. In the third section, impact of income distribution of orange is examined. We conclude with policy implications for rural 
development in less-favored areas. 

—Data and methods. 

An in-depth household survey was conducted in 2 villages in Kavre district, central mid-hill region, in 1993. Farmers from 
randomly sampled 125 farm households were interviewed with a prepared questionnaire assisted by local resource persons. The 
field visits and group discussions with local key informants and some of the sample farmers were combined to verify the data 
collected. 

The data of 1 village where orange is well disseminated were analyzed in this study. The sample size was reduced to 51 from 
originally surveyed 60 due to incompleteness and low reliability of some data. 
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—Agrarian conditions and cropping systems in the study village. 

The study village is located 50 km east of Kathmandu, the nation capital. This site has a moderate slope with a south-facing aspect 
at 1,300 to 1,600 m above sea level. The climate is warm temperate, ranging from 7°C in December-January to 30°C in April to 
September. The annual precipitation is about 1,300 mm. Within the village there is a great deal of microclimate variation due to the 
topography, altitude and the slope orientation. 

Rough description of land use is presented in Table 1. The data from group discussions with key informants revealed that one-th ir d 
of the village land is classified as lowland (Khet in Nepalese) for rice cultivation. Upland (Bari) accounts for about 40% in which 
annual crops grow in 16% and orange trees are planted in the remaining 24%. Privately owned forests or bushes account for only 
4%, while community forests and grazing lands occupy one-third of the village area. 


Table 1. Farmland use in the study village, Nepal, 1994 

Land type 

% 

Lowland (Khet) 

26 

Upland (Bari) 


Annual crops 

16 

Orchard (orange) 

24 

Private forests /bushes 

4 

Community forests and grazing lands 

30 

Total 

100 

Source: Informal survey, 1994. 


Table 2 shows the size distribution of farmland holdings of the sample households. All of them were owner farmers. Tenant 
farming is seldom observed in the village, while at the national level 16% of the total farms are under tenancyl). Average farm size 
of 1.2 ha is equivalent to 0.96 ha of the national averagel). In terms of number, the middle-sized farms ranging from 0.51 to 2.00 
ha accounted for 73% in number and 62% in area. However, only 12% of farms with more than 2 ha accounted for 34% of the total 
area. This distributional structure resulted in highly skewed land holdings with a Gini coefficient of 0.70 compared with the 
national figure of 0.521). 


Table 2. Size distribution of farmland holdings of sample farms in the study village, Nepal, 1993 


Area (ha) 

Number of 
farms 

Share (%) 

In number 

In area 

-0.50 

8 

16 

4 

0.51 - 0.75 

10 

20 

11 

0.76-1.00 

10 

20 

14 

1.01-2.00 

17 

33 

37 

2.01 - 

6 

12 

34 

Total 

51 

100a) 

100 

Total area (ha) 

61.35 



Average (ha) 

1.20 



Gini coefficient 

0.70 




a): Round error. 

Source: Household survey,1993. 

Under rainfed conditions, seasonal distribution of rainfall is the major determinant of cropping systems. The wet season in this area 
extends from May to October with a rainfall peak in July-August as shown in Fig, 1( 31KB). In the lowland, rice is transplanted in 
July and harvested in November. Immediately after rice harvest, wheat is planted then harvested in April-May. In the upland, 
maize is planted in April and harvested in September. After maize harvest, farmers plant wheat or mustard or both. Orange is 
planted in July only once in its life cycle and starts bearing fruits after 6-7 years. In August-September, weeding is performed in 
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the orchard. Harvest season of orange falls in December-January. 


Though the initial introduction of a few orange trees in the village dates back to nearly 100 years ago by a government official 
working at the Royal Palace in Kathmandu, commercial cultivation started only after 1974 when the government organized a mass 
campaign for the dissemination of new agricultural technologies. The government provided seedlings, input materials with 
subsidies and credit for fruit production in the hill regions. Some innovative resource-rich farmers quickly adopted orange 
cultivation at that time. However, the majority of the small farmers could not adopt immediately the cultivation of this crop, due to 
risks of long-term investment and low technical confidence. After observing the success of orange production by neighbor farmers, 
the followers gradually introduced this new commercial crop as a substitute for subsistence crops such as maize, wheat, mustard 
and millet in the upland. Mutual exchange of planting materials and technical know-how among farmers played a crucial role in 
wider dissemination. Initial capital mainly originated from informal sources such as relatives and middlemen3). 

—Impact of orange production on employment- 

To determine how the introduction of orange cultivation affected the employment of the village farmers, we compared the cases of 
farmers who cultivated or did not cultivate orange. Labor input per ha by cropping system is presented in Table 3. The rice-wheat 
system was found to be the most labor-absorptive system followed by the maize-wheat/mustard system, while perennial orange 
required the least labor input. In terms of employment status (family vs. hired), rice-wheat system has a neutral feature in which 
family and hired labor is almost evenly distributed, while it is slightly male-biased, as male labor accounted for 60% of the total. 
Comparison between the maize-wheat/mustard system and orange, shows that total labor used in the latter system was only 66% of 
that in the former, while the latter slightly relied on more hired labor (42 vs. 53%) and consisted mainly of male labor (44 vs. 

71%). 


Table 3. Labor input of major cropping systems in the study village, Nepal, 1993 



Lowland 


Upland 


Rice-Wheat 


Maize-Wheat/Mustardb) 

Orangec) 


-man-days/ha (%)- 

Family labora) 

173 (53) 


141 (58) 

76 (47) 

Male 

9(28) 


63 (26) 

51 (32) 

Female 

83 (25) 


78 (32) 

25 (16) 

Hired labor 

153 (471 


103 (421 

85 (531 

Male 

68 (21) 


44 (18) 

62 (39) 

Female 

85 (26) 


59 (24) 

23 (14) 

Total 

326 (100) 


244 (100) 

161 (100) 


a) : Including unpaid exchanged labor. 

b) : Assuming that wheat and mustard are planted in 0.5 ha each. 

c) : Case of maturing trees 7 years after planting. 

Source: Household survey, 1993. 

Then to estimate the change in labor use at an absolute level, we calculated the labor input based on actual land use vs. the 
counterfactual one without orange (Table 4). In 1993, the sample farms actually cultivated a total of 56.2 ha in which 21.9 ha 
consisted of rice-wheat, 16.9 ha of maize-wheat/mustard and 17.4 ha of orange. Total labor input was estimated at 14,064 
man-days for this pattern of land use. We assumed that there was no technical change in farming practices, especially in terms of 
labor use, during the process of orange dissemination. Assuming that the maize-wheat/mustard system is practiced also in the 
actual orange area of 17.4 ha, labor input can be estimated at 15,509 man-days. From this simulation, introduction of orange 
cultivation might reduce employment opportunities in farming by 10% for the sample farms. However, the impact varied with the 
gender and employment status due to the difference in the labor use pattern among the cropping systems. Orange production might 
have reduced female labor by 20% (both family and hired), while increased hired male labor by 10% and not changed the family 
male labor. 

Table 4. Comparison of labor use in the study village, Nepal 
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Actual in 1993 
with orange cultivationa) 

Counterfactual 
without orange cultivationb) 

With/ without 
orange cultivation 


-man-days- 


Family laborc) 

7,494 

8,625 

0.9 

Male 

3,923 

4,132 

1.0 

Female 

3,571 

4,493 

0.8 

Hired labor 

6,570d) 

6,884d) 

1.0 

Male 

3,312 

2,998 

1.1 

Female 

3,259 

3,885 

0.8 

Total 

14,064 

15,509 

0.9 


a) : Rice-Wheat; 21.9 ha, Maize-Wheat/Mustard; 16.9 ha, Orange; 17.4 ha, Total; 56.2 ha. 

b) : Rice-Wheat; 21.9 ha, Maize-Wheat/Mustard; 34.3 ha, Total; 56.2 ha. 

c) : Including unpaid exchanged labor. 

d) : Round error. 

To analyze the economics of orange production, unique features of the tree crop must be considered. A typical economic life of 
orange tree is as follows3). The gross margin (gross products * cash expenditure) is negative until 6 years after planting of 
seedlings as the tree does not bear fruit. After 7 years, the gross margin becomes positive with increasing rate until the 14th year, 
then it starts to decrease gradually. Simple comparison of the gross margin between maturing orange trees (Rs. 71,000/ha) and that 
of maize-mustard system (Rs. 9,000/ha) is misleading considering the conditions mentioned above. However it maybe safe to state 
that orange production is much more profitable than traditional upland crop production. 
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—Effect on income distribution. 

We shall determine how highly profitable commercial orange farming affected the income distribution among the village farmers. Before 
analyzing the effect on income distribution, the factors that may promote orange adoption will be outlined. Table 5 shows the Pearson's 
correlation coefficient between the area planted with orange and various characteristics of sample households. Human dimensions of the 
farm such as age and educational level of household head, endowment of family labor (both farm and non-farm) were not related to the 
orange area. Neither rice yield, proxy of farming skill level, nor the non-farm income, indicator of cash access, affected the adoption of 
orange cultivation. It is obvious that the larger the farm size, the larger the orange area. The upland area in which orange can be planted 
as well as the lowland area, where trees can not grow, may affect the diffusion of orange. This fact suggests that households with secure 
supply of staple food such as rice could expand commercial production. 


Table 5. 

Correlation coefficient between orange-planted area and household characteristics in the study village, Nepal, 1993 



Correlation 

Probability 

Age of household head 

0.025 

0.859 

Schooling years of household head 

-0.002 

0.990 

Family farm-labor 

0.255 

0.068 

Family non-farm labor 

0.001 

0.995 

Upland area 

0.395 

0.004 

Lowland area 

0.765 

0.000 

Rice production 

0.612 

0.000 

Yield of rice 

-0.157 

0.286 

Non-farm income 

0.128 

0.367 


* Significant at 1% level. 


The high correlation between the farm size and orange production suggests that the diffusion of orange might have worsened the income 
distribution among the village farmers. To answer this question, we applied the Gini decomposition analysis2,6,5) that enables to 
quantify the contribution of each income component to the overall income inequality. Gini decomposition is formulated as follows: 


G(y)=S iR(y, xj GfXi), 
where y = Total household income 

G(y) = Gini ratio of total income, 
x i = Income from ith source, 

Si = Average income share of ;th source, 

R(y, x t ) = Rank correlation ratio, 

G(X{) = Gini ratio of ith income. 

The rank correlation ratio is defined as: 

R(y, x t ) = Cov[Xp r(y)] / Cov[Xi, r(x t )], 

where rfyjand r(x t ) denote the ranking of the household in terms of total income and income from /th source, respectively. R(y, Xj)= 1 if 
r(y)= r(xi). Otherwise R(y, Xj) is less than 1. In general, the larger the rank correlation ratio is, the larger the correlation between the 
ranking of total income and the ranking of component income. 

Thus the formula decomposes the total Gini ratio into 3 factors, namely, income share, correlation effect of total and component income 
and the Gini ratio of component income. As in the case of the study village, farm households in developing countries generally earn 
income from various sources. We can not determine to what extent a certain income component contributes to the overall income 
inequality by simply comparing the Gini ratio of each income. The component with a large Gini ratio may not contribute substantially to 
the overall income inequality if its share is quite small. Or even it may equalize the overall income distribution if its ranking is negatively 
correlated with that of total income. 

The results of Gini decomposition are presented in Table 6. Total income Gini ratio of 0.43 was significantly smaller than that of land 
holding (0.70 in Table 2). This finding suggests that various non-farm job opportunities which accounted for 26% of the total household 
income, including hired farm jobs, contributed to the leveling off of the economic status of the villagers. 

Table 6. Decomposition of income Gini ratio in the study village, Nepal, 1993 
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Income share 

Rank correlation 
ratio 

R(y, Xj) 

Component Gini 
ratio 

G(Xj) 

Component Gini 
contribution 

SiR(y, Xj ) G( Xj ) 

Rice 

0.24 (0.24) b) 

0.76 (0.72) 

0.40 (0.38) 

0.08 (0.07) 

Upland crops a) 

0.06 (0.07) 

0.50 (0.46) 

0.35 (0.37) 

0.01 (0.01) 

Orange 

0.44 (0.44) 

0.90 (0.88) 

0.61 (0.59) 

0.24 (0.23) 

Farm Wage 

0.02 (0.03) 

-0.16 (0.18) 

0.89 (0.89) 

-0.00 (0.00) 

Non-farm wage 

0.06 (0.06) 

0.25 (0.37) 

0.86 (0.87) 

0.01 (0.02) 

Small business 

0.12(0.10) 

0.67 (0.54) 

0.85 (0.84) 

0.07 (0.04) 

Formal job 

0.06 (0.06) 

0.66 (0.70) 

0.88 (0.89) 

0.03 (0.04) 

Total 

1.00 (1.00) 

- 

- 

0.43c) (0.41) 


a) : Wheat, maize and mustard. 

b) : Number in parenthesis is based on per capita income. 

c) : Round error. 

The major income source contributing to total income inequality was the income derived from orange cultivation. The highest income 
share (0.44) and r ank correlation ratio (0.90) resulted in the highest component Gini contribution (0.24), which accounted for 56% of the 
total income inequality (0.24/0.43). This finding is consistent with the fact that the orange-planted area was highly correlated with the 
farm size (Table 5). The contribution of rice income was the second largest, though its figure (0.08 or 19% of total Gini) was much lower 
than that of orange income. A previous study also revealed that even in a typical rice-dependent village, rice income does not play a 
major role in the overall income inequality7). Contribution of traditional upland crops (wheat, maize and mustard) was negligible (0.01 or 
2%) since its share in the total income (0.06), rank correlation ratio (0.50) and component Gini (0.35) was significantly smaller than that 
of orange and rice. These facts suggest that replacement of upland crops by orange may have worsened the income distribution. 


In contrast to the relatively lower component Gini ratio of farm income (0.35 to 0.61), that of non-farm income was much larger ranging 
from 0.85 to 0.89. However non-farm income, including farm wage income, as a whole accounted for only 25% of the total income 
inequality, while the remaining 75% was attributed to farm income. Farm wage income showed a highly skewed distribution with a 
component Gini ratio of 0.89 and a negative r ank correlation ratio (-0.16), indicating that the poorer the households, the more they 
engaged in hired farm jobs. Though this absolute figure was very small (less than 0.005), farm wage income contributed to equalizing the 
total household income distribution. The common non-farm wage jobs in the village include employment at local building construction 
sites, brick factory and porterage of milk and daily necessities to and from local markets. Small businesses include miscellaneous 
self-employed jobs such as carpenter, tailor and small trade. Opportunities to work in the formal sector in the village are limited to the 
jobs of government officials, teachers, trekking company, police and army both in Nepal and India. Income share of small businesses and 
formal jobs (0.18) was smaller than that of rice (0.24), though the component Gini contribution (0.10) was larger than that of rice (0.08), 
due to the larger component Gini ratio than that of rice (0.85, 0.88 vs. 0.41). 

—Conclusion. 

Introduction of profitable commercial orange production reduced employment opportunities in farming in the surveyed village by 10% as 
a whole. The effect was most conspicuous for female labor (both family and hired) which decreased by 20%, while the use of hired male 
labor increased by 10%. It appears that the area of both lowland and upland was the major factor for orange cultivation, though orange 
was planted only in the upland. Neither human resources (both quantity and quality) nor direct access to cash affected the dissemination 
of orange cultivation. Income from orange farming accounted for 44% of the total household income and for 56% of the total income 
inequality. Replacement of traditional upland crops by commercial orange may have worsened the income distribution, though absolute 
income increase might be significant. No villagers participated in marketing activities of orange, which has a large potential of 
employment and income generation. To further promote rural development focusing on the poor, use of labor for postharvest activities 
such as marketing and processing is recommended4). 
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Fig.l. Major cropping pattern in the study village, Nepal, 1993 
Jack 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/yokoyama/fig1.htm [10/7/2002 8:36:28 PM] 






















contents 


JARQ — Japan Agricultural Research Quarterly — Vol. 33 No. 3 (July 1999) 


Contents 

Distribution of Antimutagenic Components in Colored Sweetpotatoes 

Makoto YOSHIMOTO et al. 

Discrimination of Basidiomycete Species and Strains by Random Amplified Polymorphic 

Yasuhiro ITO, and Sonoe O.YANAGI 

DNA(RAPD) Analysis 


Determination of Optimal Spraying Tome for Chemical Control of Mulberry Scale, Pseudaulacaspis 

Akio TATARA 

pentagona (Targioni) (Hemiptera:Diaspididate) in Tea Fields 


Effects of Various Radiant Sources on Plant Growth (Part 1) 

Shinji TAZAWA 

Effects of Various Radiant Sources on Plant Growth (Part 2) 

Shinji TAZAWA 

Development of Respiration Models for Modified Atmosphere Packaging of Horticultural 

Yoshio MAKINO 

Commodities 


Helminths and Helminthiosis of Pigs in the Mekong Delta, Vietnam with Special Reference to 

Shinobu YOSHIHARA et al. 

Ascariosis and Faciolopsis buski Infection 


Impact of Fruit Tree Incorporation into Farming Systems on Employment and Income in the Hill 

Shigeki YOKOYAMA and Devendra GAUCHAN 

Region of Nepal 


Impact of Deperciated Currency on Agriculture in Thailand 

Minoru TADA 

Preliminary Report on Stable Isotope Ratio Analysis for Samples from Matang Mangrove Brackish 

Shigeo HAYASE et al. 

Water Ecosystems 



He 


irst Page of JARQ 


Hw hat's New a j 


I IRC AS Home Page 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/contents.htm [10/7/2002 8:36:30 PM] 




































Distribution of Antimutagenic Components in Colored Sweetpotatoes 

Distribution of Antimutagenic Components in Colored Sweetpotatoes 

Makoto YOSHIMOTO, Shigenori OKUNO, Tooru KUMAGAI, Maseru YOSHINAGA and Osamu 
YAMAKAWA 

Department of Upland Farming, Kyushu National Agricultural Experiment Station 
(Miyakonojo, Miyazaki, 885-0091 Japan) 

—Abstract. 

Antimutagenicity of the water extracts prepared from the outer or inner portion of storage roots (hereafter referred to as 'outer and/or inner portion') of 
4 varieties of sweetpotato differing in the flesh color was investigated using Salmonella typhimurium TA 98 to determine the distribution of the 
antimutagenic components. Analysis of anthocyanin pigments in both portions revealed a large distribution of anthocyanin pigments in the outer 
portion and showed that the content of cyanidin in the outer portion was higher than in the inner one. The strong antimutagenicity of Ayamurasaki 
outer portion was attributed chiefly to the high concentration of cyanidin. The extracts from the outer portions of Koganesengan, Sunny Red, and Joy 
White varieties showed an antimutagenic activity unlike the inner ones, suggesting that the antimutagenic component in the outer portions of these 
varieties was mainly associated with phenolics 

Discipline: Food 

Additional key words: antimutagenicity, anthocyanin, phenolics 
® 1...13): References 

(Received for publication, January 6,1999) 

—Introduction. 

Recently, new varieties of sweetpotato (Ipomoea batatas) differing in the flesh color have been released for new uses by the Kyushu National 
Agricultural Experiment Station. Several investigators have reported the presence of an antioxidative activity2), reduction of liver injury induced by 
carbon tetrachloride in rats7) and in man8) which consumed purple-colored sweetpotato juice. Our recent study indicated that the anthocyanin 
pigments purified from purple-colored sweetpotato effectively decreased the reverse mutations induced by purified mutagens such as Trp-P-1, Trp-P-2, 
IQ, B[a]P, and 4-NQO, and also by dimethyl sulfoxide (DMSO) extracts of grilled beef 13). The anthocyanin pigment from purple-colored sweetpotato 
is more stable than other anthocyanins from red cabbage, elderberry and purple com6). At present, the flour from Ayamurasaki variety has been 
developed as a material for noodles, bread, a new type of alcohol drink, and a food colorant. However the distribution of functional components in 
sweetpotato is not clear. The functional components are not necessarily distributed uniformly in the sweetpotato storage roots. For instance, calcium4) 
and phenolics 10) are abundant in the cortex of sweetpotato. Therefore it is important for effective application of sweetpotato to analyze the distribution 
of functional components such as nutritional or physiologically functional ones. 

In this paper, we describe the distribution of the antimutagenic components of the storage roots of sweetpotato differing in the flesh color. 

—Materials and methods. 

1) Sweetpotato materials 

Four varieties of sweetpotato differing in the flesh color, Koganesengan, Sunny Red, Joy White, and Ayamurasaki (Table 1) were cultivated in 1996 
under the same conditions in an experimental field at Miyakonojo (Japan). Harvested roots were cut into 2 portions and one half was used as the whole 
root. In the remaining half, the peeled outer layer (about 0.5 cm thick) as the outer tissue containing the skin and the cortex was separated from the 
inner portion without outer layer as the inner tissue, respectively. The peeled outer layer comprised all of the cortical region, which included the 
periderm, laticiferous ducts, and cambium. All the sections in each case were diced, lyophilized, and ground to flour. The flour samples were kept at 
-20 until use. 


Table 1. 

Effect of sweetpotato water extracts on the mutagenicity of Trp-P-1 against Salmonella typhimurium TA 98 a > 


Variety Flesh color Amount of extract (mg/plate) Inhibition (%) b 
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Distribution of Antimutagenic Components in Colored Sweetpotatoes 


Ayamurasaki 

Purple 

1.0 

41 



5.0 

55 



10.0 

62 

Koganesengan 

Yellow 

1.0 

0 



5.0 

0 



10.0 

5 

Joy White 

White 

1.0 

0 


5.0 

0 



10.0 

4 

Sunny Red 

Orange 

1.0 

5 



5.0 

9 



10.0 

8 


a) :Trp-P-l was added at a dose of 0.07514g/plate. Mutagenicity was tested with S-9 mix. 

b) :Each value represents mean +SD of triplicate plates. In the values shown, the spontaneous mutation frequency was subtracted. The His + reverent value of the control was 
625+12. 


2) Chemicals and bacteria 

Trp-P-1 was obtained from Wako Pure Chemical Industries Ltd. Chlorogenic acid (ChA) was purchased from Sigma Chemical Co. S-9 Fraction 
prepared from rat liver treated with phenobarbital and 5,6-benzoflavone and cofactors were purchased from Oriental Yeast Co., Ltd. Folin-Ciocalteau 
phenol reagent was purchased from Nacalai tesque, Inc. (Kyoto, Japan). Other chemicals used were of special grade. Strain TA 98 of Salmonella 
typhimurium was supplied by the Institute for Fermentation, Osaka, Japan (IFO). The bacteria were cultured in nutrient broth for 16 h at 37 before the 
mutagenicity assay was conducted. 

3) Preparation of sweetpotato water extract 

The extract was made from lyophilized flour (1 g), using 20 mL of ice-cold water for 1 h. The suspension was centrifuged at 18,000 x g for 20 min, 
and the resultant precipitate was re-extracted under the same conditions. The collected supernatant was lyophilized. 

4) Assay of antimutagenicity 

The mutagenicity assay was performed by a modification of the method of Yahagi et al. 11) The antimutagenic activity was evaluated for TA 98 using 
the purified mutagen, Trp-P-1. These mutagens require metabolic activation to induce mutation in TA 98. S-9 Mix contained 50 */imol of sodium 
phosphate buffer (pH 7.4), 4 Vimol of MgC12, 16.5 'Amo] of KC1, 2.5 Vimol of glucose-6-phosphate, 2 14mol of NADH, 2V4mol of NADPH, and 5014L 
of S-9 fraction in a total volume of 0.5 mL. For the inhibition test, 0.1 mL of each mutagen, 0.1 mL of sweetpotato water extract or DMSO-dissolved 
pigment solution, and 0.5 mL of S-9 mix or phosphate buffer were simultaneously incubated with 0.1 mL of bacterial suspension at 37 for 20 min, and 
then poured on minimal glucose agar plates with 2 mL of soft agar. 

5) Measurement of color value and HPLC analysis of anthocyanin pigments from extracts of Ayamurasaki inner or outer portion 

The color value was measured by absorbance at 530 nm after the 0.5% sulfuric acid extract from each portion was diluted 4 times with Mcllvaine's 
buffer (pH 3.0). 


Individual anthocyanin pigments were analyzed using a HPLC (Model LC-9A, Shimadzu, Kyoto, Japan) equipped with a variable wavelength 
spectrum flow monitor. The samples for HPLC analysis of the anthocyanin pigments were prepared by extraction with 0.5 % sulfuric acid. Separation 
of the pigments was carried out on a 4.6 mm x 10 cm Luna 08(2) column (Phenomenex) and detected at 530 nm. The column was conditioned with 
Solvent A (1.5% phosphoric acid), and the pigments were eluted using a linear solvent gradient of 0-100% Solvent B (1.5% phosphoric acid, 20% 
acetic acid, 25% acetonitrile) for 40 min at a flow rate of 1 mL/min. 


6) Extraction and determination of phenolic s 

The lyophilized sweetpotato flour was vigorously mixed with 10 times its equivalent volume of 80% ethanol. The mixture was boiled for 5 min under a 
hood and centrifuged at 5,000 x g for 10 min. The residue was mixed with additional 80% ethanol and boiled for 10 min to re-extract the phenolics and 
centrifuged under the same conditions. The extracts were combined and made up to 10 mL. These extracts were used for the determination of total 
phenolics. Total phenolics were determined by the procedure described by Coseteng and Leel). The alcohol extract was diluted to obtain an 
absorbance reading within the range of the standards (800-40 14g ChA/mL). The absorbance in the microplate wells was measured at 600 nm with a 
dual wavelength flying spot scanning densitometer (Shimadzu, Kyoto), with a microplate system. The results were expressed as mg ChA/100 g flour. 


Sr, 
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---Results. 

1) Effects of water extracts from whole storage roots on the mutagenicity ofTrp-P-1 

The antimutagenic effect of the water extracts from whole storage roots of 4 varieties differing in the flesh color was exam25ined using Trp-P-1 at a dose of 
0.075 !4g/plate (Table 1). The extract was used at doses of 1, 5, and 10 mg/plate. The Ayamurasaki extract inhibited the Trp-P-1-induced mutation by 41 to 
62% and showed a dose-dependent antimutagenicity. The extracts from Koganesengan, Joy White, and Sunny Red varieties showed inhibitory activities of 
5, 4, and 8% at a dose of 10 mg/plate, respectively. The antimutagenic effect of the extracts from whole storage roots of Koganesengan, Joy White, and 
Sunny Red on Trp-P-1 was negligible compared with that from Ayamurasaki. 

2) Antimutagenic activity of the extracts from the inner or outer portion of sweetpotatoes 

Table 2 shows the antimutagenic activity of the extracts from the inner or outer portion of Ayamurasaki, Joy White, Koganesengan, and Sunny Red. The 
extract in the Ayamurasaki variety was used at doses of 1, 5, and 10 mg/plate. The extract of Ayamurasaki inner portion inhibited the Trp-P-1-induced 
mutation by 14 to 74%, while that of the outer one by 53 to 80%. The extracts from both portions of Ayamurasaki showed a dose-dependent 
antimutagenicity. The extract of the outer portion showed an antimutagenic activity about 4 times stronger than that of the inner one at a dose of 1 mg/plate. 
The extracts from the portions in 3 varieties other than Ayamurasaki were used only at a dose of 10 mg/plate since the extracts from the whole root of these 
varieties did not display the antimutagenic activity at doses of below 5 mg/plate as shown in Table 1. The extracts from the outer portion of Joy White, 
Sunny Red, and Koganesengan inhibited the mutation by 24, 25, and 18%, unlike those of the inner one. 


Table 2. Effect of extracts from sweetpotato inner or outer portion on the mutagenicity for Trp-P-1 against Salmonella typhimurium TA 98 a * 

Variety 

Portion 

Amount of extract (mg/plate) 

Inhibition (%) b ) 

Ayamurasaki 

Inner 

1.0 

14 



5.0 

69 



10.0 

74 


Outer 

1.0 

53 



5.0 

77 



10.0 

80 

Joy White 

Inner 

10.0 

0 


Outer 

10.0 

24 

Sunny Red 

Inner 

10.0 

0 


Outer 

10.0 

25 

Koganesengan 

Inner 

10.0 

0 


Outer 

10.0 

18 

a) : Trp-P-1 was added at a dose of 0.075 g/plate. Mutage-nicity was tested with S-9 mix. 

b) : Each value represents mean + SD of triplicate plates. In the value shown, the spontaneous mutation frequency was subtracted. The His + revertant value of the control was 
609+16/plate. 


3) Color value and HPLC analysis of anthocyanins of extracts from Ayamurasaki inner or outer portion 

The color value of the extracts from both portions of Ayamurasaki was measured at an absorbance of 530 nm (Table 3(28KB)) . The color value of the extract 
from the outer portion was 15.8 and that from the inner portion 10.9. Anthocyanin content in the outer portion was 1.4 times higher than that in the inner 
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portion. These results indicate that anthocyanin pigments are abundant in the outer portion. 

The difference in both color values was reflected in the HPLC pattern in that the peaks of the extract from the outer portion were generally higher than those 
of the inner one (Fig. 1(19KB)) . Sweetpotatoes with purple-colored flesh contain at least 12 anthocyanins6) and their contents vary with the sweetpotato 
varieties2). The main anthocyanin pigments were respectively designated as YGM1 to YGM6. Ratios of each pigment in the extracts from both portions 
indicated in Fig. 1 are shown in Table 3. YGM5 in the extract from the outer portion was clearly separated into 2 components, YGM5a and YGM5b unlike 
the extract from the inner portion. The total content of YGM5 in the extracts from both portions was practically similar but the contents of HMG5a in the 
extracts from the outer portion were clearly higher than those in the inner portion. YGMla, YGMlb, YGM2, YGM3, and YGM5a were more abundant in 
the outer portion, while the pigments with a ratio below that of YGM1 and above that of YGM6 showed a high concentration in the inner portion. Especially 
the contents of YGM1, YGM3, and YGM5a in the extract from the outer portion were about twice as high as those in the inner portion. 

4) Phenolic contents in the extracts from the inner or outer portion of 4 varieties of sweetpotato 

Phenolics are known to inhibit the reverse mutation induced by various mutations. We determined the phenolic distribution of sweetpotato roots to analyze 
the relationship between the phenolic contents and the antimutagenicity. The contents of total phenolics in the extracts from both portions of the varieties 
tested were expressed as mg/100 g flour (Fig. 2(15KB)) . The phenolic contents in the extracts from the outer and inner portions in Ayamurasaki roots were 
1,900 mg and 1,650 mg/100 g flour, respectively. In the extract from the inner portion of Koganesengan, Joy White, and Sunny Red the contents were about 
100, 110, and 150 mg/100 g flour, while in the outer one 400, 240, and 360 mg/100 g flour. The high phenolic content of Ayamurasaki probably enhanced 
the reaction of anthocyanin pigments with Folin-Ciocalteau phenol reagent. Odake et al.5) and Goda et al.3) reported that anthocyanins of the purple-colored 
sweetpotato have a caffeyl or ferulyl group in their structural formula. 

—Discussion. 

The antimutagenic activity of the extracts from the inner or outer portion of the storage roots was investigated to analyze the distribution of the 
antimutagenic components in sweetpotatoes differing in the color of the flesh. In 4 varieties tested, only the extract of the whole root of Ayamurasaki 
inhibited effectively the Trp-P-1-induced mutation (Table 1). As anticipated, the extracts from both portions also decreased the reverse mutation, and the 
antimutagenic activity was stronger in the extract from the outer portion than in that from the inner portion (Table 2). The determination of the color value in 
both portions indicated that the content of anthocyanins in the outer portion was about 1.5 times higher than that in the inner portion (Table 3). These results 
appear to reflect the strong antimutagenicity detected in the outer portion of Ayamurasaki. However the antimutagenic activity of the extract from the outer 
portion was about 4 times stronger than that from the inner portion at a dose of 1 mg/plate. These results did not always reflect the difference in the 
anthocyanin contents in both portions. 

HPLC analysis revealed the compositional difference of anthocyanin pigments in both portions. Namely, anthocyanin pigments corresponding to YGMla, 
YGMlb, YGM2, YGM3, and YGM5a were more abundant in the outer portion. Anthocyanin pigments corresponding to YGM1 to YGM3 consist of 
cyanidin and those to YGM4 to YGM6 of peonidin3,5,6). Total percentage of YGM1 to YGM3 in the outer portion was 18.6%, while 12.2% in the inner 
portion. Furthermore, the total percentage of YGM4 to YGM6 in the outer portion was 66.9%, while 65.7% in the inner portion. The cyanidin content in the 
outer portion was 1.5 times higher than that in the inner portion. These values were in agreement with the increase of the color value in the outer portion, 
suggesting that cyanidin was abundant in the outer portion. Our previous data also indicated that cyanidin showed a relatively stronger antimutagenic activity 
than peonidinl3). These results suggest that the high concentration of cyanidin in the outer portion partially contributes to the strong antimutagenicity. 

The extracts of the outer portion of Joy White, Sunny Red, and Koganesengan without anthocyanin in the flesh also effectively inhibited the reverse 
mutation (Table 2). The phenolic contents in the extracts of the outer portion were several times higher than those in the inner portion (Fig. 2). Yamada and 
Tomital2) reported that many kinds of extracts containing compounds analogous to caffeic acid or ChA effectively decreased the mutagenic activity of the 
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mutagens as heterocyclic amines. We also confirmed that chlorogenic acid showed a dose-dependent antimutagenicity against Trp-P-1- or Trp-P-2-induced 
reverse mutation (data not shown). Walter and SchadellO) indicated that phenolics including ChA are abundant in the outer tissues of the sweetpotato roots. 
Their results suggest that phenolics in the outer portion mainly suppress the reverse mutation. 

In conclusion, the outer portion of Ayamurasaki contained a large amount of cyanidin reflecting the strong antimutagenicity of the outer portion. These 
results suggest that this new variety of sweetpotato with higher physiological functions should be selected. Furthermore our data showed that the functional 
components were more abundant in the outer portion of sweetpotatoes. Suzuki et al.9) reported that the calcium content was high in the cortex of 
sweetpotatoes. These results suggest that the utilization of the whole root including the skin is important for maximizing the beneficial physiological 
functions of sweetpotato. Such an utilization may contribute to the effective use of biological resources, and result in the reduction of the negative 
environmental impact of wastes from sweetpotato processing. 
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Table 3 


Table 3. 

Color value and ratio of anthocyanin pigments in extracts from Ayamurasaki outer or inner portion 


YGM composition ratio (percentage of area in HPLC) 


Portion 

Color 

value 

YP.Ml 

YGM1 

yom? 

YGM3 

Yr.M4 

YGM5 

vr.MA 

YGM6> 

Total 

YGMla YGMlb 

YGM5a YGM5b 

Outer 

15.8 

9.4 

6.1 

6.8 

5.7 

11.1 

38.0 

17.9 

4.0 

99.0 




3.0 3.1 




15.0 23.0 




Inner 

10.9 

12.7 

3.1 

5.7 

3.4 

11.0 

37.0 

17.7 

7.1 

97.7 


_ 2.1 1.0 _ -« -* 

• The percentage was not calculated when the separation of both peaks was not distinct. 
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Fig. 1. HPLC pattern of pigments in extracts from Ayamurasaki outer or inner portion 
(A): Outer portion, (B): Inner portion. 
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Phenolic content 
(mg x TO' 3 /! 00 g flour) 

0 0.S 1.0 1.5 2.0 


Ayamurasaki 

Koganesengan 


Joy White 

Sunny Red 

Fig, 2. Phenolic contents of extracts from the 
outer or inner portion from 4 varieties of 
sweetpotato 

o : Inner portion, ■ : Outer portion. 
Each value represents mean ±$D of 5 
samples. 
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(Summary) 

Discrimination of Basidiomycete Species and Strains by Random Amplified 
Polymorphic DNA (RAPD) Analysis 

Yasuhiro ITO and Sonoe O. YANAGI 

Biological Function Division, National Food Research Institute 
(Tsukuba, Ibaraki, 305-8642 Japan) 

—Abstract. 

To develop a method for the discrimination of basidiomycete species and strains with vegetative mycelia, DNAs isolated from the mycelia 
of Coprinus and Tricholoma strains, were subjected to random amplified polymorphic DNA (RAPD) analysis. Seven Coprinus species 
could be distinguished, clearly showing species-specific DNA patterns in the RAPD analysis. One specimen of unknown Coprinus strain 
was identified as C.cinereus by this method. Six strains of C.cinereus and 4 of C.angulatus could also be distinguished by the presence of 
strain-specific RAPD fragments. Five members of the Tricholoma family, T.matsutake and related 4 species, also showed species-specific 
DNA patterns in the RAPD analysis. The discrimination of Tricholoma species was confirmed by cluster analysis based on 192 RAPD 
fragments. The 5 species could be clearly divided into 5 groups in complete agreement with the taxonomic classification. RAPD analysis of 
mycelial DNA, as shown in these studies, is a suitable method for distinguishing basidiomycete species and strains. 

Discipline: Genetic resources 

Additional key words: Coprinus, Tricholoma 

® 1. 13): References 
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—Introduction. 

Basidiomycetes are mainly classified based on the morphology of fruit bodies. However many strains of basidiomycete species do not form 
fruit bodies readily, if not at all, under experimental conditions. The development of a simple method for distinguishing species or strains 
with vegetative mycelia, therefore, is important. 

Recently, molecular markers, such as isozymes, restriction fragment length polymorphisms (RFLP) and random amplified polymorphic 
DNA (RAPD) have been used to detect genetic differences in species and strains of basidiomycetes. Among these molecular markers, 
RAPD, which was introduced by the use of polymerase chain reaction (PCR) with arbitrary 10-mer primers 11), can express DNA variations 
for distinguishing basidiomycetes species and strains with less labor and high reliability4). 

We used RAPD analysis for 2 basidiomycete groups, Coprinus species and Tricholoma species. Coprinus species, mainly C.cinereus, have 
been used as a model material for basic studies on basidiomycetes since they grow rapidly with a short life cycle span. We used Coprinus 
species to develop the RAPD method for the discrimination of basidiomycete species. Although T.matsutake (S. Ito and Imai) Singer is the 
most valuable edible mushroom in Japan, fruit body formation of T.matsutake under artificial conditions has not been achieved yet. 
Discrimination of T.matsutake based on the morphology of mycelia is almost impossible too because these are no clamps. This paper 
describes the successful application of the RAPD method. 

—Materials and methods. 

1) Strains and culture conditions 

Coprinus and Tricholoma strains examined are listed in Table 1. To maintain the strains, MYG medium [1.0% (w/v) of malt extract (Difco, 
USA), 0.4% (w/v) of yeast extract (Difco, USA) and 0.4% (w/v) of glucose] with 1.5% (w/v) agar was used. For DNA extraction, mycelia 
of each strain were inoculated into 20 mL of liquid MYG medium each in 100 mL flasks, and cultured statically at 30for 2-3 days for the 
Tricholoma strains, or at 20 for 1-2 months for the Tricholoma strains. Harvested mycelia were stored at -20 for DNA extraction. 


Table 1. Strains of Coprinus and Tricholoma specties examined 


Species Strain Source (collection sites) 
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(Summary) 


Coprinus angulatus Peck 

225 

Okayama Univ.a) 


516 

Okayama Univ.a) 


624 

Okayama Univ.a) 


711 

Okayama Univ.a) 

C. atramentarius (Bull. : Fr.) Fr. 

MAFF430151 

G.B. b) 

C. cinereus (Schaeff. : Fr.) S. F. 

Wild 

NFRI c) 

Gray 

5005 

Okayaman Univ.a) 


5309 

Okayaman Univ.a) 


5312 

Okayaman Univ.a) 


5338 

Okayaman Univ.a) 


5348 

Okayaman Univ.a) 


FRI 

Protoplast regenerant of Fis c d) 

C. comatus (Muller : Fr.) 

7T 

NFRI 


1 IT 

NFRI 

C. disseminatus (Pers. : Fr.) 

E022 

Forestry and Forest Products 



Research Institute 

C. micaceus (Bull. : Fr.) Fr. 

A342S 

Forestry and Forest Products 



Research Institute 

C. sp (species unkown) 

MAFF425079 

G.B 

Tricholoma matsutake 

MAFF460031 

G.B(Hyogo, Japan) 

(S. Ito & Imai) Sing. 

MAFF460037 

G.B(Aomori, Japan) 


MAFF460051 

G.B(Yamanashi, Japan) 


MAFF460052 

G.B(Hokkaido, Japan) 


MAFF460057 

G.B (China) 


MAFF460070 

G.B(Kumamoto, Japan) 


MAFF460101 

G.B(Korea) 

T. caligatum (Viv.) Ricken 

MAFF460044 

G.B(Algeria) 


MAFF460064 

G.B(Algeria) 

T. magnivelare (Peck) Readhead 

MAFF460081 

G.B(U.S.A) 

comb. Nov 



T. bakamatsutake Hongo 

MAFF460025 

G.B(Aomori, Japan) 


MAFF460087 

G.B(Hokkaido, Japan) 

T. fluvocastaneum Hongo 

MAFF460028 

G.B(Kochi, Japan) 


MAFF460029 

G.B(Kyoto, Japan) 


MAFF460030 

G.B(Kyoto, Japan) 

a):Maintained at National Food Research Institute for me 

ire than 10 years. 


b):Genebank of Ministry of Agriculture, Forestry and Fisheries, Japan. 


c): National Food Research Institute. 



d): Fis c was supplied from the University of Tokyo, maintained at NFRI for more than 10 years. 



2) DNA extraction and PCR reaction 

Mycelial DNA of each Coprinus strain was extracted by the method of Doyle and Doyle (1987)1). DNA amplification was performed 
following a modification of the protocol of Williams et al. (1990)1 1). The reaction mixtures contained 10 mM Tris-HCl, pH 8.3, 50 mM 
KC1, 1.5 mM MgCl 2 , 0.2 mM of dATP, dCTP, dTTP, and dGTP, 1 pM of primer, 0.4 U of recombinant Taq DNA polymerase (Takara, 
Japan), and 10 ng of genomic DNA in a total volume of 10 pL. Ten decamer oligonucleotides were used as RAPD primers (Table 2). 
Amplification was carried out in a Program Temp Control System PC-800 (ASTEC, Japan) by the following procedure: initial denaturation 
at 94 for 2 min; 45 cycles of 94 for 30 s, 36 for 1 min and 72 °C for 2 min; and final extension at 72 for 2 min. 


Table 2. RAPD primers used for discrimination of Coprinus strains and Tricholoma strains 


Sequence (5' to 3') 

Sequence (5' to 3') 

For Coprinus strains 

GACTAGCCTC 

GTATCGCGGT 

TGGGCACTGA 

TGGTCACCGA 

TGCGTGCTTG 

TTCGAGCCAG 

AGTGGAAGGT 

ATGCCTACAG 

AGCGCCATTG 

CTCACCGTCC 

CACCGTATCC 

CACCTAGTCC 

For Tricholoma strains 

GGCTCATGTG 

GGCACTGAGG 

AGGGCCGTCT 

ACGACCGACA 

GTCAGGGCAA 

GACCGCTTGT 

GTGATCGCAG 

TGCCGAGCTG 

GTTGCGATCC 

GGTGACTGTG 
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(Summary) 

For the Tricholoma strains, total DNA was extracted from mycelia as described by Draper et al. (1988)2). RAPD analysis was performed 
following a modification of the protocol of Williams et al. (1990)1 1). The reaction mixtures contained 10 mM Tris-HCl (pH 8.3), 50 mM 
KC1, 2 mM MgCl 2 , 0.1 mM each of dATP, dCTP, dTTP and dGTP, 0.2 pM of RAPD primer (Table 2), 0.2 U of recombinant Taq DNA 
polymerase (Takara, Japan) and 1.0 ng of genomic DNA in a total volume of 10 pL. Amplification reactions were performed as follows: 
initial denaturation at 94 for 2 min; 30 cycles of 94 for 1 min, 36 for 1 min and 72 for 2 min; and final extension at 72 for 2 min. 

Amplified DNA was electrophoresed in 1.6%(w/v) agarose gels, stained with 0.5 pg/L ethidium bromide, and photographed under UV light. 
3) RAPD data analysis for Tricholoma species 

Each polymorphic fragment was treated as a unit character, and compared between each pair of strains. The percentage of different 
fragments in each pair of strains was obtained by the following calculation: lOOxnumber of different fragments/number of total detected 
fragments between the 2 strains. Cluster analysis was performed, based on the percentage of similarity of RAPD fragments, using the 
unweighted-pair-group method 10). 


Results and discussion 


a„, 
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—Results and discussion. 

1) DiscriminaTion of Coprinus species 

Several DNA fragments from the genomic DNA of each Coprinus strain were successfully amplified 
with 12 primers. Two typical results of RAPD analysis are shown in Fig. 1-A and B. (13KB) 

Strains of the same species gave similar RAPD patterns which included several DNA fragments of 
equivalent length (sample lanes 3-7, 8-11, and 12-13, respectively), making it possible to distinguish the 
species. Strains of different species, however, did not yield common fragments. RAPD patterns with 
other 10 primers gave similar results. 

We attempted to identify the species to which a Coprinus strain stored as No. 425079 in the gene bank of 
MAFF belonged (Table 1). The RAPD patterns are presented in lanes No. 2 in Fig. 1-A and B . With all 
the primers used, the RAPD patterns of strain 425079 clearly showed fragments common to C.cinereus 
strains, and the absence of homology with strains of other species. Therefore, this strain was identified as 
C.cinereus. Compatibility tests of mating between strain 425079 and monokaryotic strains of C.cinereus 
also gave the same results in RAPD analysis. 

Hopple Jr. and Vilgalys (1994)3) detected differences in the restriction sites of rDNA between Coprinus 
and related species, and estimated their phylogenetic relationship. However in the RAPD patterns in this 
study, since different Coprinus species showed few similarities to each other, the RAPD patterns were 
not suitable for use for phylogenetic analyses. On the other hand, the low similarity of the patterns 
between species makes this technique suitable for the discrimination of Coprinus species, as 
demonstrated by the identification of the species to which an unknown Coprinus strain belonged. 

2) DiscriminaTion of sTrains of C.cinereus and C. angulatus 

RAPD patterns of the Coprinus strains showed the presence of polymorphic DNA fragments among the 
strains in the same species. As shown in Fig. 2-A (15KB), 5 of such polymorphic fragments (indicated by 
arrows) were found simultaneously with 4 common fragments in the RAPD patterns of 7 C.cinereus 
strains using the primer TTCGAGCCAG. These polymorphic fragments were strain-specific, and the 7 
strains could be distinguished by the presence or absence of these 5 polymorphic fragments which were 
generated with one primer only. 

The RAPD patterns for 4 strains of C. angulaTus are depicted in Fig. 2-B (15KB). One primer, 
TGCGTGCTTG, gave 2 polymorphic fragments shown in lanes 1-4. These 2 markers allowed the 
discrimination of strains 225 and 711, while strains 516 and 624 could not be distinguished. Another 
primer, GACTAGCCTC, amplified another polymorphic fragment, as shown in lanes 5-8. By the 
presence or absence of this fragment, strain 516 was clearly distinguished from strain 624. Thus, the 
combination of 2 primers, in this case, allowed a clear discrimination of the strains. 

The clarity and simplicity of these examples in the discrimination of the strains of C.cinereus and C. 
angulaTus indicated that the RAPD method is very efficient for strain discrimination. RAPD markers 
specific for strains could be obtained easily, and seemed to be useful as genetic markers. 
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Several papers on the identification of strains of Coprinus by DNA analysis have been published. Wu et 
al. (1983)12) reported the presence of DNA polymorphisms caused by the insertion/deletion of DNA 
fragments or base pair substitutions by RFLP analysis of C.cinereus, and Laroche et al. (1995)7) 
attempted to group and identify C. psychromorbidus by RAPD and RFLP analyses. 

The method used to identify a strain is important for the protection of commercial mushroom species, 
like Agaricus bisporus, LenTinus edodes , PleuroTus osTreaTus, and so on. It is easy to isolate the 
mycelia of commercially superior cultivars and to culture them without permission. To identify the 
cultivar, morphological characters of the fruit body can not be used, because they display wide variations 
with the environmental conditions. DNA fingerprinting techniques, such as RAPD, RFLP and AFLP, can 
describe specific DNA variations of the cultivar, and are useful to identify the cultivar. 

3) RAPD analysis for discriminaTion o/Tricholoma species 

Several amplified DNA fragments were obtained from each of the 15 MAFF strains of the 5 Tricholoma 
species examined using 10 RAPD primers. Most of the RAPD primers gave several common fragments 
among the strains in the same species, while RAPD patterns of 5 Tricholoma species were 
species-specific (Fig. 3-A(llKB)) . However, T. maTsuTake showed similar RAPD patterns to those of T. 
caligaTum or T. magnivelare in some cases (Fig. 3-B(llKB)) . To determine whether the RAPD analysis 
is suitable for the discrimination of T. maTsuTake from other Tricholoma species, 192 distinct RAPD 
fragments obtained by 10 primers were classified. Ten fragments were found only in T. maTsuTake 
strains to be species-specific, 4 were found in all the 7 T. maTsuTake strains and all the 2 T. caligaTum 
strains, 7 in all the strains of T. maTsuTake, T. caligaTum, and T. magnivelare, and 1 in all the strains 
of T. maTsuTake and T. magnivelare. 

Based on the 192 RAPD fragments, cluster analysis was performed to determine the relationship between 
the five Tricholoma species. The 5 species were clearly divided into 5 groups in complete agreement 
with the taxonomic classification (Fig. 4(26KB)) . Intraspecific similarity between each strain was 
obviously higher than interspecific similarities among all the 5 species in Tricholoma. The highest 
similarity of 52.0% to T. maTsuTake was given by T. caligaTum. T. magnivelare, T. fluvocasTaneum 
and T. bakamaTsuTake gave 41.8, 38.7 and 24.6% similarities to T. maTsuTake, respectively. Since the 
intraspecific similarities among T. maTsuTake strains exceeded 85.0%, it appears that the RAPD 
patterns of the T. maTsuTake strains can be distinguished from those of the related species. Thus, RAPD 
analysis is a suitable method for distinguishing the 5 Tricholoma species as well as T. maTsuTake from 
the related species. 

Six closely related species of T. maTsuTake have been reported, that is, the 4 species mentioned above 
and T. robusTum and T. zelleritt). Among the 6 species, T. maTsuTake, T. caligaTum and T. 
magnivelare have been considered to be closely related in terms of the morphology and fragrant aroma 
of the fruit body, the characters of cultured mycelia, the morphology of fungal colonies in soil called 
shiro, and mycotrophy with coniferous trees8,9,13). As described above, our RAPD data corresponded to 
the morphological classification, confirming the close relationship of these 3 species at the genetic level. 

The classification of Tricholoma species has not yet been completed, although T. maTsuTake and 
related species are widely distributed in the Northern hemisphere. Several species were included in T. 
caligaTum which is distributed in North and Central America, Europe and North Africa5,6). Some 
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researchers consider that T. maTsuTake is an indigenous species in East Asia, but Kytovuori (1988)6) 
stated that it was the synonym of T. nauseosum which is one of the species in the T. caligaTum group 
distributed in Europe and North Africa. To define the species and elucidate the phylogenetic 
relationships of closely related Tricholoma species in more detail, it is suggested that DNA analyses, 
especially RAPD method as indicated in this study, may provide accurate genetic information. 
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RAPD patterns of 15 Coprinus strains in 6 species 


A shows the RAPD patterns produced with the primer TGGTCACCGA, and B with AGCGCCATTG. 
Lanes 1 and 17, molecular size markers (»DNA digested with Hind III); lane 2, u nk nown species of C. 
sp.425079; lanes 3-7, C.angulatus 225, 516,624 and 711, respectively; lanes 12,13, C. comatus IT and 
11T, respectively; lane 14, C. micaceus A342S; lane 15, C. disseminatus Eo22; lane 16, C. 
atramentarius 430151. 
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A shows the RAPD patterns of 7 strains of Coprinus cinereus produced with the primer 
TTCGAGCCAG. Lane 1, molecular size marker(A, DNA digested with Hind III); lanes 2-8, C. cinereus 
wild, 5005, 5309, 5312, 5348, FR1, and C. sp. 425079 identified as C. cinereus in Fig. 1, respectively. 


B shows the RAPD patterns of 4 strains of C. angulatus. Lanes 1-4, C. angulatus 225, 516, 624, and 
711, respectively, generated with the primer TGCGTGCTTG; and lanes 5-8, the same strains, 
respectively, generated with the primer GACTAGCCTC. Arrows indicate polymorphic fragments. 
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Table 1 




Fig. 3. RAPD patterns of strains of T. maTsuTake and related 4 species 


A shows the RAPD patterns amplified with the primer of GACCGCTTGT, and B with TGCCGAGCTG. 
Lane 1, molecular size marker(A, DNA digested with PsTl), lanes 2-8, T. maTsuTake MAFF 460031, 
MAFF 460037, MAFF 460051, MAFF 460052, MAFF 460057, MAFF 460070 and MAFF 460101; 
lanes 9 and 10, T. caligaTum MAFF 460064 and MAFF 460044; lane 11, T. magnivelare MAFF 
460081; lanes 12-14, T. fluvocasTaneumMAFF 460028, MAFF 460029 and MAFF 460030, lanes 15 
and 16, T. bakamaTsuTake MAFF 460025 and MAFF 460087. 


O 


.Back 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/ito/fig3.htm [10/7/2002 8:36:47 PM] 






Fig 

Fig. 4. 

Phylogenetic tree of Tricholoma species based on 192 RAPD fragments 
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Optimal spray timing for control of Pseudaulacapis pentagona (Targioni) ( HEMIPTERA:COCIIDAE) by sticky trap catching the crow 

Determination of Optimum Spraying Time for Chemical Control of Mulberry Scale, 
Pseudaulacapis pentagona (Targioni) (Hemiptera: Diaspiddae) in Tea Fields 

Akio TATARA 

Shizuoka Agricultural Experiment Station 
(Toyoda, Shizuoka, 438-0803 Japan) 

—Abstract. 

Monitoring methods of mulberry scale larvae, Pseudaulacapis pentagona, were evaluated for determining the spraying time for effective chemical control. 
Among them, the ratio of "more than half hatched egg batches" which was found to be suitable due to its accuracy, is, however, time-consuming. Optimum 
spraying time is defined as the duration of the period required to achieve a ratio of more than half hatched eggs in egg batches (60 to 90%), which is referred 
to as "more than half hatched egg batches." The use of sticky traps set inside a tea bush to capture crawlers of the mulberry scale is a simple and accurate 
monitoring method. The optimum spraying time occurs 2 to 5 days after the peak capture of the crawlers by the traps. The traps should be set up from the 
beginning of the egg hatching period, and should be examined daily or every other day to determine the peak capture of the crawlers. The use of sticky traps 
for monitoring is suitable for only the first generation of mulberry scale. Thus observations of "more than half hatched egg batches" are needed to determine 
the optimum spraying time for the second and third generations of the mulberry scale. 

Discipline: Insect pest / Tea industry 

Additional key words: sticky trap, crawler, egg batch 
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(Received for publication, December 4, 1998) 

—Introduction. 

The mulberry scale, Pseudaulacapis pentagona (Targioni), has been a serious pest of tea in Japan. Outbreaks have been reported sporadically since 1955 in 
Shizuoka Prefecture3). Recently an outbreak was reported in 1994-1996 and the scales occurred in 40% of the tea-cultivated area in Japan2). The scale 
population frequently breaks out and occasionally even kills tea hosts. Three generations can occur per year in central Japan. The female lays eggs under her 
shell. The crawlers, i.e. walking first instar larvae, just after hatching walk out from under the shell. After 30 m to 11 h, the crawlers settle on tea branches and 
molt to the succeeding developmental stage within 15 days3). 

It is difficult to find the crawler scale in the tea fields because the mulberry scale lives only on branches inside the tea bushes and the body size of the crawler 
is very small (0.2 mm). However, in the case of the mulberry scale, the effective period for pesticide application is very short9). Even if farmers detect the 
occurrence of this scale, it is difficult to determine the time of optimum control. Three monitoring methods were suggested to determine the spraying time for 
mulberry scale. These methods were evaluated in terms of accuracy and simplicity. 

—Effect of insecticide application to mulberry scale. 

Generally, chemical control for scale insects is applied to larvae and adults. In the case of the larvae, it is effective only for young ones. Therefore chemical 
control methods for adult scales which do not involve a selection of the spraying time were examined. Spraying of petroleum oil during winter enabled to 
control effectively the arrow-head scale, Unapsis yanonensis (Kuwana), which is a kind of armored scale, that injures citrus 7 ). However, the control by the use 
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of some pesticides including petroleum oil in the case of the adult female of mulberry scale in winter is less effective than in the case of the larvae 12). Though 
fumigation with hydrocyanic acid gas applied to the adult of the mulberry scale and the arrow-head scale is effective4,6), this method is very dangerous to 
man and its application is not realistic presently. 

Some of the insect growth regulators and organophosphates are known to be effective insecticides against the larval stage of armored scales. The optimum 
period of pesticide application lasts for more than 4 weeks for the California red scale, Aonidiella aurantii (Maskell) 14). Organophosphates are effective for 
the control of the first and the second instar larvae and also for that of the immature adults of the arrow-head scale 11). Many insecticides have been tested for 
the control of the mulberry scale. Some insecticides (e.g. buprofezin and methidathion) are effective against the larvae of the mulberry scale. However, the 
optimum period of application of these insecticides is very short and the effectiveness markedly decreases when spraying is performed 6 days after the 
optimum time9). Therefore, since pesticide control of the mulberry scale is more difficult than that of the California red scale or arrow-head scale, it is 
important to determine the spraying time for the control. Consequently, accurate and efficient monitoring methods are required for determining the optimum 
spraying time. 

—Monitoring methods for insecticide application. 

1) Observation of the number of crawlers 

Pesticides should be applied during the period of egg hatching3). A farmer goes to his tea fields and observes the walking crawlers on the tea branches. 
Pesticides should be applied when the farmer finds many crawlers on the branches. This is the easiest method. Alternatively, a farmer brings the branches with 
mulberry scale females to his house from his tea fields. Spraying of pesticides should be performed when the farmer observes the crawlers on the branches in 
water 1). 

2) "More than half hatched egg batch ratio " 

It is time-consuming to count the number of hatched eggs that would be statistically significant for calculating the hatchability. This is a simple method in 
which the ratio of "more than half hatched egg batch" is measured8). The female scales are observed under a microscope after their shells are peeled off using 
pointed tweezers. A group of eggs laid by one female is defined as one egg batch. If one or more eggs in one egg batch have hatched, the term "hatched egg 
batch" is used. If more than 50% of the eggs in one egg batch have hatched, the term "more than half hatched egg batch" is used. More than 100 live females 
in a tea field are required for this surveyl3). 

Table 1 shows the effect of applications of two kinds of pesticides (buprofezin 25W and methidathion 40E) on different days at short intervals and the ratio of 
"more than half hatched egg batches" on the day of pesticide application. The most effective date for pesticide application was May 26 for both insecticides 
based on the colony number of male cocoons. The numbers in the plots sprayed with Buprofezin were small on May 23 and June 1. The colony numbers in the 
methidathion plots were small when spraying took place on May 26 and 30. Many colonies were observed in both sprayed plots on June 1. Therefore, the 
effective duration of safe application of these insecticides for the control corresponded to the period around May 26 to 30 in this test. The ratio of "hatched egg 
batches" reached a value of 100% before the optimum spraying time, while the ratio of "more than half hatched egg batches" increased slightly from May 23 
to 26. Therefore it is assumed that the ratio of "more than half hatched batches" is a useful index for determining the duration of the optimum control time. 

And the effective period of pesticide application coincides with a ratio of "more than half hatched batches" ranging between 60 to 90%. 


Table 1. Optimum spraying time for P. pentagona contrdf 

Pesticidea) 

Spraying date 

Ratio of "more than half date hatched egg 
batches" on spraying day(%) 

Mean number of colonies of male cocoons 
on June 20b) 
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Buprofezin 2.5 ppm 

May 23 

25.0 

2.75 

Buprofezin 

May 26 

59.0 

0.25 

Buprofezin 

May 30 

94.9 

2.40 

Buprofezin 

June 1 

95.2 

0.95 

Buprofezin 

June 5 

100.0 

14.35 

Methidathion 4 ppm 

May 23 

25.0 

10.6 

Methidathion 

May 26 

59.0 

6.65 

Methidathion 

May 30 

94.9 

6.80 

Methidathion 

June 1 

95.2 

22.95 

Methidathion 

June 5 

100.0 

30.30 

Unsprayed 

- 


30.90 


a) : 1,000 L per 10 a were sprayed to each plot. 

b) : When male cocoons covered a large part of the tea branch, male cocoons 2 cm long were counted and defined as one colony. 


3) Capture of crawlers by sticky traps 

The crawlers of scale insects have been shown previously to disperse passively by the wind 5 ’ 10 ,15) They can be caught by sticky traps. Ozawa (1994a)8) who 
used a small sticky card trap (10x10 cm) placed inside the tea bush to monitor the crawlers and the male adults, tried to predict the optimum spraying time for 
chemical control by trap catches and the ratio of hatched eggs (Fig. 1(33KB)) . Since both the number of captured crawlers by the traps and the hatchability 
increased rapidly during a period of about 10 days, more detailed data are necessary to determine the optimum spraying time. 

Fig. 2(44KB) shows the changes in the numbers of captured crawlers using the Ozawa trap and hatching ratio of egg batches for the first generation at short 
intervalsl3). The results of the survey conducted in 1995 are shown in Table 1. The optimum spraying duration in 1995 during the period between May 26 
and 30 corresponded to the period of 1 to 5 days after the peak of crawler captures. In 1996, the duration of period when the ratio of "more than half hatched 
egg batches" reached values of 60 and 90% corresponded to the period of June 5 to 10. This period corresponded to 2 to 7 days after the peak of the trap 
catches. Though the dates of the optimum spraying period and the peak of trap catches were different in 1995 and 1996, the optimum spraying time can be 
estimated from the peak of trap catches of the crawlers. 

Fig. 3(50KB) shows the changes in the numbers of catches and hatching ratio of the egg batches for the second generation. The optimum spraying time was 
estimated to occur around August 1 based on the ratio of "more than half hatched egg batches." While the traps captured the crawlers on July 24 initially, the 
peak occurred on July 28. Since the difference in the number of catches between July 24 and 28 was not appreciable, it is difficult to detect the peak of trap 
catches in this case. In 1996, the optimum spraying time was estimated to occur from August 5 to 8 based on the 60 to 90% ratio of "more than half hatched 
egg batches." It is difficult to detect the peak because the number of trap catches markedly fluctuated from the trap setting. Based on the results obtained in 
both years for the second generation, it is difficult to detect the peak date from the changes in trap catches. The peak date of trap catches could be detected in 
the third generation in 1995, while crawlers were not caught in the traps in 1996. Therefore it is difficult to determine whether the sticky traps are useful to 
estimate the optimum spraying time for the third generation based on the results of both years (Fig. 4(26KB)) . 


The hatching duration of crawlers is longer in the second and third generations than in the first generation. It is very difficult to control the mulberry scale in 
the second and third generations with insecticides because the hatching of eggs continues for a long period. Even though monitoring by using sticky traps is 
possible only for the first generation, this method is suitable because the control of the first generation of the mulberry scale is very important to achieve 
further control. 
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Ozawa8) indicated that the optimum spraying time of the mulberry scale by sticky traps under the plucking surface of the tea tree corresponded to 5 days after 
the first catch by the trap. However, it is preferable to determine the pesticide application date based on the peak number of crawlers caught in the sticky traps. 
The optimum spraying time was 1 to 5 days after the peak of the trap captures in 1995 and 2 to 7 days in 1996 (Fig. 2). Considering the safety of the effect of 
chemical control, the period of optimum spraying time should corresponded to 2 to 5 days after the peak. 

Fig, 5(27KB) shows simulations of different intervals of trap changes using an actual data setl3). The actual peak of the number of captured crawlers occurred 
on May 25. In the case of two-day intervals, if the traps are set on May 19 or 20, the peak occurred on May 25 or 26 and the optimum duration of spraying 
corresponded to May 27 to 30 or May 28 to 31, respectively. In the latter case, since the peak was detected on May 28, preparations for the control can be 
made. In case of three-day intervals, if the traps are set on May 19, 20 or 21, the peak may occur on May 25, 26 or 27, respectively. When the peak occurred 
on May 27, the optimum spraying time should take place during the period from May 29 to June 1. But, in this case, the peak day can not be determined until 
May 30 when the next traps are set up. Since the actual period for optimum spraying to control the mulberry scale corresponded to May 27 to 30, preparations 
for the control ca nn ot be made at that time. Therefore, traps should be changed daily or every other day. 

—Evaluation of monitoring methods for optimum spraying time. 

The method involving only observations is the easiest and required little time. However, this method is not accurate since the results depend on the farmers' 
individual perception. For example, when a few percents of crawlers come out from the female shell under a high density of females, a farmer may make a 
mistake in deciding to spray due to the observation of a large number of crawlers. Though the observations of "more than half hatched egg batches" are 
accurate to determine the optimum spraying time for the control of the mulberry scale, this procedure is time-consuming. 

Monitoring using sticky traps placed under the plucking surface of the tea tree requires less time than monitoring of the egg hatching ratio. The adhesive sheet 
(8x10 cm) is stuck on both sides of an acrylic card (10x10 cm) which is used as a sticky trap. The traps are placed vertically at 10 cm under the plucking 
surface of the tea canopy (Fig. 6(31KB)) . The traps face the same direction as the tea hedge. The new traps were set in the same position after trap change. 
Captured crawlers are counted under a microscope. The sticky traps may enable to capture the crawlers over a wide area of tea fields. Since this monitoring 
method is not suitable for the second and the third generations, it is useful for the purpose of decision making for pesticide application only for the first 
generation of the mulberry scale. It is considered that the observation of egg hatching is necessary for the second and the third generations to identify the 
optimum spraying time. 
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Objetivo 


Olyctivo 

El proyecto de "Estudios Comprensivos sobre el 
Mejoramiento, Produccion y Utilizacion de la soja en 
America del Sur" tiene designado expertos de 
diferentes especialidades en la Argentina, Brasil y 
Paraguay, siendo asignado al Paraguay los estudios 
referentes a medidas de control de nematodos . 


El nematodo del quiste, es una plaga muy severa 
para la soja, esta apareciendo en los pafses vecinos, 
Argentina y Brasil, no registrandose aun en el 
Paraguay; en el Ministerio de Agricultura y 
Ganaderia(M.A.G.) se esta llevando a cabo 
actividades para informar y advertir, de modo a 
prevenir cualquier ingreso casual. 

Ademas de nematodo del quiste, se estan 
realizando estudios de otras especies de nematodos de 
la soja, observandose sus distribuciones, habitos y 
respectivos medios de control. 


•m Home *n*m Obietivo *n*m Estudio *n*m Resultado ni*m Nematodo *n 

Preguntas o comentarios con respecto a este sitio esperamos su E-Mail : jircas@foznet.com.br 
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Nematodo 


Nematodo 

Que es un nematodo? 

El nematodo pertenece a la clase de los gusanos no 
metamericos, con cuerpo redondo y alargado 
correspondiendo al grupo menor de las lombrices, 
cuyas estructuras se encuentran en una bolsa tubular 
donde se incluyen los organos de reproduccion y 
digestion. 

Desde el pundo de vista agronomico, los que causan 
dafios son aquellas especies que parasitan las plantas, 
siendo estas imperceptibles; en todo el mundo son 
conocidas mas de 2000 especies de estos parasitos, 
siendo 15 generos, 45 especies las que perjudican a la 
soja. Segun estudios realizados en el afio 1998, se han 
encontrado 8 generos, 9 especies en 7 departamentos 
del Paraguay. 



Con el microscopio se observan los nematodos, como 
en la imagen de arriba. 


Como es el nematodo del 
quiste? 
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La hembra en estado joven, su piel se vuelve liso y 
fuerte, formando una bolsa dentro de la cual oviposita 
para posteriormente perecer; esta situation se lo 
conoce como quiste. 

El nematodo del quiste, igual que el de las agallas 
queda dentro de la planta; con el avance del estado 
larval, su cuerpo sale mas de la mitad quedando la 
cabeza dentro de la rafz, en estos instantes si se extrae 
la rafz, se puede observar el cuerpo en forma de 
granos blancos. Estas adultas a medida que maduran, 
el color de la piel se convierte del bianco al color 
crema, luego al marron, momento en el cual el, quiste 
se desprende separandose de la rafz de la soja. 

Al quiste parasito de la soja se lo denomina nematodo 
del quiste de la soja (Heterodera glycines) 
conociendose en total 16 razas. 

La soja una vez germinada, exuda una substancia 
denominada Glycinoeclepin A, el cual estimula la 
rapida eclosion del huevo del nematodo. La larva 
recien eclodida, penetra en la rafz de la soja repitiendo 
su ciclo igual que el nematodo de las agallas 
(.Meloidogyne spp.) , a diferencia que no forman 
agallas. 

El area de ataque del nematodo del quiste de la soja es 
estrecho, atacando solamente cuatro especies de 
leguminosas. Cuando no existen estas 4 especies, 
entran en estado de dormencia por tiempo 
prolongado, en cuyas situaciones llegan a sobrevivir 
por mas de diez afios, la soja que fue atacada con esta 
especie, no consigue desarrollar nodulos del 
rhyzobium impidiendo el suministro de Nitrogeno, 
cuya consecuencia se observa en el bajo rendimiento. 


http://ss.jircas.affrc.go.jp/pro/Mercosur/nematodo1 .htm (2 of 3) [10/7/2002 8:38:44 PM] 




Nematodo 


Los dafios son relacionados con la densidad del 
nematodo en el momento de la siembra; si existe mas 
o menos 7 huevos en un gramo de suelo, disminuye el 
rendimiento en 5%. 
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Estudios 



En el afio 1998, se hizo un estudio de 
suelo en los departamentos mas cercanos 
a Brasil y Argentina que son: Amambay, 
San Pedro, Canindeyu, Alto Parana e 
Itapua, el nematodo del quiste no se a 
detectado en ninguno de las muestras. 
Pero si aparecieron otras especies, que 
actualmente estamos realizando el 
estudio de control. 


De esta forma se realizan los estudios de 
control, con los suelos extratdos de 
diferentes departamentos. 
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Resultado 



Segun estudios realizados en el afio 1998, se han 
encontrado 8 generos, 9 especies en 7 departamentos 
del Paraguay. De estos 7 departamentos les vamos a 
presentar el resultado de 4 generos en 5 
departamentos. 

Los lugares que estan en color rojo, son los 5 
departamentos que recorrimos. 



a=Amambay, b=Canindeyu, c= San Pedro, d=Alto 
Parana, e=Itapua 
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Resultado 



Meloid.: Meloidogyne, 
Pratyl. \Pratylenchus, 
Rotyle. \Rotylenchulus, 
Helico .\Helicotilenchus 


Como se ve en el resultado no se a detectado el 
nematodo del quiste en Paraguay. Pero, en el 
transcurso del tiempo existen posibilidades de que 
ingresen por medio de maquinas contaminadas. 

Para el control del cultivo cuando se observen la 
aparicion de este nematodo, se debe evitar el 
monocultivo, introduciendo aquellas que no sean 
hospederos (como maiz) y la introduccion de plantas 
trampas tales como abonos verdes (tagetes o boton de 
oro, crotalaria, sorgo, avena, etc.) y mmimo dejar dos 
zafras para nuevamente cultivar la soja. 

Si se dispone de variedades resistentes al quiste, se 
recomienda averiguar primeramente las razas de 
nematodo s existentes para proceder a la eleccion de 
los cultivares resistentes. 
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Resultado 



a=Amambay, b=Canindeyu, d=Alto Parana, e=Itapua, 
f=Misiones 

El resultado de arriba es del ano 1999, no se a 
encontrado el nematodo del quiste. 

En comparacion al grafico de anterior aparece nuevo 
departamento que es Misiones. 
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Research Highlights No.8*@(2000) 

Contents 

1. China's WTO accession and its impact on domestic agriculture 

Research Information Division 

2. Genetic difference of resistance to Fusarium head blight in 
Japanese and Chinese wheat cultivars, Nobeokabouzu-komugi and 

Sumai 3 


Biological Resources Division 

3. Antisense suppression of proline degradation improves 

environmental stress tolerance in Arabidopsis 

Biological Resources Division 

4. The Nitrogen cycle for agricultural production in Khon Kaen 

province in Northeast Thailand 

Environmental Resources Division 

5. N balance in the grassland and in the soybean field, Brazil 

Environmental Resources Division 

6. Stimulated methane emission from a rice paddy under elevated 
atmospheric CO 2 

Environmental Resources Division 
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7. A method to retrieve snow depth and its melting condition 

Environmental Resources Division 

8. Varietal resistance to the whitebacked planthopper in Chinese 
japonica rice 

Crop Production and Postharvest Technology Division 

9. Evaluation of Indonesian soybean varieties for tofu and Tempe 

processing 

Crop Production and Postharvest Technology Division 

10. Isolation of white-spored mutants from the koji molds for the 
production of Kecap, an Indonesian soy sauce 

Crop Production and Postharvest Technology Division 

11. Alley cropping on the sloping upland field in Northeast Thailand 

Crop Production and Postharvest Technology Division 

12. Subsoiling treatment on the sloping upland field 

Crop Production and Postharvest Technology Division 

13. No-tillage cultivation of crops on the sandy upland field in 

Northeast Thailand 


Crop Production and Postharvest Technology Division 

14. Effects of mechanical weeding on the dominant upland weeds in 

Northeast Thailand 


Crop Production and Postharvest Technology Division 

15. Optimum seed rates in wet seeded rice culture in the Mekong 

Delta of Vietnam 


Crop production and Postharvest Technology Division 
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16. Selection of soybean varieties, non-host crop and antagonistic 

plant for nematode control in Paraguay 

Crops Production and Postharvest Technology Division 

17. Inhibition of the adipocyte differentiation of 3T3-L1 by an amino 
acid derivative in fermented foods 


Crop production and postharvest technology division 

18. The roles of tumor necrosis factor alpha (TNF/&) in genetic 

resistance of mice to Trypanosoma congolense infection 

Animal Production and Glassland Division 

19. Seeds of forage legume esparcet of Kazakhstan have a local 

seed size and high allelopathic activity 

Animal Production and Grassland Division 

20. Dry matter productivity and forage quality of Panicum maximum 

pastures established in agropastoral systems 

Animal Production and Grassland Division 

21. Nutritional diagnosis of sulfur in soybean plants 

Research Information Division 

22. Low impact harvesting method for tropical natural forests 

Forestry Division 

23. Decrease of organic waste by the polyculture of giant tiger prawn 

and green mussel 

Fisheries Division 

24. Purification of the wastewater from aquaculture ponds using the 
mangrove ecosystem 

Fisheries Division 
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25. Alleviation of the incidence of internal tipburn in Chinese 
cabbage by subsurface drip fertigation 

Okinawa Subtropical Station 

26. Complete nucleotide sequence and genetic organization of 

papaya leaf distortion mosaic virus RNA 

Okinawa Subtropical Station 

27. Molecular cloning of Na + -ATPase cDNA from a marine alga, 

Heterosigma akashiwo (Sodium-pump in plant cell) 

Okinawa Subtropical Station 

28. Simple crossing method of snap bean using physiological pollen 

sterility caused by high temperature treatment 

Okinawa Subtropical Station 

29. Occurrence of male sterile cytoplasm in 'Kurodane Kinugasa' 

snap bean 

Okinawa Subtropical Station 

30. Distinction of sucrose phosphate synthase loci in sugarcane 

Okinawa Subtropical Station 

Title : China's WTO accession and its impact on domestic agriculture 

Division : Research Information Division 

Author : Akihide IKEGAMI 

Key Words : China, WTO, Agriculture 

Synopsis : The day is not far distant when China joins WTO. So we need to evaluate the impact of WTO 
accession to Chinese agriculture. In this research, we try to investigate the impact of assumption that (1) 
Chinese government observes "Agreement on Agriculture" of WTO, (2) adoption of tariff-rate quotas in 
major crops and tariff reductions of other agricultural products depend on U.S.-China WTO Accession 
Agreement. 
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2000 Conference, p. 40. 
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1. Title : China's WTO accession and its impact on domestic 
agriculture 

Division : Research Information Division 

Author: Akihide IKEGAMI 

Key Words : China, WTO, Agriculture 

Synopsis : The day is not far distant when China joins WTO. So we need to evaluate the impact of WTO 
accession to Chinese agriculture. In this research, we try to investigate the impact of assumption that (1) 
Chinese government observes "Agreement on Agriculture" of WTO, (2) adoption of tariff-rate quotas in 
major crops and tariff reductions of other agricultural products depend on U.S.-China WTO Accession 
Agreement. 


2. Title : Genetic difference of resistance to Fusarium head blight in 
Japanese and Chinese wheat cultivars, Nobeokabouzu-komugi and 
Sumai 3 

Division : Biological Resources Division 
Author : Tomohiro BAN 

Key Words : disease resistance, doubled haploid, Fusarium head blight (Scab), integration of resistance 
genes 

Synopsis : Fusarium head blight (FHB, scab) caused by Fusarium graminearum is one of the most 
destructive diseases of wheat in areas where the weather is warm and humid after the heading of wheat. 

It reduces grain yield and quality due to grain shriveling. FHB also produces mycotoxins harmful to 
animals and human health, such as deoxynivalenol (DON), nivalenol (NIV), T-2 toxin, zearalenone 
(ZEA) and their derivatives. For controlling this disease, host resistance should be considered. Repeated 
screening of the genetic resources led to the identification of several resistant cultivars of spring wheat, 
such as Shinchunaga, Nobeokabouzu-komugi and Nyubai from the Japanese gene pool. Sumai 3, Ning 
7840 and CItr 11028 were also identified as resistant cultivars to FHB from the Chinese gene pool. The 
genetic constitutions of sources of resistance to FHB originating from different gene pools, however, 
have not yet been elucidated. It is essential to study the genetics of the resistance to FHB, including the 
identification of the genes responsible for resistance to FHB in several gene pools, so that different genes 
can be combined to improve the overall resistance of wheat. The objectives of the present study were to 
examine the difference in genetic constitution of resistance to FHB between Nobeokabouzu-komugi and 
Sumai 3 using doubled haploid lines (DHLs) derived from FI cross. 

From the cross combination of both highly resistant cultivars, transgressive segregants with the reaction 
of moderately resistant to FHB were found. Both parents seem to have at least one common gene for the 
resistance, because no DHL with the susceptible class was segregated. Chi-square test indicated that the 
segregation for the reaction to FHB fitted a three-gene model (7 R : 1 MR) in the population (Table 1 and 
Fig. 1). It is suggested that Nobeokabouzu-komugi have three dominant genes for the resistance, of 
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which two are unique and the another gene is identical to that of Sumai 3. This finding presents an 
important promise for pyramiding resistance genes from different genetic background. Furthermore, 
many lines with very high level of resistance combining genes from the both parents have been selected 
for possible use as parental lines. 

3. Title : Antisense suppression of proline degradation improves 
environmental stress tolerance in Arabidopsis 

Division : Biological Resources Division 
Author : Kazuko YAMAGUCHI-SHINOZAKI 

Key Words : Proline, Transgenic plant, Antisense, Freezing tolerance, Salinity tolerance 

Synopsis : Many plants accumulate free proline (Pro) in response to environmental stresses such as 
drought, high salinity, and low temperature. P5CS is a rate-limiting enzyme in Pro biosynthesis and 
ProDH is an enzyme responsible for the first step of Pro degradation. To elucidate essential roles of Pro, 
we generated antisense transgenic Arabidopsis plants with P5CS or ProDH cDNAs. The P5CS antisense 
transgenic plants accumulated Pro at a significantly lower level than wild-type plants, and were 
susceptible to osmotic stress. In contrast, the ProDH antisense transgenic plants showed enhanced 
accumulation of Pro and tolerance to freezing and high salinity. These results will help us to improve 
crop tolerance to abiotic stresses. The constitutive accumulation of Pro due to inhibition of its 
degradation may be a promising approach to creating environmental stress tolerant crops. 


4. Title : The Nitrogen cycle for agricultural production in Khon Kaen 
province in Northeast Thailand 

Division : Environmental Resources Division 
Author : Naruo MATSUMOTO 

Key Words : Nitrogen Cycle, Nitrogen Flow, Nitrogen Balance, Crop Residues, Animal Feces 

Synopsis : Soils in Northeast Thailand are characterized by a sandy texture and being low in capacity for 
nutrient supplying. These inherited characteristics typical of a poor fertile soil are the major limiting 
factors for crop productivity. One possible way to improve soil fertility may be to use locally available 
nutrient resources such as crop residues and animal feces more efficiently. In order to identify the 
available resources, it is necessary to quantify nutrient cycle through agricultural activities such as crop 
and livestock production in the region, and clarify limiting factor for effective utilization of the nutrient 
resources. In this report emphasis is placed on nitrogen as it is a major nutrient element. 

A complete picture of the nitrogen cycle for agricultural production in Khon Kaen province was 
developed based on data from crop yields, chemical fertilizer application rate, animal feed supply, human 
food supply, production and usage of crop residues, animal and human feces and garbage, etc. These data 
were collected from agricultural statistics (1990-92), research reports, study reports, field observation, 
interview with farmers, and information from Thai researchers. 
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The nitrogen left as crop residues amounted to 52 kg ha -1 yr -1 , out of which 12 kg was fed to animals, 
29 kg emitted to the environment by burning, and 11 kg returned to farmland. It is speculated that 
although crop residues were the main nitrogen resource in the area, the rate of recycling back to the 
farmland was limited. Animals received 23 kg ha -1 yr -1 of nitrogen from the weeds as feeds besides the 
crop residues and provided 22 kg ha -1 yr -1 of nitrogen to the farmland as feces, which was 80 % of 
nitrogen produced as animal feces. The nitrogen withdrawal as crop harvests (30 kg ha -1 yr -1 ) was 
more than the nitrogen amendment as animal feces, suggesting that it was not feasible to fulfill the crop 
N demand only through application of the animal feces because of limited animal husbandry activities in 
the area. Chemical fertilizer application was limited only to 18 kg ha -1 yr -1 of nitrogen, clearly 
indicating that local farmers have applied no or low rate of chemical fertilizer to most of the crops even 
in the recent years. The nitrogen losses through denitrification, leaching, erosion and emission, and 
nitrogen gains through atmospheric N 2 fixation, irrigation and rainfall were also roughly estimated to 
draw a nitrogen balance sheet that consequently showed a negative value of 40 kg ha -1 yr -1 . 
Considering that there is still 58 kg ha -1 yr -1 of nitrogen deficit to the farmland, more efficient 
utilization of available organic resources should be necessary in order to reduce negative value in the 
nitrogen balance. 

5. Title : N balance in the grassland and in the soybean field, Brazil 

Division : Environmental Resources Division 

Authors : Kenichi KANDA 

Key Words : Brazil, Cerrado, N balance 

Synopsis : N balance was measured in a continuous grassland and a continuous soybean field, Cerrado in 
Brazil. Large amount of nitrate was observed to be accumulated in the subsoil of the continuous soybean 
field. Although N fertilizer was not applied, N balance showed negative values for the continuous 
grassland as well as the continuous soybean field. The negative values were greater in the continuous 
soybean field than those in the continuous grassland. 


6. Title : Stimulated methane emission from a rice paddy under 
elevated atmospheric CO 2 

Division : Environmental Resources Division 
Author : Kazuyuki YAGI 
Key Words : 

Synopsis : Flooded rice cultivation is considered to be one of the major sources of atmospheric methane. 
It is pointed out that recent increase in the rice production has contributed to the global warming by 
increasing methane emissions. Elevated CO 2 in the atmosphere may have a positive effect on the 
emission increase through accelerating the rate of carbon turnover in rice-soil system. 

We examined the effect of elevated CO 2 on methane emission from a rice paddy using six 
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computer-controlled growth chambers. The experiments were conducted for two entire growing seasons 
of rice in 1998 and 1999. The CO 2 concentration was kept at 350 ppm (ambient) in three of the 
chambers, and at 650 ppm (elevated) in the other three chambers. Methane emission rates in the 
chambers were determined by an automated monitoring system. 

Seasonal methane emission rates in ambient and elevated conditions were 18.4 and 21.8 g/m 2 , 
respectively, in 1998. The rates in 1999 were 5.6 and 13.7 g/m 2 , respectively, which were significantly 
lower than those in 1998, possibly caused by lower application rate of rice straw prior to transplanting 
rice plants. The results showed that elevated CO 2 increased seasonal methane emission significantly 
(P<0.05). The increase in the emission rates was mainly observed after the middle growth stage. Elevated 
CO 2 also increased aboveground biomass of the rice plant. 


7. Title : A method to retrieve snow depth and its melting condition 

Division : Environmental Resources Division 
Authors : Hiroyuki OHNO 

Key Words : microwave, SSM/I, snow depth, snow melt 

Synopsis : Synopsis: In this study, authors improved the accuracy of snow depth estimation and 
established an index which represented melting situation of deposited snow from microwave brightness 
temperature, observed by a space bom passive microwave radiometer (SSM/I). A daily dataset consisting 
of ground measured snow depth and microwave brightness temperature for 339 points over North East 
Asia, from October 1993 to April 1998 was produced. Data archives produced by NCDC, NSIDC and 
IMH in Mongolia were used as the data sources. 

At most of the points, the difference of brightness temperatures between 19GHz and 37GHz ( ”T) 
indicated almost linear relationship with snow depth. Its slope and offset did not change much on a year 
to year basis although they changed markedly from place to place. Based on this fact, a multi-linear 
formula that determined the parameters from five geographic information (climatic maximum snow 
depth, vegetation index, polarization index of 37GHz in February, brightness temperature of 19GHz in 
Febmary, and altitude) was established. Using the pair of raster map of the slope and offset generated 
with the equation, one can estimate snow depth from satellite image more accurately. 

It was found that difference of ”T in the morning and that in the preceding evening, was able to detect 
the melting snow pack. 


8. Title : Varietal resistance to the whitebacked planthopper in 
Chinese japonica rice 

Division : Crop Production and Postharvest Technology Division 
Authors : Kazushige SOGAWA 

Key Words : Varietal resistance, Whitebacked planthopper, Chinese japonica rice 
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Symopsis : Despite its significant contribution to the rice production increase in 1980's in China, Chinese 
hybrid rice has caused great changes in insect pest status in the paddy fields, because of its high 
vulnerability to insect infestations. Among the insect pests, the whitebacked planthopper, Sogatella 
furcifera , has dramatically emerged as a key pest of the hybrid rice. S. furcifera infests not only the 
hybrid rice, but also the japonica rice in Middle China by massive immigrations from the hybrid 
rice-prone area in South China. There is a growing fear of deterioration of sustainable rice production 
ecosystem under the increasing insecticide treatments. Insect resistance in rice varieties is an alternative 
tool to cope with the pest threats, which is compatible with biological and ecological approaches of pest 
management. 

A Chinese japonica rice, Chenjiang 06 (CJ-06), expressed a strong field resistance to S. furcifera 
infestations. The immigrants of S. furcifera did not prefer to settle on CJ-06, and failed to establish 
populations on the variety. Significantly less honey dew excretion by female adults of S. furcifera 
indicated their reluctant sucking on CJ-06 sap. Adult fecundity was reduced to about one third on CJ-06 
as compared with susceptible varieties, because of suppressed sap ingestion on CJ-06. Besides, S. 
furcifera eggs suffered from a high mortality in the watery lesions induced at oviposition sites of CJ-06. 
From these results, field resistance in CJ-06 to S. furcifera was explained by two distinct mechanisms, 
namely the sucking suppression and the ovicidal function. The sucking suppression was the primary 
cause of the antixenosis of CJ-06 against S. furcifera immigrants as well as the antibiosis to reduce 
fecundity of the inhabitants. The ovicidal function is another antibiotic resistance induced by a specific 
interaction between CJ-06 and S. furcifera eggs. 

The sucking suppression and ovicidal function were inherited independently. The F2 populations from 
the crosses between CJ-06 and the susceptible TNI variety were segregated into 4 phenotypes with 
different combinations of sucking suppression and ovicidal function. The segregation rations fitted 
statistically to the theoretically expected ratio of 45:15:3:1, where 2 dominant and 1 recessive genes 
presumably controlled sucking suppression and ovicidal function, respectively. 

Preliminary genealogical analysis indicated that the both resistance traits to S. furcifera in CJ-06 were 
derived conjointly from a single parental line, Xiushui 620. The other parental line, C81-40, had only the 
ovicidal activity. Sucking suppression and ovicidal resistance in Xiushui 620 were independently 
inherited from Xiushui 04 and Xianghu 24, respectively. 


9. Title : Evaluation of Indonesian soybean varieties for tofu and 
Tempe processing 

Division : Crop Production and Postharvest Technology Division 
Author : Sayuki NIKKUNI 

Key Words : characteristics of soybean, Indonesian soybean, tofu, Tempe 

Synopsis : In the collaborative research project with Research Institute for Legume and Tuber Crops 
(RILET) of Indonesia, physical, chemical and processing characteristics of 14 Indonesian soybean 
varieties were investigated. Indonesian soybeans contained much more proteins and less lipids than the 
soybean samples imported from USA did. One hundred grain-weights of Indonesian soybeans except 
Argomulyo, Bromo, and Burangrang varieties were lower than those of imported ones. Tofu was 
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prepared using either glucono-"-lactone (GDL) or acetic acid as a coagulant. Acetic acid is commonly 
used as a coagulant in Indonesia. The results obtained in this work showed that protein content of 
soybean is the most important factor for the hardness and yield of tofu prepared using either GDL or 
acetic acid. It is clarified that Indonesian soybeans are superior for preparing tofu using either GDL or 
acetic acid as a coagulant compared to the soybean imported from USA due to their protein contents and 
whitish color of tofu product. In Tempe making, the 100-grain weight of raw soybeans was found to be 
the most important factor for both yield and sensory evaluation of Tempe. An Indonesian soybean variety 
that has a 100-grain weight of around 15 grams as imported soybeans do was found to be suitable for 
Tempe processing. 


10. Title : Isolation of white-spored mutants from the koji molds for 
the production of Kecap, an Indonesian soy sauce 

Division : Crop Production and Postharvest Technology Division 
Authors : Sayuki NIKKUNI 

Key Words : Kecap, Tauco, koji, aflatoxin, Aspergillus , white-spored mutant, inoculum 

Synopsis : A collaborative joint research work between JIRCAS and Research Institute for Legume and 
Tuber Crops (RILET) on improvement of fermented soybean food, Kecap, was conducted at RILET in 
Indonesia. Koji samples were collected from Kecap and Tauco factories in Java Island. Aspergillus was 
the dominant mold genus in five out of six koji samples, while one sample contained Mucorales as 
dominant fungi. Aspergillus contributed to hydrolysis of soybean proteins much more than the 
Mucoraceous fungus isolated from Tempe starter did. Although no aflatoxin was detected in these koji 
samples, two isolates out of 24 isolates from the Kecap and Tauco koji samples produced aflatoxins. In 
order to develop a pure culture starter for Kecap koji making, white-spored mutants were isolated by 
UV-irradiation from the selected Aspergillus strains. All white-spored mutants were proved to be 
aflatoxin-negative. The Kecap koji prepared by inoculating the mutant could be distinguished from that 
prepared by inoculating the original koji mold strain or the aflatoxin producer by developing a typical 
white color spores during koji making. Theformol nitrogen contents of the Kecap mashes prepared by 
using white-spored mutants were almost same as those of prepared using original strains. Therefore, it is 
expected that a white-spored mutant can be applied as a starter for Kecap koji making from the 
standpoint of food safety. 


11. Title : Alley cropping on the sloping upland field in Northeast 
Thailand 

Division : Crop Production and Postharvest Technology Division 
Authors : Nobuyuki KABAKI 

Key Words : Alley cropping, Leucaena leucocephala, Pruning 
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Synopsis : A model field for alley cropping (0.5ha:50xl00m) was set up with a leguminous tree species, 
Leucaena leucocephala , on the contour lines in the 5% sloping field in Northeast Thailand to prevent 
erosion and to supply organic materials into upland fields. Growth of crops (sweet com, mungbean etc.) 
was evaluated at various distances from trees. Shading by tree canopy in rainy season and depletion of 
water by roots of trees in dry season were the main obstacles to crop growth when the trees and crops 
were planted closely. Width of tree rows was reccomended to be 20m in view of crop production, 
mechanized crop management and prevention of soil erosion. Pruning of alley trees and subsequent 
supply of organic materials were effective to improve soil properties. Regeneration of twigs after pruning 
followed a similar pattern as that of the annual rainfall, and the appropriate frequency of pruning was 
three times in a year to save the labor under the sequential crop cultivation through rainy and dry season. 


12. Title : Subsoiling treatment on the sloping upland field 

Division : Crop Production and Postharvest Technology Division 

Authors : Nobuyuki KABAKI 

Key Words : Subsoiling, Soil moisture, Soil hardiness 

Synopsis : Subsoiling treatment was conducted at the beginning of rainy season by cracking soil layer 
(50*'60cm depth) in the direction of contour lines in the sloping upland field. It was effective to 
accumulate running rain water leading to a higher moisture content in the deep layer of soil in dry 
season. Soil hardiness was also reduced by subsoiliong treatment reflecting higher soil moisture. Growth 
of crops was accelerated owing to the availability of water, which was more distinctive in dry season 
cultivation. In addition, enhanced physiological activities in the leaves as indicated by leaf color index 
and transpiration were also noticed. Combination with no-tillage cultivation was recommended in order 
to withdraw maximum advantage from the treatment. 

13. Title : No-tillage cultivation of crops on the sandy upland field in 
Northeast Thailand 

Divisiuon : Crop Production and Postharvest Technology Division 

Authors : Nobuyuki KABAKI 

Key Words : No-tillage, Erosion, Soil moisture 

Synopsis : No-tillage cultivation of seed crops (maize, legumes, etc.) is a promising technique to develop 
a large scale production on the sandy soil in Northeast Thailand. No-tillage seeding alleviated busy and 
laborious odd jobs for land preparation at the beginning of rainy season, and prevented soil erosion 
which was commonly observed after the tillage of fields. It was also effective to preserve soil moisture in 
dry season due to the undisturbed soil condition. The growth of crops in no-tillage was generally superior 
to that in tillage seeding. In rainy season, crust formation on the soil surface inhibited the growth in 
tillage seeding. The higher soil moisture in no-tillage contributed to a vigorous growth in dry season. A 
no-tillage seeder with rotary disk and drill seeder was manufactured and tested for applicability, which 
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worked Satisfactorily on the sandy soil performing accurate grooving and seeding. 


14. Title : Effects of mechanical weeding on the dominant upland 
weeds in Northeast Thailand 

Division : Crop Production and Postharvest Technology Division 

Author : Nobuyuki KABAKI 

Key Words : Mechanical weeding, Richardia scabra 

Synopsis : Mechanical weeding with the use of small rotary tiller attached to soil manipulator was 
effective to control a dominant upland weed, Richardia scabra L in Northeast Thailand. Inter-tillage 
between the row of crops could be conducted at a walking speed (1.6 m/min) alleviating the hard labor 
for hand weeding. Weeds lost the water content after uprooting and eventually withered to death. In the 
field condition, 2*'3 hours was enough to reach this critical water deficit, which could be used as a 
criterion of operation under variable weather conditions. We also observed the difference in the effects of 
mechanical weeding on the growth of crops and weeds. The fast growing crops such as sorghum and 
pearl millet were more tolerant to weeds, and the frequency of weeding could be reduced compared to 
that for relatively slow growing crops such as sweet com and mungbean. Proliferation of weeds was also 
suppressed by the former crops. 


15. Title : Optimum seed rates in wet seeded rice culture in the 
Mekong Delta of Vietnam 

Division : Crop production and Postharvest Technology Division 
Author : Hiroyuki HIRAOKA 

Key Words : Wet seeded rice culture, Double cropping, Triple cropping, Seed rate,, Mekong Delta, 
Vietnam 

Synopsis : Double and triple cropping in wet seeded rice culture(WSC), which is broadcasting the 
pre-germinated seeds on the wet soil after the land preparation and draining out the standing water on the 
paddy fields, is predominant in the Mekong Delta area. The rice yields per hectare in the WSC have been 
stagnated since 1995. A feature in the WSC is to use seed rates as high as 200 to 300kg ha -1 . So, we 
tried to identify the optimum seed rates in order to increase the yields per hectare and decrease the seed 
rates. The field trials on the seed rates were carried out in the fields at Cuu Long Delta Rice Research 
Institute and two other sites in Can Tho Province. Number of panicles per m 2 significantly decreased as 
the seed rates decreased from the conventional one (200kg ha -1 ) in both dry and wet seasons. In 
contrast, the filled grains per panicle significantly increased as seed rates decreased from the 
conventional one in both seasons. As the 1000 filled grains weight at different seed rates were almost 
same, the grain yields at different seed rates were decided by the number of filled grains per m 2 . The 
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highest yields were obtained at the seed rates from 50 to 100 kg ha -1 in both seasons. However, taking 
the establishment of sufficient number of seedlings into consideration, 80 to 100 kg ha -1 were 
recommended as the practical seed rates. The recommended seed rates also have another advantage of 
saving 1/2 to 1/3 of the conventional seed rates. It is important that the seed rates should be applied to the 
paddy fields with smooth land level, and good irrigation and drainage facilities, and to the renovated 
farmers. 


16. Title : Selection of soybean varieties, non-host crop and 
antagonistic plant for nematode control in Paraguay. 

Division : Crops Production and Postharvest Technology Division. 

Author : Kei SHIMIZU 

Key Words : Meloidogyne javanica, Pratylenchus coffeae, Rotylenchulus reniformis, soybean, control, 
Paraguay. 

Synopsis : Five soybean varieties for Meloidogyne javanica control, one soybean varity, one non-host 
crop and one antagonistic plant for Pratylenchus coffeae control, three soybean varieties and one 
non-host crop for Rotylenchulus reniformis control were selected. 


17. Title : Inhibition of the adipocyte differentiation of 3T3-L1 by an 
amino acid derivative in fermented foods 

Division : Crop production and Postharvest Technology Division 
Author : Kazuhiko NAKAHARA 

Key Words : 3T3-L1, adipocyte, differentiation, fermented food, soybean, MTCA 

Synopsis : The inhibitory activity toward the adipose differentiation of 3T3-L1 preadipocyte was 
determined for ten kinds of fermented foods. A promising activity was detected in the methanolic 
extracts of miso (fermented soybean paste), soy sauce, tau-jaw (fermented soybean in Thailand, 
semi-liquid) and su-fu (fermented tofu). Two compounds were isolated from miso as the active principle. 
They were identified as (-)-(IS ,3S)~ and (-)-( 1R , 3S )-l-methyl-1, 2, 3, 

4-tetrahydro-B-carbolin-3-carboxylic acid. The morphological change in 3T3-L1 adipose differentiation 
was suppressed in the presence of these compounds. The induction of glycerol-3-phosphate 
dehydrogenase was suppressed to 55.9 •} 3.1% and 44.9 •} 2.7% by (IS, 3S)-MTCA and (1R, 
3S)-MTCA, respectively, at a concentration of 20 ?g/ ml. 
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18. Title : The roles of tumor necrosis factor alpha (TNF fc) in genetic 
resistance of mice to Trypanosoma congolense infection 

Division : Animal Production and Glassland Division 
Author : Hiroshi KITANI 

Key Words : trypanosomiasis, genetic resistance, tumor necrosis factor alpha, mice 

Synopsis : To extend observations on the roles of tumor necrosis factor alpha (TNF±) in murine genetic 
resistance to trypanosomiasis, TNF±-gene knockout mice (on a C57BL/6 background) and C57BL/6 
wild-type mice were infected with Trypanosoma congolense IL 1180. As reported previously, TNF 
±-deficient mice are highly susceptible to T. congolense infection with a mean survival time of 35 days in 
this study, while the wild-type mice had a mean survival time of 91 days. TNF±-deficient mice showed 
significantly higher parasitaemia levels than the wild-type mice and they also failed to develop germinal 
centers in the peripheral lymphoid organs. However, production of T. congolense -specific 
immunoglobulin M (IgM) and IgG was similar in the two mouse strains. Hepatic acute phase proteins, 
including ceruloplasmin, ±l-acid glycoprotein and serum amyloid P were induced similarly in knockout 
and wild-type mice. These findings indicate that TNF± contributes to control of parasitaemia during 
experimental T. congolense infection in mice. Further studies will be needed to determine whether TNF± 
controls T. congolense parasitaemia in mice directly or indirectly. 


19. Title : Seeds of forage legume esparcet of Kazakhstan have a 
local seed size and high allelopathic activity 

Division : Animal Production and Grassland Division 
Author : Kenzi SATO 

Key Words : Allelopathy, Esparcet, Germination, Kazakhstan, Legume, Locality, Seed size 

Synopsis : Esparcet ( Onobrychis spp.) is cultivated in Central Asia and is an important legume for soil 
fertilization and for feeding. We evaluated the germination and allelopathic activity of the esparcet seed 
produced in Kazakhstan. An individual plant of esparcet has many seeds, but one seed is in one pod. 
These seeds have a local morphology including seed size. The germination of esparcet seed without pod 
was faster than that of seed within the pod. In checking allelopathic effect using the sandwich method 
(Fujii and Shibuya, 1991), allelopathic activity of seed without pod was much higher than those of seed 
with pod and only pod. These results will help us in establishing a technology of esparcet in connection 
with weed control using the allelopathy. 
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20. Title : Dry matter productivity and forage quality of Panicum 
maximum pastures established in agropastoral systems 

Division : Animal Production and Grassland Division 
Author : Tsutomu KANNO 

Key Words : Crude protein, Digestibility, Dry matter productivity, Panicum maximum 

Synopsis : Dry matter productivity and forage quality were evaluated for Panicum maximum pastures 
established after 4 years of consecutive soybean cultivation in the summer (PM-SO), and 4 years of 
rotation of soybeans in the summer and millet for winter grazing (PM-MI). In the PM-SO pasture, dry 
matter production was much higher than that in the PM-MI pasture, and the content of crude protein and 
digestibility of the aboveground plant parts of PM-SO were also higher than those of PM-MI 
counterparts. It was considered that the cropping sequence before the pasture establishment affected the 
soil nitrogen fertility, which resulted the differences in the forage productivity and quality of the two P. 
maximum pastures. 


21. Title : Nutritional diagnosis of sulfur in soybean plants 

Division : Research Information Division 
Author : Kiyoko HITSUDA 

Key Words : Soybean, Criterion of sulfur concentration, Protein composition, Sulfur concentration in 
soybean plants 

Synopsis : Soybean cultivation is expanding rapidly into the northeastern areas of Brazil and a study on 
soil fertilization in the region is necessary to serve as a basis for soil management. The criteria to 
maintain appropriate contents of nutrient elements in the plants should be studied. The supply of sulfur 
(S), manganese (Mn), zinc (Zn), boron (B) and copper (Cu) in two cerrado soils of the region was 
studied. The first limiting factor for soybean growth was S-deficiency in both the soils. The S 
concentration in the 3 rd leaf at the flowering and in the grains at harvesting varied in a 1:1 ratio. Both 
concentrations were categorized from a point of grain production and of its protein composition. The 
classification was as follows: Severly lacking in case less than 1.0 g/kg; lacking at the range from 1.0 
g/kg to 2.0 g/kg; low from 2.0 g/kg to 2.3 g/kg; and the normal at more than 2.3 g/kg. To obtain a 
satisfactory yield, the sulfuric material should be applied until the S concentration in 3 rd leaf and/or 
grains becomes as high as 2.3 g/kg. 
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22. Title : Low impact harvesting method for tropical natural forests 

Division : Forestry Division 
Author : Shozo SASAKI 

Key Words : Reduce impact logging, harvesting method, tropical forests 

Synopsis : To reduce harvesting impacts of selective cutting operations in tropical natural forests, we are 
conducting the following studies; 1. Examination of soil compaction caused by bulldozer logging 
operations, and the effect of controlled felling direction, 2. Development of new cable yarding system 
using mobile tower yarder, which has an advantage in harvesting impacts over conventional system. 


23. Title : Decrease of organic waste by the polyculture of giant tiger 
prawn and green mussel 

Division : Fisheries Division 
Author : Junya HIGANO 

Key Words : Giant tiger prawn, green mussel, organic matter polyculture 

Synopsis : Intensive prawn culture discharges a large amount of organic waste to the environment. We 
carried out studies on the monoculture of gian tiger prawn and the polyculture of giant tiger prawn and 
green mussel in concrete tanks and the earthen ponds in Thailand in relation to nutrient budget and water 
quality. In concrete tanks, the survival rates of shrimp at densities of 20, 30, 50 ind/m 2 were 75, 70, 62% 
in monoculture and 68, 65, 59% in polyculture, and the survival rates of green mussel were 43, 24 and 
0.3%, respectively. Conversion ratio of feed's nitrogen to prawn was 21% in polyculture and 16% in 
monoculture, and ratios for the discharge were 56 and 71%, respectively. In earthen ponds, the 
production of prawn in polyculture and monoculture was 1.5 and 2.05 tons/ha, respectively. Green 
mussel only assimilated 2.7% and 4.4% of feed's nitrogen and carbon, respectively. However, the amount 
of the organic sediment was 368 and 793 m 3 /ha, in polyculture and monoculture, respectively. 
Consequently the polyculture contributed to reduction of the organic sediment, presumably due to the 
assimilation by green mussel and the other effects. 


24. Title : Purification of the wastewater from aquaculture ponds 
using the mangrove ecosystem 

Division : Fisheries Division 
Author : Torn SHIMODA 

Key Words : mangrove, nutrients, chlorophyll, nitrogen removal rate 
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Synopsis : An experiment was carried out using a semi-closed system, in which the wastewater from the 
prawn aquaculture ponds was passed through a mangrove afforested area with the aim of improving its 
quality before its return to the aquaculture ponds. The effect on the decrease in environmental load was 
examined. Watercourse 1, leading from the aquaculture ponds to the mangrove ponds, appeared to be the 
main site of decomposition for uneaten feed and generation of nutrients. Furthermore, a balance between 
decomposition and generation was observed in the mangrove pond; and nutrients were taken up by the 
phytoplankton in the prawn aquaculture ponds. During the experimental period, 22.37 kg of nitrogen was 
removed by the mangrove ecosystem. The nitrogen removal rate was calculated to be 62 - 232 mgN/m 3 
/day. 


25. Title : Alleviation of the incidence of internal tipburn in Chinese 
cabbage by subsurface drip fertigation 

Division : Okinawa Subtropical Station 
Author : Kazuo SUGAHARA 

Key Words : Chinese cabbage (Brassica pekinensis Rupr), fertigation, internal tipbum, subsurface drip 
system 

Synopsis : The potential of subsurface drip fertigation in reducing the incidence of internal tipbum in 
Chinese cabbage (Brassica pekinensis Rupr) was evaluated against conventional fertilization. In 
fertigation plots, nutrient solutions were applied weekly at a rate of 5 g N m -2 through subsurface drip 
system for eight consecutive weeks. In the control plots, a compound fertilizer containing crotonylidene 
diurea was applied at a rate of 25 g N m -2 before transplanting. Fertigation significantly reduced the 
tipburn incidence in all the five cultivars tested without any adverse effect on the yield. Among the five 
cultivars, Yuki in the fertigation plots expressed almost the complete tolerance to the tipbum incidence. 
Alleviation of the tipbum incidence was closely related to the level of total N and Ca/TN ratio in the 
inner leaves. 


26. Title : Complete nucleotide sequence and genetic organization of 
papaya leaf distortion mosaic virus RNA 

Division : Okinawa Subtropical Station 
Author : Tetsuo MAOKA 

Key Words : Papaya, Plant virus, Papaya leaf distortion mosaic vims, Complete nucleotide sequence 

Synopsis : Papaya leaf distortion mosaic vims (PLDMV) and Papaya ringspot virus P type (PRSV-P) 
have been reported as the causal vimses of papaya disease in Japan. Both of them belong to the genus 
Potyvirus . The complete nucleotide sequence of the RNA genome of PLDMV was determined by 
overlapping cDNA clones and primer extension. The genomic RNA is 10,153 nucleotides in length, 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah12/jircas2001_e.html (13 of 16) [10/7/2002 8:41:22 PM] 



JIRCAS —%oE*T*n No.8 

excluding the poly(A) tract, and contains one large open reading frame encoding a polyprotein of 3,269 
amino acids. Cleavage sites were predicted by analogy with the other potyviruses. The genetic 
organization of PLDMV RNA is proposed to be PI, the first proteinase; Hc-Pro, helper component 
proteinase; P3, the third protein; 6K1 and 6K2, 6kDa protein 1 and 2; Cl, cytoplasmic inclusion protein; 
NIa, nuclear inclusion protein "a" including the VPg (NIa-Vpg) and NIa proteinase (NIa-Pro); Nib, 
nuclear inclusion protein "b"; CP, coat protein. The genetic organization of PLDMV is similar to that of 
the other potyviruses. The PI protein of potyviruses is the most variable and may be considered 
important for identification of individual potyviruses. It might be useful for distinguishing between 
PLDMV and PRSV-P by RT-PCR. The sequence will be used for achieving transformation into papaya 
to make a PLDMV resistant papaya. 


27. Title : Molecular cloning of Na + -ATPase cDNA from a marine 
alga, Heterosigma akashiwo 
(Sodium-pump in plant cell) 

Division : Okinawa Subtropical Station 
Author : Mariko SHONO 

Key Words : Salt tolerance, Na + -pump, Na + -ATPase, Alga 

Synopsis : Soil salinity is a major abiotic stress in agricultural production worldwide. Breeding of salt 
tolerant crops through genetic engineering is considered as one of the effective methods to solve that 
problem. Novel Na + -ATPase (HANA) cDNA from H. akashiwo was cloned as a target gene for the 
transformation. The full-length HANA cDNA was 4467-bp long and coded for a 1330-amino acid 
protein with a molecular weight of 146 and 306. HANA showed around 40% homology with animal Na 
+ /K + -ATPase ±-subunits in regards to identity of amino acids. A hydrophilic sequence of 285 amino 
acid residues that showed no homology with any sequence listed in databases existed in the M7-M8 
junction of HANA. A phylogenetic tree of a P-type ATPase family comprised of three major clusters, 
mainly correlating with cation specificity, as follows: Ca 2+ -ATPases, H + -ATPases, and Na + /K + 
-ATPases. HANA is included in the cluster of Na + /K + -ATPases, being especially close to the Na + 
/K + -ATPases in invertebrates such as Artemia, Drosophila , or Hydra . However, yeast Na + -ATPases 
are classified into the cluster of Ca 2+ -ATPases. This is the first report on the primary structure of 
putative Na + transporting ATPase from the plant cells. 


28. Title : Simple crossing method of snap bean using physiological 
pollen sterility caused by high temperature treatment 

Division : Okinawa Subtropical Station 
Author : Yoshinobu EGAWA 
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Key Words : Crossing method, Snap bean, Phaseolus vulgaris , Heat treatment, Pollen sterility, Pod 
setting 

Synopsis : High temperature causes pollen sterility in snap bean (Phaseolus vulgaris L.) rather easily. 
When 'Light Green' snap bean was exposed to a high temperature (35 •Z) for 72 hours, the flowers that 
opened 8 to 12 days after the onset of heat treatment did not set pods by selfing. However, pod setting 
was 75% and 100 % 10 days and 11 days after the treatment, respectively, when the heat-treated 'Light 
Green' was crossed with fertile pollen of 'Haibushi' snap bean following the procedures described below. 
Crossing was carried out on the day of flowering without castration. Stigma easily protruded from the 
open mouth of keel petal by pressing down wing petals with fingers, which was pollinated with fertile 
pollen of 'Haibushi'. Hybridity of the plants obtained from the crossing were examined after 8 to 12 days 
of the heat treatment based on the coloration of hypocotyl. It was concluded that crossing method 
proposed by us did not require skilful castration technique and enabled us to produce F 1 hybrids for 
practical and experimental uses efficiently and highly successfully. 


29. Title : Occurrence of male sterile cytoplasm in 'Kurodane 
Kinugasa 1 snap bean 

Division : Okinawa Subtropical Station 
Author : Yoshinobu EGAWA 

Key Words : Cytoplasmic male sterility, Snap bean, Phaseolus vulgaris , 'Kurodane Kinugasa' 

Synopsis : 'Kurodane Kinugasa' Snap bean produced semi-sterile hybrids when crossed as a seed parent 
with 'Haibushi'. Pollen stainability of the hybrid plants by aceto-carmine staining was 36.8 %. Since the 
reciprocal cross, 'Haibushi'*~'Kurodane Kinugasa' exhibited a high pollen stainability (83.8 %), the 
occurrence of male sterility in this cross combination is concluded to be cytoplasmic. B 1 F 1 progeny 
derived from ('Kurodane Kinugasa'*~'Haibushi')*~'Kurodane Kinugasa' segregated into semi-sterile (12.8 
to 26.5 % pollen stainability) and fertile (87.0 to 95.4 % pollen stainability) plants in a 1:1 ratio. 
'Kurodane Kinugasa' is considered to have a single major restorer gene whose action is gametophytic. 

We have developed a cytoplasmic male sterile line of 'Haibushi' by recurrent backcrossing. 'Haibushi' is a 
heat-tolerant variety and exhibits high yielding ability in summer cultivation. To establish F 1 varieties of 
snap bean using male-sterile 'Haibushi' line as one parent, we are now exploring snap bean lines with 
sporophytic restorer gene(s) against this cytoplasmic male sterility. 


30. Title : Distinction of sucrose phosphate synthase loci in 
sugarcane 

Division : Okinawa Subtropical Station 
Author : Takayoshi TERAUCHI 
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Key Words : Locus, Sucrose phosphate synthase, Sugarcane, Southern blot 

Synopsis : Sucrose phosphate synthase (SPS) is considered to be an important enzyme in sucrose 
accumulation in sugarcane stems, as well as in sucrose transportation in photosynthesis of higher plants. 
Sugarcane genomic DNA was analyzed by southern blot analysis using combination of three restriction 
enzymes and four DNA fragments constructed from maize SPS cDNA as probes. Two recognition sites 
of each Hin d III and Sac I enzyme commonly existed in detected sugarcane SPS gene. Southern blot 
analysis using combination of Sac I enzyme and the 3'-end-side fragment of maize SPS cDNA as probe 
is considered to indicate SPS loci variation in sugarcane. Polymorphic band patterns were observed in 
sugarcane genetic resources by this method. The method enables SPS loci screening on genetic 
resources. 
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1 . 


Title 

Simulation analysis of food security using a food supply-demand model 

Division 

Research Information Division 

Author 

Osamu Koyama 

Key words 

Food supply-demand model, trade liberalization, food security 

Synopsis 

A simulation analysis was conducted using an econometric model, which was partially 
modified from a food supply-demand model built in OECD. The results shows that 
introduction of trade liberalization policy in the low-income food deficit countries in 
Asia would undermine the food security situation in the region, if external shocks such 
as crop failure in food exporting countries or currency depreciation in food importing 
countries occurred. 
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Title 

Local rice varieties indigenous to the Mekong Delta, Vietnam, for screening of 
salinity tolerance. 

Division 

Biological Resources Division 

Author 

Tomohiro Ban, Vuong Dinh Tuan 

Key words 

DNA marker, Genetic diversity, Local rice, Microsatellite, Salinity tolerance 

Synopsis 

JIRCAS’ Comprehensive Project on the “Development of new technologies and their 
practice for sustainable farming systems in the Mekong Delta” has an important 
component addressing the genetic diversity angle in Mekong Delta agriculture. Due to 
the introduction of high-yielding rice varieties, traditional varieties with stress 
tolerance might disappear rapidly. Dr. V. D. Tuan, JIRCAS Research Fellow, worked 
with JIRCAS staff in the analysis of genetic diversity of traditional varieties in the 
region. 

A total of 43 microsatellite primers were used for the genetic diversity analysis of 60 
traditional rice varieties, five upland rice varieties from the region and 10 other lines 
as reference. Those 75 lines were grouped into four major groups (Figure 1). All 
japonica type varieties were clustered into Group I and indica type into Groups II to 

IV. Traditional varieties are grouped into Group II and IV, expressing a great deal of 
genetic diversity. Moreover, salinity tolerance was assessed. A total of 14 traditional 
varieties had shown levels of tolerance similar to or more than that of the standard 
tolerant varieties such as Pokkali and NipponBare. 

A high level of genetic diversity among traditional rice varieties in the Mekong Delta 
was confirmed. This indicated that conservation of those traditional varieties is 
important and further progress in breeding using those rice cultivars are feasible due 
to high level of variation observed. The discovery of salinity-tolerant rice varieties is 
highly encouraging. Tolerance was observed in all groups, indicating a wide spread of 
salinity tolerance and, consequently, a wide genetic base for the trait. Pyramiding 
genes of salinity tolerance with different genetic background seems possible based on 
the results. 
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Title 

Improving drought, salt, and freezing stress tolerance in transgenic plants 

Division 

Biological Resources Division 

Author 

Kazuko Yamaguchi-Shinozaki, Mie Kasuga, Qiang Liu, Kazuo Nakashima, Zabta K. 
Shinwari and Kazuo Shinozaki 

Key words 

drought tolerance, freezing tolerance, transgenic plants, multigene expression, 
stress-inducible promoter 

Synopsis 

Plant productivity is greatly affected by environmental stresses such as drought, salt 
loading, and freezing. We reported that a cfr-acting promoter element, the dehydration 
response element (DRE), plays an important role in regulating gene expression in 
response to these stresses in Arabidopsis . The transcrion factor DREB1A specifically 
interacts with the DRE and induces expression of stress tolerance genes. We show here 
that overexpression of the cDNA encoding DREB1A in transgenic Arabidopsis plants 
activated the expression of many of these stress tolerance genes under normal growing 
conditions and resulted in improved tolerance to drought, salt loading, and freezing. 
However, use of the strong constitutive 35S cauliflower mosaic virus (CaMV) promoter 
to drive expression of DREB1A also resulted in severe growth retardation under normal 
growing conditions. In contrast, expression of DREB 1A from the stress inducible rd29A 
promoter gave rise to minimal effects on plant growth while providing an even greater 
tolerance to stress conditions than did expression of the gene from the CaMV promoter. 

As the DRE-related regulatory element is not limited to Arabidopsis the DREB 1A cDNA 
and the rd29A promoter may be useful to improve the stress tolerance of agriculturally 
important crops by gene transfer. 
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Title 

Groundwater quality and nitrogen cycling in agro-ecosystems of Lingxian county, 

Shandong province, China 

Division 

Environmental Resources Division 

Author 

Kazuyuki Yagi and Yasukazu Hosen 

Key words 

Environment, Fertilizer, Nitrate, Nitrogen flows, Nitrogen pollution 

Synopsis 

A regional analysis of nitrogen cycling in the agro-ecosystems of Lingxian County, 

Shandong Province, China was carried out. Total input of nitrogen to arable land, 
derived from chemical and organic fertilizer, sewage, precipitation, irrigation, and 
nitrogen fixation, was estimated to be, on the average, 584 kgN ha 1 year k The nitrogen 
output, including plant uptake and denitrification, was 296 kgN ha 1 year _1 . These 
results indicate that arable land in this area should receive a balance of 288 kgN ha 1 , 
annually. A survey of the ground water quality in the area shows that nitrate pollution of 
ground water has not been widely noticeable at present. However, the analysis of 
nitrogen cycling in agro-ecosystems predicts the large potential risk of nitrogen pollution 
in the environment in the near future. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah11/eng/e. 11-4.htm [10/7/2002 8:41:31 PM] 












No5 

5. 


Title 

Root distribution in soil and sensitivity to water stress of upland rice in the tropics. 

Division 

Environmental Resources Division 

Author 

Motohiko KONDO 

Key words 

Phosphorus, Roots, Upland rice, Water uptake 

Synopsis 

Response of upland rice to water stress in terms of root growth and water uptake from 
soil layers was characterized. Water uptake is more sensitive to soil drying as compared 
with nitrogen uptake, which signifies that water uptake is a major limiting factor for the 
plant growth under stressed conditions. Low water uptake under severe stress in rice 
can be attributed to shallower root distribution and poorer water capture from deep soil 
layer, deeper than 40 cm depth as compared with maize. Maize increased root growth 
in deep soil layers in responding to severe stress. In contrast, rice showed few 
stimulated root growth and limited water extraction rate per unit length of root under 
sever stress. Field investigation in acidic soils indicated that phosphorus application led 
to the formation of deeper root system. Amendment of phosphorus is considered to 
improve water capture from deep layers to sustain plant growth under stress in acidic 
soils with low available phosphorus. 
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Title 

Quantitative analysis of 2-acetyl-1-pyrroline in aromatic rice. 

Division 

Crop production and postharvest technology division 

Author 

Tadashi YOSHIHASHI 

Key words 

Aromatic rice, Flavor components, 2-acetyl-1-pyrroline, Isotope dilution method 

Synopsis 

A “popcom*-like flavor compound, 2-acetyl- 1-pyrroline, has been reported as an 
important flavor component of aromatic rice because of its lower odor threshold, i.e. 

0.1 ppb (in H 2 0), than the other volatile compounds in rice. In conventional method, 

2-acetyl-1-pyrroline and other volatile components were extracted from 500g of rice 
sample by using simultaneous steam distillation / solvent extraction apparatus. 

In conventional method, the extracts were analyzed by gas chromatography / mass 
spectrometry in full scan mode or gas chromatography / flame ionization detection 
with internal standard method using 2,4,6-trimethyl pyridine as standard. 

Isotope dilution method, isotope labeled compounds is used as internal standard, is an 
ideal method for quantification using gas chromatography / mass spectrometry 
/selective ion monitoring which has higher sensitivity than full scan mode. 

An improved method, Gas chromatography / mass spectrometry / selected ion 
monitoring with isotope dilution method, can enhance the sensitivity for quantification 
of 2-acetyl- 1-pyrroline in aromatic rice samples using small quantities (0.5g) with 
high specificity. 
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Title 

Cultivar identification of milled rice. 

Division 

Crop production and postharvest technology division 

Author 

Tadashi YOSHIHASHI 

Key words 

Milled rice, DNA extraction, Microsatellite analysis, cultivar identification 

Synopsis 

In our laboratory, we developed DNA extraction method based on a freeze-and-thaw 
cycle for extracting purified, high molecular weight DNA from grains. The developed 
technique does not require expensive equipment and materials, and is not a 
time-consuming procedure. By applying this method, we were able to obtain DNA for 
microsatellite analysis within 2h and the whole process of identification required 6h. 

Time saving and unemployment of expensive instruments or toxic chemicals of the 
present method is an attractive alternative to existing methods of identification. Obtained 
results showed that DNA extracted from tested samples was of high quality and hence 
could be used in PCR-based techniques for cultivar identification even in laboratories 
with a moderate level of technology. Another feature of this developed technique was 
saving in time and cost as well as the safety of this procedure. 
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Digestion characteristic and energy requirement of native ruminants in Northeast 

Thailand 

Division 

Department of Research Planning and Coordination, National Institute of Animal 

Industry 

Author 

Tomoyuki Kawashima, W. Sumamal, P. Pholsen and R. Narmsrilee 

Key words 

Native cattle, Swamp buffalo, Energy requirement, Digestibility 

Synopsis 

Native ruminants, such as Thai native cattle and swamp buffalo, are able to efficiently 
digest low quality roughage without protein supplement. And these animals require less 
energy to maintain basal metabolism. Therefore, these animals can be effectively raised 
with low quality feed. 
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Tropical grasses available for agropastoral systems, with high function in supplying 
organic matter into soil 

Division 

Animal Production and Grassland Division 

Author 

Tsutomu KANNO,Manuel C.MACEDO, and Valeria P.B.EUCLIDES 

Key words 

root biomass, soil organic matter, tropical grass 

Synopsis 

Root biomass of five tropical grasses was compared as the function in supplying organic 
matter into soil of Brazilian savanna (Oxisol). Pastures of the five grasses, Brachiaria 
decumbens (BD), B. brizantha (BB), Panicum maximum cv.Tanzania (TA), P. maximum 
cv.Tobiata (TO), and Andropogon gayanus( AN),were established, and grazed for three 
years. Then the root biomass was measured in 0-10, 10-20, and 20-40cm of soil layers. 
Measured root biomass represented 53-76% of total biomass of the five grasses. Among 
the five grasses, root biomass level per square meter was in the order of 
BB>BD>TA>TO>AN, with the root biomass of BB significantly higher than those of 
the other grasses. Root biomass decreased quickly with the increase of soil depth, 
whereas the percentage of root biomass to dry soil of BB was highest among the five 
grasses in all of the soil layers. It is concluded that BB is the best option to introduce in 
crop-pasture rotation for soil quality improvement. 
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Regeneration technique of Seraya on the logging roads in Peninsular Malaysias. 

Division 

Forestry Division 

Author 

OCHIAI(JIRCAS) and AZMAN Hassan(FRIM) 

Key words 

Hill forest, Seraya, Dipterocarp, Logging road, Regeneration 

Synopsis 

The regeneration of Seraya, one of the most valuable tree species in hill forests where 
most logging operations are being carried out in Peninsular Malaysia, is investigated on a 
logging road with 500 m length in compartment 28, Semangkok forest reserve. About 

400 seedlings of Seraya are found on the road. Their distribution is not uniform yet. All 
the seedlings are found on ridges while no seedlings are found on the lower slopes. This 
result is caused by the fact that most mother trees are distributed on the ridges and only a 
small number are on the lower slopes. On the ridges, the level ridges have more 
developed Seraya seedlings while the sloping ridges have less developed Seraya. This 
results from the seeds from mother trees being easily washed out by rainfall immediately 
after logging on the sloping ridges. Thus, germination there can only take place after 
sufficient litter has accumulated again. It is clear from the results that it is necessary to 
prevent the rainfall from washing away the seeds on the road in order to recover the 
logged-over forest quickly. Seraya’s regeneration after logging is not difficult if 
microtopography is considered. 
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Simplified pre-germination treatments for indigenous legume trees in the Philippines 

Division 

Forestry Division 

Author 

Kazunori TAKAHASHI, Wilfredo M„ CARANDANG and Antonio F. GASCON 

Key words 

Gemination, Hot Water Treatment, Laucaena leucocephala, Philippines 

Synopsis 

Simplified pretreatment to improve seed germination was investigated for reforestation 
tree species of Leguminosae and Mimosaceae which were indigenous to the Philippines. 
Seeds of these spices are treated with hot water time-courses on several temperatures for 
0.5-5 min, seed scarification and fire-heating by burning grass, and then sowed to 
nursery. Three varieties of Laucaena leucocephala, which were the most common 
reforestation planting species there, were all highly improved the germination rates in 
their most appropriate time-courses of hot water treatment. The fire-heating, which was 
usual pretreatment for the legume direct sowing, was also effective, but less than hot 
water treatment. Thus, the appropriate hot water treatment for seeds found should be 
given before the direct seed sowing to ensure the establishment of rehabilitated legume 
forest on the degraded grassland. 
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Determination of amino acid sequence and site of mRNA expression of four vitellins in 
the giant freshwater prawn, Macrobrachium rosenbergii 

Division 

Fisheries Division 

Author 

Marcy N. Wilder and Wei-Jun Yang 

Key words 

amino acid sequence, cloning, mRNA expression, vitellin 

Synopsis 

Four major yolk proteins, designated as vitellins (Vns) Macr-VnA, B, C and D, were 
extracted from mature ovary of Macrobrachium rosenbergii. These were purified to 
homogeneity by reversed-phase HPLC employing a unique separation system based on 
the hydrophobic properties of the Vn molecule. More than 33 N-terminal and 57 internal 
amino acid residues were determined for each of the four Vns. The cDNA fragments 
encoding the four Vns were amplified by PCR using degenerate oligonucleotide primers 
derived from the N-terminal and internal amino acid sequences. These cDNA fragments 
were cloned, sequenced and used as probes to examine the transcription of mRNAs 
encoding the four Vns. Significant accumulation of these mRNAs was observed in 
female hepatopancreas only, while mRNA expression was not detected in male 
hepatopancreas or any other female tissue including ovary, subepidermal adipose tissue, 
gill and muscle. 
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Productivity and diversity of fish in brackish water mangrove ecosystems 

Division 

Fisheries Division 

Author 

Masachika MAEDA 

Key words 

mangrove, fish, diversity, diatoms, nutrients 

Synopsis 

Japan International Research Center for Agricultural Sciences (JIRCAS) and Malaysia 
(Fisheries Department, Forestry Department and Malaya University) organized the new 
project on “Brackish Water Mangrove Ecosystems* from April, 1995 * March, 2000. In 
three research areas of the mangrove estuary in Malaysia adopted as a project site, the 
characteristic differences between these are the ratios of the mangrove forests area/river 
area, in which the values for Matan (4.7), Merbok (2.1) and Eumut (1.1) are calculated, 
respectively. In the Matang mangrove estuary area (ratio: 4.7), the quantity of fish catch 
is larger than that in Merbok (ratio: 2.1) and Eumut (ratio: 1.1). In case of the diversity 
index of fish, however, shows a higher value in Merbok than in the other two mangrove 
areas. In Lumut, the volume of fish catch and diversity index are the lowest of the three 
areas. Based on these results, we conclude that the value of the ratio of mangrove forest 
area/river area is a useful index, with a value of between 4.7 and 2.1 being a precondition 
for sustainable fish production in mangrove estuary areas. 


The dominant macrobenthic animal group in Matang was the bivalves, accounting for 46 
% of the total abundance, but in Lumut, polychaetes were the clearly dominant group, 
making up about 46 % of the total benthos population. In addition it was fount in this 
project that wet land retains silicates where phytoalgal diatoms are present at high 
concentrations, which provide not only oxygen to benthic animals inside the wet land but 
also flow into the sea, resulting in high concentrations of biomass in seawater. These 
diatoms repress the growth of dinoflagellates due to the competition among the 
phytoalgae comunities. 
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Evaluation of heat tolerance in snap bean based on pollen stainability. 

Division 

Okinawa Subtropical Station 

Author 

Katsumi SUZUKI, Hiroyuki TAKEDA, Yoshinobu EGAWA and Tadashi 

TSUKAGUCHI 

Key words 

Heat stress, High temperature, Snap bean (Phaseolus vulgaris), Pollen stainability 

Synopsis 

Pollen stainability of snap bean decreases by being subjected to heat stress 8 to 11 days 
before flowering in a greenhouse. When mean air temperature about 10 days before 
flowering is over 28 , pollen stainability of snap bean decreases in the field at Okinawa 
Subtropical Station. Heat tolerant varieties show higher pollen stainability than heat 
sensitive varieties under high temperatures. Based on pollen stainability, tolerance to 
high temperature about 10 days before flowering can be evaluated. 
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Characteristics of rainfall kinetic energy and raindrop size distribution in subtropical 
zone area 

Division 

Okinawa Sub-tropical Station 

Author 

Kenji BANZAI, Tamon FUMOTO, Yoshinari OHWAKI, Kazuo SUGAHARA 

Key words 

Rainfall intensity, Rainfall energy, Soil erosion, Raindrop size 

Synopsis 

Characteristics of rainfall energy and raindrop size distribution were examined in a 
subtropical zone area using a disdrometer. Rainfall energy values were calculated from 
the observations obtained from the device which measures raindrop size distributions 
continuously and automatically. The device however can not measure raindrops below 

0.3 mm, hence rainfall energy values may give an error of about 2.48 %. Measured 
kinetic energy vs. rainfall intensity data showed wide distribution between the upper 
limit equation by Wischmeier and the lower equation by Mihara. Kinetic energy over 
and above the Wischmeier equation was also observed below 30 mm/h rainfall. In 

Ishigaki, there were large size raindrops at rainfall intensities below 30 mm/h. The 
distribution of raindrop size was wide from 1 mm to 5 mm in diameter compared with 
those measured in Tsukuba where raindrop size was concentrated between 1-2 mm. 
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< JIRCAS Research Highlights in 1998> 

1. Farming Systems Combining Agriculture, Animal Husbandry, and Fisheries in the Mekong Delta 

2. Coordinating a Multidisciplinary Research on the Agriculture in the Mekong Delta 

3. Research needs for improvement of no-tillage cultivation of soybean in South America 

4. Input-output analysis on soybean-related industries in Brazil 

5. Technical development and evaluation of doubled haploid breeding scheme in wheat improvement 

6. Suppression of nitrification in soil by a tropical grass 

7. Effect of the depth of NO and N2Q production in upland soil on their emission rates to the 

atmosphere 

8. Furrow bottom seeding to accelerate crop growth under the arid regons 

9. Pathogenicity of Pyricularia grisea and Xanthomonas oryzae pv. oryzae strains in Vietnam 

10. Determination of antimutagenic constituents from edible Zingiberaceae plants produced in 

Thailand 

11. Analysis of chitinolytic enzyme genes of a mycoparasitic bacterium Flexibacter sp. FL824A 

12. Effect of application of anthelminthic on the growth of pig with Ascaris suum 

13. Social Impact of Transmigration in Sumatra, Indonesia 

14. Chlorine-free bleaching of kraft pulp from oil palm empty fruit bunches 

15. Litterfall in a Matang mangrove foerst 

16. Development of SURIMI made from freshwater fish meat in China 

17. Seed sterility of Japanese rice varieties under short-day condition 

18. Detection of bmchid-resistant strains in wild adzuki bean germplasm 

19. A fungal epiphyte (Ephelis sp.) of grasses on Ishigaki island and its effect on the feeding of two 

insect pests 


Library , Japan International Research Center for Agricultural Sciences 
Tel: 0298-38-6340,Fax.: 0298-38-6656,e-mail: ref@jircas.affrc.go.jp 
l-2,Ohwashi, Tsukuba-shi Ibaraki-ken, 305-8686 JAPAN 


HACK ' 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah10/seika10eng/eng_con.htm [10/7/2002 8:41:40 PM] 






























< JIRCAS Research Highlights in 1997> 

< JIRCAS Research Highlights in 1997> 

1. Long-range migration of rice planthoppers in monsoonal East Asia 

2. Serological diagnosis of citrus greening disease 

3. Comparative studies of fish production in brackish waters between intact (Matang) and exploited 

(Merbok) mangrove areas 

4. Improvement of rice cropping for farming systems in the Mekong Delta, Vietnam 

5. Changes in the agricultural structure under the Doi Moi policy in the Mekong Delta, Vietnam 

6. Isolation of genes essential for molecular breeding of drought tolerant plants 

7. Development of assessment method for vegetation stability using Neural Network 

8. Development of a method to estimate the distribution of agricultural land use based on satellite 

data in the central part of the Deccan plateau in India 

9. Measurement of nitrous oxide emissions from upland fields in Thailand 

10. Edible insects in Kenya 

11. Analysis of mechanical properties of collapsible soils and development of a quantitative method 

12. Immunohistological analysis of the tick attachment site of Rhipicephalus appendiculatus infected 

with Theileria parva 

13. In situ hybridization to detect bovine cytokine mRNAs in protozoan disease 

14. Age determination of tropical fishes and squids in Indonesia 

15. Enzyme activity of early maturing sugarcane stalks with high sugar content 

16. Evaluation of mungbean cultivars for resistance to iron deficiency 

17. Stimulation of ethylene synthesis from husks of rice seeds by ferrous iron 

18. Contribution of caoutchouc to durability of teak (Tectona grandis L. f.) wood 

19. Development and utilization of hybrid rice in Malaysia 

20. Performance assessment for water resources management at watershed level using existing 

management data 
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Title 

Long-range migration of rice planthoppers in monsoonal East Asia 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Kazushige SOGAWA and Akihiko TAKAHASHI 

Key Words 

Brown planthopper, Whitebacked planthopper, Southwest monsoon, East Asia, Winter-spring rice, 

Early rice , Two-staged migration, Immigration 

Synopsis 

The brown planthopper, Nilaparvata lugens, and whitebacked planthopper, Sogatella frucifera, are 
international insect pests of rice, which undertake long-range migrations from tropical to temperate 
rice areas in East Asia every year. The rice planthoppers are transported downwind by a synoptic 
scale of wind systems associated with the southwest monsoon and Baiu climate. We demonstrated 
that the migratory planthoppers emigrating from North Indochina migrate to Japan via South China by 
means of trajectory analyses of airflow at 850hPa. 

The migration process involved two major stages of habitat displacements; from winter-spring rice in 
North Vietnam to early rice in South China in April to May, and from early rice to single rice in Japan 
in June to July. These two stages of migrations were achieved by seasonal advance of monsoon 
climate and geographical shifting of the rice cropping period in the migration zone in East Asia. 
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Title 

Serological diagnosis of citrus greening disease 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Yoshihiro OHTSU, Maitree PROMMINTARA, Koji KAWASHIMA, Seiichi OKUDA, Kazuo 
NAKASHIMA and Takeshi KANNO 

Key Words 

Citrus greening, Midrib, Phloem tissue, Microprecipitin test. 

Synopsis 

Accarate serological diagnosis with microprecipitin test was developed for greening disease. 

Phloem tissues were separated after digestion of diseased midribs in enzyme solution. Partially 
purified greening organisms GO concentrated up to 40 times of the midrib weight were obtained 
from final pellets after one cycle of centrifugation of homogenate of phloem tissue. Microprecipitin 
test was conducted by adding one drop 5141 of the partially purified GO to one drop of the GO 
antiserum. 
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Title 

Comparative studies of fish production in brackish waters between intact (Matang) and exploited 
(Merbok) mangrove areas 

Division 

Fisheries Division 

Authors 

Shigeo HAYASE, Ahmad HUSIN (FRI), Yoh YAMASHITA (TNFRI), Katsuhisa TANAKA 
(NRIFS), A. SASEKUMAR and Chong Ving CHING (UM) 

Key Words 

Brackish water, Mangrove ecosystems, Matang mangrove area, Merbok mangrove area, Fish 
juvenile, Density, Biomass, Growth rate, Production, Food-chain 

Synopsis 

The brackish waters in which sea water and fresh water are mixed occur mainly in tropical and 
subtropical coastlines, and many mangrove trees spread out along the brackish water coastlines. 
Mangrove trees are not only utilized for charcoal production but also serve as nursery grounds for 
fish and prawns. In the comprehensive studies conducted to evaluate the productivity of brackish 
water mangrove ecosystems and identify criteria for sustainable utilization of the areas, 
comparative studies have been carried out on fish biomass between intact (Matang) and exploited 
(Merbok) brackish water mangrove ecosystems in Peninsular Malaysia. The distinct C-N isotopic 
ratio gradient in the Matang brackish water mangrove ecosystems suggests that the food pathway 
start from the mangrove leaf-based detritus to carnivorous fish and squids through herbivorous 
shrimps and crabs. The Matang Mangrove Forest Reserve in Perak consisting of 40,711 hectares 
and situated on the northwestern coast of Peninsular Malaysia has been under sustainable yield 
management since the early part of the century. On the other hand, in the case of the Merbok 
Mangrove area in Kedah, situated in a further northwestern direction from Matang and covering 

8,000 ha which has been exploited, the mangrove area during the past ten years has been reduced 
by about 11% from 9,037ha in 1980 to 8,034ha in 1990 and the loss of mangroves is still 
continuing. Biomass of juvenile anchovy, Stolephorus spp., in Matang was 4.3 times higher than in 
Merbok. The information obtained here will be useful to scientists in many fields to improve the 
technology for sustainable utilization of brackish water mangrove ecosystems, which will bring 
about benefits especially to dwellers in the areas and also to policy-makers. 

BACK 

nmfri 1 —next— 


http://ss.jircas.affrc.go.jP/kanko/seika/seikah9/seika9eng/3.htm [10/7/2002 8:41:45 PM] 














4 . 


Title 

Improvement of rice cropping for farming systems in the Mekong Delta, Vietnam 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Tadao KON, Pham Sy TAN, Tran Ngoc HU AN, Trinh Quang KHUONG and Hoang Dinh DINH. 

Key Words 

Diagnosis, Fertilizer application, Leaf color, Water management, Yield component 

Synopsis 

Under Dor Moi policy which started in 1986, farming systems combining agriculture, animal husbandry and 
fisheries developed widely in the Mekong Delta, Vietnam. Rice production, an important component of 
farming systems in the Delta, rapidly increased owing to field reclamation, canal excavation and dike 
construction, and introduction of double or triple cropping of rice together with newly bred high-yielding 
varieties. 

In the collaborative research project with Cuu Long Delta Rice Research Institute, we carried out studies for the 
improvement of rice cropping. Some useful results were obtained to achieve higher yields of rice. Firstly, leaf 
color was found to be a good indicator of the leaf nitrogen content which markedly affects the growth, yield 
components and lodging of rice plants. Fertilizer application can be improved by the diagnosis of nutrient 
conditions through leaf color measurement. Secondly, top dressing of nitrogen at an early stage of rice 
development was found to be rather hazardous because of easier and earlier lodging especially in the wet 
season. Thirdly, drainage of flooding water in rice fields during growth period of rice was effective for the 
prevention of lodging and for achieving higher yields, as observed in farmers' fields where a rice-fish farming 
system was adopted. 

The results will contribute to the development of low input sustainable rice production in farming systems in 
the Mekong Delta. 
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Changes in the agricultural structure under the Doi Moi policy in the Mekong Delta, Vietnam 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Ryoichi Yamazaki 

Key Words 

Market-oriented economy, Differentiation of farmers, Diversified farming 

Synopsis 

After 1988, in the Mekong Delta of Vietnam, the differentiation of farmers made rapid progress under 
the market-oriented economy, introduced by the Doi Moi policy. Some farmers have expanded their 
farm size rapidly. Others have reduced their farm size and finally became landless. However, medium 
or small-scale landowner’s have attempted to stabilize their household economy by introducing 
diversified farming. In future diversified farming will be reorganized on a community basis. 
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Isolation of genes essential for molecular breeding of drought tolerant plants 

Division 

Biological Resources Division 

Authors 

Kazuko Yamaguchi-Shinozaki et al. 

Key Words 

Transcription factors, Drought-inducible genes, Promoters, Drought-tolerant plants 

Synopsis 

Plant genes for transcription factors were isolated that control expression of genes involved in 
drought tolerance. Regulatory elements in promoters were also identified that control 
drought-responsive gene expression. These transcription factors and promoters are expected to be 
useful for molecular breeding of drought-tolerant plants by regulating the number of genes 
involved in drought tolerance. 
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Development of assessment method for vegetation stability using Neural Network 

Division 

Environmental Resources Division 

Author 

Yukiyo YAMAMOTO 

Key Words 

Australia, Neural Network, Vegetation stability 

Synopsis 

In the test site located in central Australia, two Neural Network models to estimate vegetation 
abundance and changes were developed based on 7 factors including slope, geomorphic systems, 
hydrological units, soil units, vegetation units, distance from water points and distance from ridges. 
Furthermore, an assessment map for vegetation stability was constructed by the integration of two 
results of estimation using the Neural Network models mentioned above. 
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Development of a method to estimate the distribution of agricultural land use based on satellite 
data in the central part of the Deccan plateau in India 

Division 

Environmental Resources Division 

Author 

Satoshi UCHIDA 

Key Words 

Satellite data, Vegetation index, Semi-arid area of India, Rabi season, Agricultural land use, 
Spatial distribution 

Synopsis 

Vegetation index calculated from satellite remote sensing data rereals specific patterns of 
seasonal changes depending on land use types. In the semi-arid area of India, the value of the 
vegetation index of agricultural land use could be differentiated from that of other land uses 
during the latter half of the post-rainy cropping season called Rabi. In this study a method to 
estimate the spatial distribution of agricultural land use by adapting the temporally variable 
threshold value of vegetation index was developed. This method has enabled to collect 
quantitative information on Rabi cropped area for several years with available satellite data. 
Investigations of temporal changes showed that the location of the cropped area was correlated 
with the amount of rainfall during the sowing period and with the suitability of land 
conditions. 
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Measurement of nitrous oxide emissions from upland fields in Thailand 

Division 

Environmental Resources Division 

Authors 

Takeshi WATANABE, Katsuyuki MINAMI and Prapai Chairoj (DOA) 

Key Words 

Nitrous Oxide, Nitrogen fertilizer, Upland soils, Tropics 

Synopsis 

Nitrous oxide emissions from upland soils were measured during a period of one year by the closed 
chamber method at four experimental sites in Thailand. Two treatments consisting of the 
application and absence of application of nitrogen fertilizer were set in triplicate at each 
experimental site. The total amount of nitrous oxide emitted throughout the maize cultivation 
period ranged from 0.08 to 0.48% of applied nitrogen fertilizer and these rates not significantly 
different from those recorded in the temperate zone. 
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Edible insects in Kenya 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Shigemi Yagi, E. Kokwaro, Kesa Kishida and Mitsuo Yazawa 

Key Words 

Edible Insects, Western Kenya, Termites 

Synopsis 

New uses of edible insects such as locusts, grasshoppers, termites, flies and wild silkmoths were 
investigated in mral areas of Kenya. Field surveys conducted in the Maragoli area in western Kenya 
showed that villagers easily distinguish species and the emergence patterns of termites which are 
the most common edible insects in Kenya. Cooked termites are sold not only in the local markets 
but also in some open markets in Kisumu or Nairobi because they can be stored up to at least 
several days without spoilage. These results suggest that termites play an important role in the daily 
food consumption in this area in the rainy season, during periods of maize shortage, and that they 
may be especially valuable for children and pregnant women who require a high calorie and 
nutritious diet. 
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Analysis of mechanical properties of collapsible soils and development of a quantitative method 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Yuji Kohgo, S. B. Tamrakar and H. B. Tang 

Key Words 

Collapsible soil, Unsaturated soil, Suction, Elastoplastic model 

Synopsis 

The mechanical properties of the collapsible soils distributed in Northeast Thailand were 
investigated by using a triaxial compression test apparatus, oedometer and pressure plate test 
apparatus. A method for estimating the amount of collapse by using the elastoplastic model for 
unsaturated soils was also developed. Comparison of the experimental and estimated data of 
volume change due to the collapse showed that both agreed well. This method is suitable for the 
estimation of volume change due to collapse. 
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Title 

Immunohistological analysis of the tick attachment site of Rhipicephalus appendiculatus infected with 
Theileria parva 

Division 

Animal Production and Grassland Division 

Author 

Yutaka MATSUBARA 

Key Words 

East Coast fever, Theileria parva. Tick, Skin, Immunohistochemistry 

Synopsis 

The brown ear tick, Rhipicephalus appendiculatus, transmits Theileria parva protozoan which causes 
theileriosis, commonly known as East Coast fever (ECF) in Africa. To enhance our understanding of 
the early events of T. parva infection in vivo for vaccine development against ECF, we have identified 
cell populations present at the site of tick attachment in cattle. Skin biopsies were 
immunohistochemically investigated by the biotin-streptavidin method using monoclonal antibodies 
against bovine leukocyte surface antigens. 
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Title 

In situ hybridization to detect bovine cytokine mRNAs in protozoan disease 

Division 

Animal Production and Grassland Division 

Author 

Yutaka MATSUBARA 

Key Words 

Cytokines, In situ hybridization, Bovine cytokine mRNAs 

Synopsis 

Cytokines are a family of low molecular weight protein regulatory molecules involved in 
inflammation and immunity. They play an important role in the immune system to control 
cell growth and differentiation of immunecompetent cells. An in situ hybridization protocol 
using nonradioactively labeled RNA probes was established to detect bovine cytokine 
mRNAs TNF-+, IFN- 3 , IL-2IL-4IL-6IL-10and IL-12p35 on cytospin preparations. 
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Age determination of tropical fishes and squids in Indonesia 

Division 

Fisheries Division 

Authors 

Satoshi SUYAMA, Syarifuddin Tonnek and Shinji UEHARA 

Key Words 

Age, growth, daily growth increments, otolith 

Synopsis 

Age and growth of fishes and squids distributed in Indonesia were estimated by analyzing 
daily growth increments in otolith. Ground otoliths were observed by light and scanning 
electron microscopy. Three of eight species, Atherinomorus lacunosus, Sphaeramia 
ordicularis and Sepioteuthis lessoniana, had clear increments which enabled the estimation 
of age in days. We additionally verified the daily periodicity of increment formation of 
Sphaeramia orbicularis under rearing experiments. 
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Enzyme activity of early maturing sugarcane stalks with high sugar content 

Division 

Okinawa Subtropical Station 

Authors 

Takatyoshi TERAUCHI, Makoto MATSUOKA, Makoto KOBAYASHI, Hiroshi NAKANO, 
Shunsuke ODA and Masahiro OKAMOTO 

Key Words 

Sugarcane, Early maturing, Acid invertase, Sucrose phosphate synthase 

Synopsis 

NiF4, an early maturing variety with a high sugar content, shows a high Brix-value even in the 
growing season compared to FI72. Acid invertase activity, a negative factor for sugar 
accumulation, of NiF4 is relatively higher than in F172. Sucrose phosphate synthase activity, a 
positive factor for sugar accumulation, of NiF4 is higher than in F172. This enzyme activity 
increases in both the maturing season and under low temperature conditions with Brix 
increment. 
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Evaluation of mungbean cultivars for resistance to iron deficiency 

Division 

Okinawa Subtropical Station 

Authors 

Yoshinari OHWAKI, Yoshinobu EGAWA, Kazuo SUGAHARA, Sanayh KROKAW (DOA) 
and Somsong CHOTECHUEN (DOA) 

Key Words 

Acidification, Chlorosis resistance, Iron deficiency, Mungbean (Vigna radiata (L.) Wilczek). 

Synopsis 

Ten mungbean cultivars were evaluated for their resistance to iron deficiency based on the 
developed of chlorosis symptoms, plant growth and seed yield under field conditions on a 
calcareous soil in Thailand. KPS2 cultivar was highly susceptible ; KPS1, PSU1 and Pag-asal 
cultivars were somewhat susceptible ; YC1163B cultivar was moderately tolerant; CN36, 

CN60, UT1 and CNM-I cultivars were tolerant and ; CNM8509B cultivar was highly tolerant 
to iron deficiency. Compared with the susceptible cultivar KPS2, the tolerant cultivar UT1 had 
a greater ability to lower the pH of the nutrient solution in response to iron deficiency. 
Acidification of the medium in response to iron deficiency may contribute to the efficient 
solubilization of iron from calcareous soils, and it is closely related to the tolerance of iron 
deficiency in mungbean cultivars. 
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Stimulation of ethylene synthesis from husks of rice seeds by ferrous iron 

Division 

Laboratory of Soil Management, Department of Agro-environmental Management, 

Chugoku National Agricultural Experiment Station 

Author 

Minoru YAMAUCHI 

Key Words 

Coleoptile, Ethylene, Ferrous iron, Husk, Oxygen concentration, Rice. 

Synopsis 

Rice farmers in Asia are adopting direct seeding because this practice requires less labor 
than transplanting. The main constraint of the adoption is the inconsistent seedling 
establishment, because O 2 is deficient in flooded soil. It has been found recently that ferrous 
iron (Fe ), whichis commonly present in flooded soil, stimulates coleoptile elongation. This 
study was conducted to analyse the mechanism of Fe - stimulation of coleoptile elongation. 
Germinated rice seeds were placed and sealed in Erlenmeyer flasks or vials and then 2 mM 

Fe or water (as a control) was administered. We found that Fe application increased 
ethylene production as well as the elongation of coleoptile. When ethylene was applied 
exogenously to the germinating seeds, the effect of Fe on coleoptile elongation was 
eliminated. When Fe was applied to the germinated intact seeds, germinated caryopsis, or 
husks, ethylene production was stimulated by Fe in intact seeds and husks and not in 
caryopsis, suggesting that ethylene was produced in the reaction between husks and Fe . 
Trichloroacetic acid did not inhibit the reaction. Ethylene production was as low as at 0.02 
mM Fe and maximum at between 2 and 200 mM. Ethylene production increased linearly 
up to 3hr after the application of Fe , even in the absence of 0 2 The results suggest that Fe 
in flooded soil reacts with husks of germinating seeds, produces ethylene, and elongates the 
coleoptile to the soil surface where 0 2 is present. 
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Contribution of caoutchouc to durability of teak (Tectona grandis L. f.) wood 

Division 
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Authors 

Koichi Yamamoto, Maruli Simatupang (USM) and Rokiah Hashim (USM) 

Key Words 

Teak, Caoutchouc, Durability, Decay resistance, XPS, Water repellency, 

Synopsis 

Caoutchouc is present in very small amounts in sapwood, starting from it the central part. It occurs 
in heartwood parenchyma, especially in ray parenchyma, and in small amounts in fibers and vessel 
elements. Untreated teak heartwood cuttings showed a high contact angle with water, indicating 
hydrophobic properties. Extraction with acetone increased the contact angle slightly, due to the 
removal of polar compounds and redistribution and enrichment of apolar caoutchouc on the surface. 
X-ray photoelectron spectroscopy confirmed these findings. Reconstituted panels made from 
ethanol extracted teak heartwood meal were prone to decay. Specimens made from wood meal 
successively extracted with ethanol and chloroform showed a slightly lower resistance than 
specimens made from ethanol-extracted one. It is suggested that the high resistance to decay of 
untreated teak heartwood is due to the synergetic effect of decay active ethanol extracts and 
non-active caoutchouc. 
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Development and utilization of hybrid rice in Malaysia 

Division 

Biological Resources Division 

Author 

Hiroshi Kato 

Key Words 

Malaysia, Hybrid rice, High yielding variety 

Synopsis 

The instability of CMS in rice can only be attributed to a mixture of volunteer or contaminated 
plants mistakenly classified as revertants. We can use CMS lines for practical hybrid rice breeding 
without encountering instability problems. IRRI hybrids IR69690H and IR69694H always showed 
heterosis levels as high as 120 on the average, which were associated with 20 % higher yield over 

MR 84. IR69692H and IR67693H also occasionally showed a high heterosis level. In addition, 
these four hybrids headed about two to three weeks earlier compared with MR 84. In Malaysia, 
direct seeding is very popular. Based on the results of direct seeding yield trials of hybrids, it is not 
recommended to cultivate hybrid rice by reducing the seeding rate of hybrids in direct seeding. For 
the practical utilization of hybrids, the use of machine transplanters for reducing the amount of 
hybrid rice seed per unit area is recommended. 
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Performance assessment for water resources management at watershed level using existing 
management data 

Division 

Okinawa Subtropical Station 

Author 

Shigeo Yashima 

Key Words 

Water resources management, Performance assessment, Management data 

Synopsis 

Competition for water is increasing even in developing countries. In order to conserve irrigation 
water resources, the author developed a new method to assess water resources management at 
watershed level using management data left in stores after the use of data for regulating irrigation 
systems. The method will lead to the improvement of water resources utilization with minimum 
financial and personnel investment through detailed identification of constraints on proper 
performance. 
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JIRCAS Research Highlight in 1996 

< JIRCAS Research Highlights in 1996> 

1. Rice market situation in Vietnam 

2. New rice cultivars 'Hexi 34' and ’Hexi35’ in Yunnan Province of China 

3. Development of new disease-resistant varieties of cucumber and strawberry in Shanghai 

4. Mechanism of salinization of shallow groundwater in Phra Yune area. Northeast Thailand 

5. Influence of physical properties of rocks on rockdissolution process 

6. Response of 2,4-D -resistant biotype of Fimbristylis miliacea (L.) Vahl. to several herbicides and 

its distriburuin in the Muda area, Malaysia 

7. Increase in agricultural damage associated with the invasion of leaf-cutting ants in southern Brazil 

and Paraguay 

8. Identification of a new species of root-knot nematode (Meloidogyne) based on enzyme phenotypes 

through electrophoresis 

9. Function of group farming project in the Muda area, Malaysia 

10. Nutritive value of sugarcane stalks for feeding of dairy cows 

11. Quantitative estimation of edible feed resources in a large barley /rangeland zone in northeastern 

Syria 

12. Wetwoood and its formation in Acacia mangium 

13. Elucidation of molting and reproductive mechanisms in the giant freshwater prawn, 

Macrobrachium rosenbergii 

14. Manual for analyzing the genetic variability of fishers of economic importance in Southeast Asia 

15. Large-scale production of lateral shoot seedlings of sugarcane using hydroponics systems 

16. Cryopreservation of shoot tips of taro(Colocasia esculenta(L.)shott)by vitrification 

17. Detection of capsid proteins of viruses in papaya plant using protease inhibitor:antipain 
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Title 

Rice market situation in Vietnam 

Division 

Research Information Division 

Authors 

Mitsuhiro Nakagawa, Dang K. Son and Naguyen X.Lai 

Key Words 

Export quota system. Over-supply, Rice price 

Synopsis 

The Vietnamese government has imposed on export quota system on its rice exports to maintain the domestic rice at 
the targeted level. However, this export quota system exerts a negative impact on the income of the rice producers, 
because the expanding rice production causes a market situation characterized by over-supply. Based on an 
econometric model, a simulation study projected a further decline in the rice price when the export quota system is 
fixed at the current level. The relaxation of export control was found to be effective in raising the rice farmers' 
income in Vietnam. 
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Title 

New rice cultivars 'Hexi 34’ and 'Hexi 35’ in Yunnan Province of china 

Division 

Biological Resources Division 

Authors 

Kazuo Ise et al. 

Key Words 

China, Yunnan, Rice, New cultivar, High yield, Good quality 

Synopsis 

We developed new rice cultivar, ’Hexi 34’ and ’Hexi 35’ in Yunnan Province of China; they will be officially registered by 
the Yunnan Provincial Government. The pedigree of these new cultivars can be traced to some Japanese rice genetic 
resources: a high-yielding cultivar ’Todorokiwase', a cool weather-tolerant cultivar 'Narukaze', blast-resistant germplasm 
accessions ’BL T and ’BL6’, and others. ’Hexi 34’ and 'Hexi35' performed very well in the uniform trails conduced at 
twelve sites representative of the japonica rice-growing areas in 1993 and 1994. They showed a higher yielding ability and 
better grain quality than the standard cultivar ’Yunkeng 9'. They were also tolerant to cool weather conditions during the 
growing season. They could become adapted to cool areas with an elevation of 1800-2000m in Yunnan and neighboring 
provinces. 
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Development of new disease-resistant varieties of cucumber and strawberry in Shanghai 

Division 

Biological Resources Division 

Authors 

Keita Sugiyama, et al. 

Key Words 

Cucumber, Strawberry, Disease resistance 

Synopsis 

Two new Fj cucumber varieties and two new strawberry varieties were developed within the 
framework of the collaborative research program between JIRCAS and Shanghai Academy of 
Agricultural Sciences. The new cucumber varieties exhibit a high yield potential and a high 
resistance to Fusarium wilt and Downy mildew. The new strawberry varieties are characterized by a 
high yield potential, good quality and high resistance to Anthracnose. 
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Title 

Mechanism of salinization of shallow groundwater in Phra Yune area, Northeast Thailand 

Division 

Environmental Resources Division 

Authors 

Masayuki Imaizumi, Pichai Wichaidit, Somasak Sukchan and Kriengask Srisuk 

Key Words 

Salinegroundwater, Rock salt, Fault, Groundwater potential head 

Synopsis 

Studies on hydrogeological structure and groundwater monitoring data from 16 investigation well stations in 

Phra Yuen area. Northeast Thailand showed that salinegroundwater from rock salt strata is supplied from G1 
and FI faults that the conductivity value of groundwater at A5 increased rapidly when the groundwater level 
decreased below 187.4 meters above sea level (Dead Level). When the groundwater level decrease below based 
on the groundwater potential head distribution figure. Salinegroundwater may rise from the underground 
through the fault cracks. 
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Title 

Influence of physical properties of rocks on rockdissolution process 

Division 

Environmental Resources Division 

Author 

Tamao Hatta 

Key words 

Chemical weathering, Dissolution, Porosity 

Synopsis 

To elucidate the characteristics of dissolution of rocks and to examine the effect of physical properties on their 
dissolution characteristics, closed-system experiments were carried out thirteen rock types. The experiments using 
small block samples showed that the rocks with a higher porosity display higher rates of dissolution, particularly in the 
initial stage of the water-rock interaction. This evidence indicates that the concentration of dissolved materials is 
controlled by the porosity of the rocks. 
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Title 

Response of 2,4-D resistant biotype of Fimbristylis miliacea(L.) Vahl. to several herbicides and its distribution in the 
Muda area, Malaysia 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Hiroaki Watanabe, Md. Zulu Ismail (MADA) and Nai-Kin Ho (MADA) 

Key Words 

Malaysia, 2,4-D resistance, Fimbristylis miliacea (L.) Vahl. 

Synopsis 

Biotype of Fimbristylis miliacea (L.) Vahl. resistant to 2,4-D was found in the Muda area, Malaysia, which was 29 
times more resistant to 2,4-D dimethylamine than the susceptible biotype. The 2,4-D resistant biotype was also resistant 
to other phenoxy compounds including MCPA, but no difference was observed in the reaction toward propanil, 
paraquat and glufosinate ammonium between the biotypes. Other types of herbicides with different modes of action 
could be useful to control the 2,4-D resistant biotype. 
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Increase in agricultural damage associated with the invasion of leaf-cutting ants in southern Brazil and Paraguay 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Lui Carlos Forti and Katsuya Ichnose 

Key words 

Leaf-cutting ant, Distribution, Damage, Brazil, Paraguay 

Synopsis 

Surveys on the geographical distribution and density of leaf-cutting ants were performed in southern Brazil and 
Paraguay from 1992 to 1996. The results showed that they were most abundantly deistributed in the northern and 
southern regions of the area surveyed while much less or practically not in central Parana to Santa Catarina. 
Compared with the data obtained until 10 years ago, it appears that the ants have been expanding into and 
increasing their distribution in the surveyed areas, and that the ants can be distributed in all the regions. Studies 
should be carried out in order to control the expansion of the ants. 
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Identificantion of a new species of root-knot mmatode(meloidogynne) based on enzyme phenotypes through 
electrophoresis 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Yukio Toida, Somkuan Keereewan, Nuchanart Tangchitsomkid(DOA) and Takashi YAEGAsm(Meiji Univ.) 

Key words 

New species, Meloidogyne, Isozyme pattern, Cultural control 

Synopsis 

Accurate identification of nematode species is necessary to develop methods of cultural control of nematodes. 
Therefore, enzyme phenotypes in root- knot nematodes obtained through electrophoresis were analyzed in Thailand. 
The population of the root-knot nematode severely attacking mulberry in Udon Thani was indentified as a new 
species based on the specific pattern of phenotypes of esterase and malate dehydrogenase obtained through 
electrophoresis. 
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Function of group farming project in the Muda area, Malaysia 

Division 

Crop production and Postharvest Technology Division 

Authors 

Kumi Yasunobu, Husna Sulaiman(UPM) and Wong Foong Yee(UPM) 

Key words 

Malaysia, Group farming, Farm management 

Synopsis 

Group farming project which is promoted by the government is successful in terms of providing credit scheme 
with farming information. However, the result of the study showed that some problems must be overcome for 
sustainable development of the group farming project: there is a general feeling of unease among the farmers 
in the group due to excessive control by the government; and the farmers tend to depend on the government 
support and easily accept the decision made by the authorities without critical evaluation. 
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Nutritive value of sugarcane stalks as a roughage for dairy cows 

Division 

Animal Production and Grassland Division 

Authors 

Tomoyuki Kawashima, W.Sumamal and P.Pholsen 

Key words 

Sugarcane stalk, Nutritive value,Cattle 

Synopsis 

The use of sugarcane as a roughage for cattle was examined in Northeast Thailand. 

Metabolizable energy (ME) content in sugarcane stalk amounted to 9.05 MJ/kg based on a 
metabolic trial. It was estimated that sugarcane can produce nearly 5times more ME per area than 
ruzi grass which is the major grass grown in the region. Sugarcane can remain until the end of the 
dry season without withering, which allows farmers to cut it when they need it without having to 
preserve it. The use of sugarcane stalks can be a key feeding strategy in the dry season, especially 
in dairy production. 
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Quantitative estimation of edible feed resources in a large barley/ rangeland zone in northeastern 

Syria 

Division 

Animal Production and Grassland Division 

Authors 

Masahiro Hirata (ICARDA), Haruhiro Fujita and Gustav Gintzburger(ICARDA) 

Key words 

Yearly edible feed resources, Feed classification, Barley/ rangeland zone, Arid marginal lands 

Synopsis 

Feed resources in an arid barley/ rangeland zone of northeastern Syria were classified into eight 
classes and mapped by a series of field surveys and satellite data analyses. Amount of edible feed 
resources of each class was calculated based on the covering area and edible biomass in the fields, and 
the amount of yearly edible feed resources was estimated in the whole test zone. 
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Title 

Wetwood and its formation is Acacia mangium 

Division 

Forestry Division 

Authors 

Koichi Yamamoto, Sulaiman and O. R. Hashim 

Key Words 

Acacia mangium , Wetwood, Tropical plantation species 

Synopsis 

The report on the existence of wetwood, in Acacia mangium Willd. is the first one among tropical plantation 
species. Trees at two of the three different sites examined showed higher moisture contents in the inner heartwood 
than in the adjacent outer heartwood or sapwood. An increase in the moisture content in the heartwood region is 
normally referred to as wetwood which has been defined as an abnormal type of heartwood caused by decay or 
wound. As close relationship between inorganic element concentrations and moisture contents in wetwood have 
been described in the literature, the distribution of inorganic elements in this species was investigated. Radial 
distribution of 4 major elements from alkali metals and alkaline earth metals from sapwood to heartwood in the 
stem was analyzed in view of their relationship with wetwood using inductively coupled plasma spectroscopy. 

Wood from three plantation sites showed a similar pattern of K and Mg distribution. The concentration of K and 

Mg decreased gradually from the sapwood toward the outer heartwood, and did not show any significant variations 
within the heartwood. Radial distribution of Na and Ca failed to display any obvious trend. In all the analyzed 
samples that displayed wetwood or even without wetwood, generally the content of inorganic elements in 
heartwood was lower than in sapwood. Close relationship between the concentration of inorganic elements and 
moisture content which is found in the wetwood of temperate species, was not recognized in A. mangium. The 
characteristic and origin of weteood may be different between temperate species and tropical ones. The origin of 
water in wetwood of A. mangium is an important problem to be clarified. 


Click here to continue Highlights 
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13. 


Title 

Elucidation of molting and reproductive mechanisms in the giant freshwater prawn, Macrobrachium rosenbergii 

Division 

Fisheries Division 

Authors 

Marcy N. Wilder, Nguyen Anh Tuan, Thanh Phuong, Tran Thi Thanh Hien, Dang Thi Hoang Oanh and Truong Quoc 
Phu 

Key Words 

Southeast Asia, Giant freshwater prawn, Reproduction, Molting, Endocrinological factors, Ecdysteroids, Juvenile 
hormone 

Synopsis 

The giant freshwater prawn, MacrobrachiuM. rosenbergii, is a commercially important crustacean species cultured 
extensively throughot Southeast Asia. In order to promote a more stable, efficient form of aquaculture, the 
development of improved technology for the production of seed (larvae) is highly necessitated. Artificial production 
techniques are based on the ability to induce reproduction and spawning in captivity, but knowledge concerning the 
basic mechanisms of these physiological processes is insufficient. In this research, the involvement of various 
endocrinological factors in the control of molting and reproduction were investigated in M. rosenbergii. Ecdysteroids 
which control molting, were additionally found to accumulate in maturing ovaries and to be present in newly-laid 
eggs, indicating a potential role in ovarian development and embryogenesis in this species. In addition, juvenile 
hormone (JH)-related substances were investigated, revealing the presence of the JH precursor, methyl famesoate 
(MF) in the hemolymph. (MF) was seen to fluctuate during the molting cycle, suggesting that this hormone has a role 
in molting in addition to reproduction. This research also examined the synthesis of yolk protein, vitellogenin and its 
hormonal control. These results will form a basis for the promotion of cooperative research between JIRCAS and 

Cantho University, College of Agriculture, Vietnam within the framework of a cooperative project on combined 
farming systems in the Mekong Delta. 


Click here to continue Highlights 
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14. 


Title 

Manual for analyzing the genetic variability of fishes of economic importance in Southeast Asia 

Division 

Fisheries Division 

Authors 

Motoyuki Hara and Uthairat Na-Nakorn 

Key words 

Genetic variability, Isozyme, Breeding, Southeast Asia, Fisheries 

Synopsis 

A manual on isozymic, analysis was prepared in order to analyze the genetic variability of 
important fishes in Southeast Asia. By using this manual, the genetic differentiation among 
local populations of catfish was analyzed. The results showed that the local populations of 
catfish display genetic differences and are important genetic resources. It was also observed that 
the analysis of genetic variability enables the efficient selection of breeding methods. 


Click here to continue Highlights 
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15. 


Title 

Large-scale production of lateral shoot seedlings of sugarcane using hydroponics systems 

Division 

Okinawa Subtropical Station 

Authors 

Yoshimitsu Katuta, Shigenari Sakuma and Eiichi Kuroshima 

Key words 

Low-input hydroponics, Sugarcane, Mother paint cultivation, Lateral shoot seedlings, 

Large-scale production 

Synopsis 

The JIRCAS Okinawa Subtropical Station developed a low input hydroponics system allowing 
the cultivation of sugarcane by large-scale production of lateral shoot seedlings. 


Click here to continue Highlights 
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16. 


Title 

Cryopreservation of shoot tips of taro (Colocasia esculenta (L.) shott) by vitrification 

Division 

Okinawa Subtropical Station 

Authors 

Hiroko Takagi, Nguyen Tien Thnh, Toshihiro Seneboku and Shigeo Yashima 

Key words 

Cryopreservation, shoot tips, Vitrification Taro (Colocasia esculenta (L.) shott), Long-term 
preservation 

Synopsis 

In vitro -grown shoot tips of taro (Colocasia esculenta (L.) shott) were successfully 
cryopreserved by vitrification. By the protocol developed in this study, the average rate of shoot 
recovery amounted to 100% for the triploid taro cultivars and 80% for the diploid taro cultivars. 
The protocol appeared to be very promising for the long term preservation of taro germplasm. 


Click here to continue Highlights 
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17. 


Title 

Detection of capsid proteins of viruses in papaya plant using protease inhibitor : antipain 

Division 

Okinawa Subtropical Station 

Authors 

Tetsuo Maoka and Chiyoichi Noda 

Key words 

Plant viruses, Detecting method, Protease inhibitor, Papaya 

Synopsis 

Modified western blotting for detecting capsid protenis of papaya's viruses directly from papaya 
plants was developed. This method is expected to accelerate the production of transgenic 
papaya plants. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah8/4-17.html [10/7/2002 8:42:09 PM] 
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< JIRCAS Research Highlights in 1995> 

1. Development of a statistical information system relating to world agriculture, forestry and fisheries 

2. Haploid production in wheat crossed with stored peal millet pollen 

3. Screening cowpea for drought tolerance 

4. Distribution patterns and characteristics of the lowland soils in the Philippines 

5. Physiological mechanisms for acid-soil tolerance of upland rice in the savanna of South America 

6. Mitigation technologies of methane emission from tropical rice fields 

7. Mechanism of desertification relating to micrometeorology caused by over-grazing 

8. Ecological traits of weedy rice (padi angin )in direct seeded rice fields in Malaysia and control 

strategy 

9. Reproductive strategy of the parasitoid fly, Exorista japonica (Diptera: Tachinidae)-clutch size 

regulation in response to host density - 

10. Formulae and processing methodology of urea molasses blacks for ruminant animals in Malaysia 

11. Utilization of oil palm frond silage in the tropics 

12. Statistical procedure for the assessment of the association between multiple DNA markers and 

phenotypic records 

13. LA-PCR method for mitochondrial DNA RFLP analysis in pigs and wild pigs 

14. Evaluation of land degradation for resource management 

15. Studies on low regeneration capacity after selective logging in tropical rain forests 

16. Ecophysiological performance of Dipterocarps in response to environmental stress -Special 

emphasis on water relations- 

17. Soil erosion in pineapple fields and its control 

18. Low-input hydroponics systems under field conditions 
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1 . 


Title 

Development of a statistical information system relating to world agriculture, forestry and fisheries 

Division 

Research Information Division 

Authors 

Osame Koyama 

Key Words 

Food demand and supply analyses, Software, Socio-economic statistics 

Synopsis 

In order to promote studies on food demand and supply world wide and to enhance the strategic planning of 
international joint research projects, a software for integrated accumulation and handling of socio-economic 
statistics relating to world agriculture forestry and fisheries was designed and developed. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa71 .htm [10/7/2002 8:42:' 


PM] 



2 . 


Title 

Haploid production in wheat crossed with stored pearl millet pollen 

Division 

Biological Resources Division 

Authors 

Masanori Inagaki, Abdul Mujeeb-Kazi(CIMMYT) 

Key Words 

Wheat, Pearl millet, Haploid, Wide cross, Pollen storage 

Synopsis 

Pearl millet pollen germinated at frequencies in the range of 40-50% when pollen water contents were reduced 
from 50-60%(fresh)to 5-7%.Dried pollen showed similar germination frequencies after the freezing process. In 
crosses of wheat with pearl millet pollen stored for 3months, haploid wheat embryos were obtained at 
frequencies of 14-29% which were comparable to those in case of crosses with fresh pollen. These results 
suggest that stored pearl millet pollen can be used for wheat haploid production when and where fresh pollen is 
not available. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa72.htm [10/7/2002 8:42:12 PM] 



3 . 


Title 

Screening cowpea for drought tolerance 

Division 

Biological Resources Division 

Authors 

Tomio Terao, Iwao Watanabe, B.B. Singh (IITA) 

Key Words 

Africa, Cowpea, Adaptation to drought conditions 

Synopsis 

Drought-tolerant lines of cowpea were screened for adaptation to the semiarid tropics of West Africa. These 
lines we re able to grow vigorously in the dry season using residua 1 soil moisture and they yielded an adequate 
amount of fodder and grains (about 1 ton per ha) without any precipitation and irrigation. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa73.htm [10/7/2002 8:42:13 PM] 



4 . 


Title 

Distribution patterns and characteristics of the lowland soils in the Philippines 

Division 

Environmental Resources Division 

Authors 

Kenzo Miura 

Key Words 

Philippines, Luzon Island, Lowland, Soils, Characteristics, Parent materials, Climate, Topography, Distribution 
patterns 

Synopsis 

Distribution patterns and characteristics of the soils in the major lowland rice areas in Luzon Island, the Philippines 
were analyzed in relation to factors such as parent material s, climate, and topography. The characteristics of the 
Philippine lowland soils were essentially controlled by the basic nature of the parent materials. However, 
differences in the soil characters among regions and within a region were induce d by factors such as rainfall and 
topography, which may control the local soil moisture conditions. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa74.htm [10/7/2002 8:42:13 PM] 



5 . 


Title 

Physiological mechanisms for acid-soil tolerance of upland rice in the savanna 
of South America 

Division 

Environmental Resources Division 

Authors 

Kensuke Okada, Albert Fischer (CIAT), Elcio Gumaraes 

Key Words 

Acid-soil tolerance, Upland rice, Al, Savanna, South America, Rhizosphere, 

Soil solution, Physiological mechanism, pH 

Synopsis 

The Physiological mechanisms controlling genotypic differences of upland rice 
in tolerance to acid-soils were investigated in the savanna of South America. It 
was found that the soil pH»@decreased to 4.3 during crop growth, and the Al 
concentration in the soil solution increased to the level which brought about 
direct toxic effect on root growth. The tolerant genotypes the rhizosphere 
showed a slightly higher pH were able to avoid Al toxicity. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa75.htm [10/7/2002 8:42:14 PM] 
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Title 

Mechanism on desertification relating to micrometeorology caused by over grazing 

Division 

Environmental Resources Division in collaboration with National Institute of 
Agro-Enviromental Sciences 

Authors 

Yoshinobu Harazono 

Key Words 

Grazing intensity, Grassland, Penetration of rain Evaporation 

Synopsis 

Experiments involving different grazing intensities (change in sheep numbers 
grazing in the plots) were carried out in the semi-arid grassland in eastern part of 
Inner Mongolia, China. Changes in biomass and micrometeorology in each plot 
were examined. Biomass in the grassland decreased and the n umber of sheep 
footprints increased with the increase of the grazing intensity, leading to soil 
hardening. Penetration of rain water into the ground was prevented in plots with 
higher grazing in intensity resulting in increased evaporation just after rainfall and 
suppression of grass development. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa77.htm [10/7/2002 8:42:16 PM] 



8 . 


Title 

Ecological traits of weedy rice (padi angin) in direct seeded rice fields in Malaysia 
and control strategy. 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Hiroaki Watanabe, Azmi Man (MARDI), Md. Zuki Ismail (MADA), Duncan A. 
Vaughan (NIAR) 

Key words 

Malaysia, Direct-seeded rice, Weedy rice, Weedy control 

Synopsis 

In Malaysia, weedy rice (Oryza sativa L., locally designate d as*gpadi 
angin»h)induces crop losses by reducing the yield and quality of commercial rice. 
Weedy rice plants showed a wide variation in their morphology and in some 
ecological weedy traits such as easy grain shattering and seed dormancy, indicating 
that integrated control measures based on ecological methods should be applied to 
overcome the problems. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa78.htm [10/7/2002 8:42:16 PM] 



9 . 


Title 

Reproductive strategy of the parasitoid fly, Exorista japonica (Diptera: Tachinidae) 
-clutch size regulation in response to host density- 

Division 

Crop Production and Postharvest Technology Division 

Authors 

Satoshi Nakamura 

Key words 

Exorista japonica, Tachinidae, Oviposition behaviour, Noctuidae, Biological control 

Synopsis 

Effect of host encounter rate and host density per patch on the oviposition decision of 
Exorista japonica females, natural enemies of many noctuid larvae, was studied in 
the laboratory. The number of eggs laid per bout increased as the r ate of host 
encounter decreased and as the host density per patch increased. The results indicated 
that E. japonica females were able to regulate the clutch size with the host density 
(the rate of host encounter). 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa79.htm [10/7/2002 8:42:17 PM] 
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10 . 


Title 

Formulae and processing methodology of urea molasses*@blocks for ruminant animals in 
Malaysia 

Division 

Animal Production and Grassland Division 

Authors 

A. Oshibe, M. WanZahari(MARDI) 

Key Words 

Supplement, Molasses, Ruminant, Malaysia 

Synopsis 

Urea molasses block (UMB) is a promising feed supplement for ruminant animals in 
Malaysia. We developed formulae and a processing methodology that can be utilized on a 
semi-commercial scale through the collaborative research program with the Malaysian 
Agricultural Research and Development Institute (MARDI) 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa710.htm [10/7/2002 8:42:17 PM] 



11 . 


Title 

Utilization of oil palm frond silage in the tropics 

Division 

Animal Production and Grassland Division 

Authors 

Motohiko Ishida and Abu Hassan Osman (MARDI) 

Key Words 

Oil palm frond, Feed, Tropical cattle 

Synopsis 

Digestion and feeding trials were counducted to determine the feeding value of oil 
palm frond (OPF) silage in the tropics. It was found that beef and milk could be 
produced by utilizing OPF silage as one of the feed ingredients in the diet of fattening 
bulls and lactating dairy cows. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa711.htm [10/7/2002 8:42:18 PM] 
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Title 

Statistical procedure for the assessment of the association between multiple DNA 
markers and phenotypic records 

Division 

Animal Production and Grassland Division 

Authors 

Kenji Togashi and J.E.O. Rege(ILRI) 

Key Words 

Breeding value, Genetic markers, Accuracy of selection 

Synopsis 

A procedure foe the assessment of the associations between DNA markers and 
phenotypic records was developed. Remarkable increase of selection accuracy was 
found by restricting t he number of DNA markers to the top 30 in the order of 
magnitude. These findings that DNA markers for small effects tend to add noise to the 
estimation and that the procedure using selected DNA markers for large effects enhances 
the accuracy of selection. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa712.htm [10/7/2002 8:42:19 PM] 



13 . 


Title 

LA-PCR method for mitochondrial DNA RFLP analysis in pigs and wild pigs 

Division 

Animal Production and Grassland Division in collaboration with National Institute of 
Animal Industry 

Authors 

Masanori Komatsu, Job. M. Matias, Kumiko Takeda and Akira Onishi 

Key Words 

Mitochondrial DNA, RFLP analysis, Pig, Wild pig, LA-PCR, Philippines 

Synopsis 

We developed a simple method for amplification of pig and wild pig mitochondrial 

DNA (mtDNA), 2kb, and for mtDNA RFLP analysis using the long-Accurate (LA) PCR 
method. The usefulness of the present method for mtDNA amplification and mtDNA 
RFLP analysis was confirmed in Luzon native pigs and Luzon wild pigs. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa713.htm [10/7/2002 8:42:19 PM] 



14 . 


Title 

Evaluation of land degradation for resource management 

Division 

Animal Production and Grassland Division 

Authors 

Yukiyo yamamoto, Haruhiro Fujita, Gustav Gintzburger (ICARDA) 

Key Words 

Evaluation of land degradation, Neural network Resource map database, GIS, Marginal 
system 

Synopsis 

Neural network modelling was applied to evaluate land degradation hazard of a marginal 
agricultural system using a resource map database. Degradation degree and extent as 
supervisors, elevation, slope, direction, soil and vegetation as explanatory factors, were 
selected for the neural network modelling. Precisions of the modelling for the evaluation 
of the degree and extent of degradation were 86% and 79%, respectively. The evaluation 
of the degradation hazard was found valid in the northern foothills and plain during the 
field verification, where hazardously evaluated areas corresponded to sites with frequent 
gully erosion. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa714.htm [10/7/2002 8:42:20 PM] 



15 . 


Title 

Studies on low regeneration capacity after selective logging in tropical rain forests 

Division 

Forestry Division in collaboration with Forestry and Forest Products Research Institute 
(FFPRI) 

Authors 

Hiroyuki Tanouchi, Azman Hassan(FRIM), Nazarudin Ramli (FRIM), Yosuke 

Kom[nam[«(S) «@•(§) «@ «@ «@ «@ (FRPRT), Toshio Katsuki (FFPRI), Keizo Hirai, Shozo 
Sasaki (FFPRI), Md. Farid Abd. Rashid (FRIM) 

Key Words 

Selective logging, Natural regeneration, Logging methods, Soil disturbance 

Synopsis 

It was suggested that hill forests after selective logging should be maintained for the 
regeneration of Dipterocarp species. Although there were many saplings after selective 
logging, they could not become established around logging roads and grow under shaded 
canopy. Removal of stemless palms was effective in improving the light condition for 
shaded saplings. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa715.htm [10/7/2002 8:42:21 PM] 
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Title 

Ecophysiological performance of dipterocarps in response to environmental 
stress»@-special emphasis on water relations- 

Division 

Forestry Division 

Authors 

Yutaka Maruyama, S.K.yap (FRIM) 

Key Words 

Water relation, Stomatal response, Dipterocarp 

Synopsis 

Slow growth of dipterocarps appeared to be caused by stomatal closure during daytime, 
which strongly reduced photosynthetic CO, q»@ uptake. Low soil-to-leaf hydraulic 
conductance in dipterocarps limited water availability and thus caused a decrease in the 
leaf water potential especially in mature tall trees. Seedlings of dipterocarps grown in the 
nursery were susceptible to water stress due to the low ability of maintaining turgor. On 
the other hand, leaves of exposed trees had adapted to water deficiency stress 
morphologically and turgor was maintained, through osmotic adjustment. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa716.htm [10/7/2002 8:42:21 PM] 



17 . 


Title 

Soil erosion in pineapple fields and its control 

Division 

Okinawa Subtropical Station 

Authors 

KaZUO SUGAHARA 

Key Words 

Pineapple field, Erosion, Weeping lovegrass, Pigeonpea, Non tillage planting 

Synopsis 

Results indicate that soil erosion occurred downward along roads in a pineapple field. 

For the alleviation of erosion hazards, we grew pigeonpea in a field and weeping 
lovegrass on the lower edge before the initiation of nontillage planting of pineapple with 
residues of pigeonpea. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa717.htm [10/7/2002 8:42:22 PM] 
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Title 

Low-input hydroponics systems under field conditions 

Division 

Okinawa Subtropical Station 

Authors 

Harushige Sakuma, Katsmi Suzuki 

Key Words 

Field conditions, Hydroponics, Low-input, Lack of electricity, Nutrient control, Problem 
soils 

Synopsis 

It is difficult to cultivate crops in areas with problem soils such as saline, acid sulphate 
soils, etc.. For crop Production in such regions we developed new hydroponics systems 
that could be used field conditions without requiring electricity and control of nutrients. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah7/seikaa718.htm [10/7/2002 8:42:23 PM] 
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< JIRCAS Research Highlights in 1994> 

1. Agricultural Characteristics and Recent Research Acitivities in Central Asia 

2. Phylogenetic differentiation of tetraploid Vigna species,V.glabrescens detected by isozyme 

analysis 

3. Molecular Cloning and Characterization of cDNAs for Genes That Are Responsive to Dehydration 

Stress in Higher Plant 

4. Land degradation analysis of rainfed agricultural area in Pakistan using remote sensing data 

5. Effect of windbreak rows made of a conbination of several tree species on crop growth and 

improvement of micro-climatic conditions 

6. Effects of timing of N fertilizer application on grain production and N use efficiency in 
pigeonpea/sorghum intercropping (Timing of N fertilizer application in intercropping systems of 

the semi-arid tropics) 

7. Rice direct Seeding- Development of anaerobic Seeding technology in the tropics 

8. In vitro rearing of the tachinid parasitoid, Exorista japonica 

9. Population dynamics of the diamondback moth in Thailand 

10. Analysis and Modeling of Water Balance in the Inter-Connected Tank Irrigation System in Sri 

Lanka 

11. Procedure for the constmction of a model for simultaneous analysis of a combination of 

productivity and adaptability traits in African cattle 

12. Map database construction for regional resources management and its applicability 

13. Ecology and protection of the albizzia borer, Xystrocera festiva 

14. Registration of a Heat Tolerant Snap Bean Variety in Japan 
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Title 

Agricultural Characteristics and Recent Research Activities in Central Asia 

Division 

Research Information Division 

Authors 

Mitsunori Oka, Masaaki Suzuki 

Key Words 

Agriculture, Livestock, Fisheries, Environment, Soil Conservation, Water Resources, 
Genetic Research Activities, Central Asia 

Synopsis 

JIRCAS expanded its research activities to the Central Asia region. To identify the 
major research topics to be implemented jointly with research institutes in the region, 
we investigated the characteristics of agriculture and current research topics. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah6/eng_seikah61.html [10/7/2002 8:42:25 PM] 
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Title 

Phylogenetic differentiation of tetraploid Vigna species, V.glabrescens detected by 
isozyme analysis 

Division 

Biologica Resources Division 

Authors 

Yosinobu Egawa, Ithnin Bujang, Somsong Chotechuem, Charaspon Thavarasook, 
Kitbamroong Charas 

Key Words 

Phylogenetic differentiation, isozyme, Vigna, Ceratatropis, V. glabrescens, V. 
reflexo-pilosa, V. minima, V. trinervia 

Synopsis 

Based on Isozyme analysis, it is suggested thet wild tetraploid Vigna species, V. 
reflexo-pilosa originated from interspecific hybridization between V. minima and V. 
trinevia followed by netural chromosome doubling V. glabrescens is considered to be 
derived from V. reflexo-pilosa as cultivated type with erect growth habit. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah6/eng_seikah62.html [10/7/2002 8:42:26 PM] 
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Title 

Molecular Cloning and Characterization of cDNAs for Genes That Are Responsive to 
Dehydration Stress in Higher Plants 

Division 

Biological Resources Division 

Authors 

Kazuo Yamaguti-Sinozaki, Tomio Terao 

Key Words 

cDNA, dehydretion stress, diffemtial hybridization, Arabidopsis thaliana, Vigna 
unguiculata 

Synopsis 

We isolated 16 independent cDNAs (ERDs) for genes that are early-responsive to 
dehydration in Arabidopsis thaliana by using the technique of differential hybridization. 
We also isolated 10 independent cDNAs (CPRDs) for genes that are responsive to 
dehydation stress in Vigna unguiculata. Sequence analyses of these genes indicate that 
their products may play a role in the protection of cells from dehydration 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah6/eng_seikah63.html [10/7/2002 8:42:26 PM] 
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Title 

Land degradation analysis of rainfed agricultural area in Pakistan using remote sensing 
data 

Division 

Environmental Resources Division 

Authors 

Satoshi Uchida 

Key words 

Remote sensing, Land degradation, Vegetation conditions, Soil erosion 

Synopsis 

To extract a markedly eroded area, spot Panchromatic data were used. Multi-spectral 
information supplied by landsat tm data was used to calculate several kinds of indices 
related to vegetation, coverage and soil conditions. The characteristics of the 
distribution of these indices inside and out side of a markedly eroded area could not be 
clearly separated from each other, although from the statistical point of view some 
differences which are reflected in the regional characteristics could be recognized. The 
results obtained may contributed to a more precise analysis of land degradation and 
associated environmental deterioration in the study area. 
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Title 

Effect of windbreak rows made of a conbination of several tree species on crop growth 
and improvement of micro-climatic conditions 

Division 

Environmental Resources Division 

Authors 

Taichi Maki *, Borong Pan **, Ryoji Sameshima***, Mingyuan Du*** 

Key words 

Climatic improvement, Multiple windbreaks , Arid land, Desert 

Synopsis 

It is important to improve the climatic conditions in the marginal areaextending from 
barren land (•gdesert*h) to farm land (•goasis*h) to prevent desertification in arid lands. 

It was shown that the micro-climatic conditions of farm land were improved and 
alleviated by the construction of windbreak raws made of a combination of several tree 
species and also that the growth and development of crops were promoted and crop 
yields increased by windbreaks under the adverse climatic conditions including high 
temperature ,low humidity and strong wind that prevail at Turpan in Northwest China. 


*Meteorological Disaster Laboratory, Department of Farmland Utilization, National Agriculture 
Research Center 


** Xinjiang Institute of Biology, Pedology and Desert Research, China 
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Synopsis 

Nitrogen fertilizer application at about a month after sowing brought about a higher 
grain yield, area-time equivalent ratio and nitrogen use efficiency compared with the 
application before sowing. It is speculated that inorganic nitrogen which accumulated in 
the soil solution during dry the season contributed significantly to the initial growth of 
fast-growing component crops (sorghum) in the intercropping system. 


*JIRCAS 
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Key Words 
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Synopsis 

Anaerobic seeding technique in which pregerminated seeds are sown under the puddled 
soil surface has been developed to alleviate the constraints direct (erratic crop 
establishment, increased weed infestation, and lodging) in direct seeding culture of rice 
in the tropics. Germplasm accessions tolerant to flooded anaerobic soil were identified. 
The seeds were sown anaerobically by broadcasting or drilling. The technique was 
tested successfully in fields located in the Philipplines, Vietnam, and Myanmar and was 
production was as high as in the case of transplanted rice. 
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Synopsis 

A tachinid parasitoid fly, Exorista haponica, a natural enemy of many lepidopterous 
larvae,was aseptically reared throughout the larval stages from the egg stage in vitro by 
using various artificial diets based on insect tissue culture media and heat-treated 
silkworm haemolymph (BMH). When diets containity BMH were used, most of the 
larvae formed respiratory funnels at the 1 st instar atage and developed to the 3 rd instar. 
When BMH was used as a diet, 13% of the larvae developed into adult flies. On the 
other hand the addition of 20-hydroxy ecdysone in the diets did not affect the larval 
development of the fly in vitro. 
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Procedure for the construction of a model for simultaneous analysis of a combination of 
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Synopsis 

A model the for simultaneous analysis of genetic (co) variances for productivity and 
adaptability was developed by based in a Bayesian procedure. Herd life and milk yield 
were selected as adaptability and productivity traits, respectively. This procedure was 
applied to the data set of Friesian cattle in Kenya. Heritability values for milk yield and 
herd life were 0.172 and 0.4, 24,respectively. Genetic correlation was -0.452. These data 
indicate that simultaneous analysis must be carried out to a void losing genetic diversity 
in each trait. 
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Map database construction for regional resources management and its applicability 

Division 

Animal Production and Grassland Division 

Authors 

Haruhiro Fujita, Gustav Gintzburger 

Key Words 

Map database, Resources management, Land degradation, Thematic maps, GIS, Human 
influences 

Synopsis 

Map database of land resources (topgraphy, soil, landform, landunit, vegetation, land 
degradation) and their utilization (grazing and shrub cutting areas and their intensities) 
in a local barley/rangeland/livestock agricultural system was constructed within GIS. 

The map database was found to be useful for the evaluation and integration of human 
influences on natural resources in such marginal agricultural systems where land 
degradation prevails. 
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Registration of a Heat Tolerant Snap Bean Variety in Japan 

Division 
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Authors 

Hiroshi Nakano, Tokuhiro Momonoki et al. 

Key Words 
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Synopsis 

Ishigaki 1 was bred and registered as a new variety by the Ministry of Agriculture, 
Forestry and Fisheries. It is a heat tolerant variety during pod setting. Critical 
temperature for pod setting of Isihigaki 1 ranges from 28.0 to 29.5»Z(mean day air 
temperature). The variety is adapted to the climatic conditions prevailing in the 
subtropical island of Japan called Nansei-shoto. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah6/eng_seikah614.html [10/7/2002 8:42:33 PM] 



JIRCAS Research Highlight in 1993 


< JIRCAS Research Highlights in 1993> 

1. Tropical Agriculture Research Reference Information System(TROPIS) 

2. Structure and Function of Genes Responsive to Dehydration in Higher Plants 

3. DNA Probes for Detecting Pathogenic Mycoplasma-like Organisms in Plant Diseases in Southeast 

Asia 

4. New Rice Varieties Registered in Yunnan Province, China 

5. New Cucumber Varieties for Summer Season in Sub- tropical China 

6. Genetic diversity of bradyrhizobia in Thailand 

7. Soil properties in the desert region 

8. Pepper and cucurbit virus incidence and control in Thailand 

9. Laboratory breeding of the smallest ruminant, lesser mousedeer(Tragulus javanicus), as a new 

laboratory animal 

10. Studies on cellulolytic bacteria in the rumen of tropical domestic ruminants and its characterization 

11. Variants of wheat partially lacking Wx proteins for breeding waxy wheat 
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Feature Article 

Distribution Systems and Rural Development 



Kazuyuki Tsurumi 

Director, Development Research Division, JIRCAS 

In West Africa 

A few years ago, I had the opportunity to visit several countries in West Africa. As generally known, West Africa 
is an area where the income level is very low and where essential food products are in short supply, especially, compared 
to other developing areas. In addition, these countries are facing many problems such as limited water resources, 
degradation of soil, difficulty in increasing the production of foods, etc. 

During my visit there, I was able to observe a farming village where farmers were actively tackling the production 
of farm products, especially, the production of vegetables under such difficult conditions. Actually, only part of the 
farmers were working actively in the village. However, they not only dug wells for themselves to ensure the water supply 
for their own use but also installed a fence neatly around the village to protect themselves from wild 
animals. Furthermore, their farmland was well-managed and they appeared to be full of life. According to them, very 
recently, an open market had been set up near the village and they began to deliver their products to the market. It is 
obvious that when cash income is readily available, farmers are strongly motivated to produce farm 
commodities. Although I heard that there was only one TV set in the village, it seemed that the TV supplied a great deal 
of information as well as a means of entertainment in the village. It is no exaggeration to say that the example of the 
village in West Africa described above suggests that the presence of markets strongly affects the regional economy and 
this is common throughout the world. Still, I would like to emphasize that the vitality I observed in the village I visited 
was remarkable, compared with other villages in the vicinity. 

Agricultural promotion measures 

Not only in Africa but also in many other regions, agricultural promotion measures are being implemented based 
on some development programs managed by each country or each region. Besides, international agencies and institutes in 
advanced and developing countries also have long been carrying out on a large scale studies on the development of new 
varieties of crops, pest control measures, effective policy and systems, etc. as well as conducting surveys on social and 
cultural trends. Moreover, these countries and institutes have been making utmost efforts to disseminate the newly 
developed technology by dispatching specialists or advisors. However, I must admit that the results of these efforts are 
not satisfactory when I see the actual situation of farmers working on their farmland. Although there must be many 
reasons for the poor results, one of the major reasons is that it is difficult to give an incentive to farmers only by 
introducing new technology and/or constructing facilities. Actually, even though the activities seem to be successful at 
the beginning while they are supported with subsidies and by advisors, these activities are likely to revert to the original 
state upon termination of the said support. From a short-range view, there must be, at least, a tangible output for the 
benefit of producers to some extent in order for producers to maintain the incentive. In other words, cash income from 
markets and purchase of assets must be greatly attractive for them. Of course, only the existence of markets will not solve 
all of the problems. Needless to say, the production activities are indispensable. At the same time, it is important to 
ensure means of distribution of crops for sale. In order to improve the income level of all of the farmers, in this case, 
monetary distribution in a wide area which involves as many regions as possible is necessary, because the transfer or 
return of wealth in a limited region will not enable to improve the standard of living of all. 
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Distribution systems 

The existing distribution systems in developing regions have their own background based on traditions and social 
and economic conditions, respectively. In fact, the activities of official agencies and private distributors are closely 
related to support these distribution systems, and many actors operate between producers and retailers. What is important 
for agricultural promotion and the development of farming villages is not to totally remove the existing systems but to 
carefully review their advantages and disadvantages and to make full use of the existing advantages for necessary 
reforms. By maintaining fairness as a whole, it is more important in particular to orient private distributors toward a 
direction to let them play their role to their full capacity. In some countries and regions, due to the migration of 
populations to large cities, changes in food habits, etc., changes have already taken place in the distribution network and 
in the process of price formation. 

Together with the reform of systems, it is important to construct well-organized infrastructures for the distribution 
systems since basic infrastructures are often rudimentary in many developing regions. Because of the lack of adequate 
infrastructures, transportation of the crops produced takes a long time, resulting in losses of large quantities of crops and 
deterioration in quality during the transportation, which are serious problems. To address these problems, development of 
wholesale markets, transportation networks, storage facilities, etc. are urgently required in addition to technological 
development for processing the crops and preservation of the crops in the distribution system. Obviously, technological 
development varies with the environment, economic conditions, etc. of each country, starting from the development of 
techniques to prevent losses of the harvested crops and drying, and extending to the development of techniques to 
process crops to products with value added, provided that these commodities can be purchased at a low price and are 
acceptable to most of the people in the country or the region. 

For the development of efficient distribution systems 

Since the distribution systems play an important role in the improvement of the income of farmers and the 
enhancement of the regional economy, development of distribution systems is required along with technological 
development and its dissemination. Therefore, approaches from both aspects are suggested for the development of an 
efficient distribution system: one from the view point of system or institution, and the other from the technology 
perspective. As for the former, it is necessary to identify the existing constraints in the current system, taking into 
account the social background, and for the latter, to determine the current technological level and the objectives. Then, it 
is essential to implement a policy related to the reform and improvement of the distribution system as well as to 
determine the need for the introduction of newly developed technologies and to consider the possible impact on 
farmers* f economy and regional economy. Since a considerably large amount of investment, however, is required for 
the development of infrastructures for the distribution systems, plans for the promotion of distribution systems in the 
respective regions should be drafted carefully by setting up clearly priorities for the implementation of the programs. 

The example in West Africa introduced at the beginning of this article shows only one aspect of the distribution 
systems in that region. However, such a trend certainly offers a good opportunity for more efficient rural development, 
even though in some cases, how to maintain a market in itself is a problem. Furthermore, I would like to underline the 
fact that due to the changes in the technologies and systems for the distribution of products, the structure of producing 
areas for many kinds of foods has changed a great deal even in Japan. Now, I do hope that studies on technologies and 
structure for the development of more efficient distribution systems will be promoted to accelerate rural development in 
the developing regions, which requires a close collaboration among related researchers in many fields. 
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Rice from Thailand, China, Vietnam, 
Bangladesh, and the U.S. for sale in Ghana, 
West Africa 
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Collaborative Research Project 

Development of Technology for the Diagnosis and 
Prevention of Shrimp Viral Diseases in Malaysia 

The collaborative project titled: • gDevelopment of technology for the diagnosis and prevention of 
shrimp viral diseases* h was conducted for five years from 1996 until 2002 in Malaysia. This JIRCAS 
project was planned to target Southeast Asia which is a major area for prawn production. The fisheries 
industry is extremely important for many Southeast Asian countries surrounded by the sea. Especially, the 
prawn industry is the key of all fisheries, because of the high value to obtain foreign exchange. Recently, 
prawn culture has expanded rapidly in these areas because of the development of culture technology (Fig. 1). 
At the beginning of the 1990s, prawn production in the world amounted to about 700,000 MT, with 
Southeast Asia accounting for the major part. However, the production of cultured prawns markedly 
decreased as a result of serious viral disease outbreaks in the first part of the 1990s. Yellow Head Virus 
(YHV) and White Spot Syndrome Virus (WSSV) were the main viral pathogens. At present, WSSV is the 
most serious problem for the prawn industry in Southeast Asia. This viral disease has occurred in most of the 
prawn farms in Malaysia since 1996. The increased severity of widespread viral infection is the most 
significant threat to stable aquacultural production. Therefore, in order to ensure stable production of 
cultured products, it is essential to adopt preventive measures against viral diseases. The aim of this project 
is the development of serological diagnosis, disinfection, and other control methods for the prevention of 
prawn viral diseases. 


Fig. 1. Harvest of black tiger prawns 
from culture ponds. 


Research was executed according to a four-phase plan. In the first phase, investigations of the present 
conditions and problems associated with shrimp viral diseases were carried out. In these studies, field work 
was conducted based on the collection of accurate epidemiological data. In the second phase, the pathogens 
were identified by polymerase chain reaction (PCR) and other methods, and concentrated and purified in the 
next step. In the third phase, methods for rapid diagnosis were designed, including the production of 
monoclonal antibodies to develop serological diagnostic methods (Fig. 2). In the last phase, disinfection 
methods for disease control were developed. Sterilization of facilities using disinfectants was used, and 
attempts will be made to prevent the occurrence of prawn viral diseases. For this project, JIRCAS 
collaborated with the Fisheries Research Institute (FRI), Department of Fisheries, Ministry of Agriculture of 
Malaysia. The institute consists of four research divisions, namely Aquaculture, Fish resources, Marine 
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ecology, and Food processing. Fish health section belonging to the Aquaculture division was selected as the 
counterpart of the project. This laboratory had just initiated fish virological research because of the increase 
in the incidence of many fish viral diseases during the development of marine fish aquaculture. As a result, 
the required equipment had been already provided for virological studies. The Pathology division, National 
Research Institute of Aquaculture (NRIA), Ministry of Agriculture Forestry and Fisheries of Japan, supported 
this project by sending experts in 1998 and in 2000. As a result of this project, a few clones of virus-specific 
monoclonal antibodies were obtained. Hereafter, these monoclonal antibodies will be used for the diagnosis 
of WSSV. On the other hand, the WSSV inactivation test indicated that halogenous disinfectants induced 
effective inactivation even at lower concentrations. In future, the application of effective methods of 
diagnosis and disinfection of WSSV should enable to achieve sustainable aquaculture in Southeast Asia. 

Norihisa Oseko 
Fisheries Division, JIRCAS 

Present,National Research Institute of Aquaculture, Fisheries Research Agency 



Fig. 2. Process of monoclonal antibody production. 
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JIRCAS Research Highlight 

Quantitative Analysis of 2-Acetyl-l-Pyrroline, a Strong 
Flavor Compound of an Aromatic Rice Variety, Khao 
Dawk Mali 105 

A large quantity of rice is produced in many areas worldwide to meet the demand of consumers. In 
fact, aromatic rice varieties are very popular in Southeast Asia. Recently, they have gained a wide 
acceptance in Europe and the U.S.A. One of the major aromatic varieties, Khao Dawk Mali 105, is 
mainly produced in Northeast Thailand. The demand for this variety is increasing in both domestic and 
international markets due to the recognition of its good quality, i.e. pleasant aroma. Although an increase 
in production is urgently needed, cultivation is limited due to infertile and drought-stricken sandy soils. 
Erratic rainfall at the beginning of the rainy season and labor shortage for transplanting are other 
constraints on the production of this variety in Northeast Thailand. Since rice production is the most 
important activity in Northeast Thailand, where Khao Dawk Mali 105 is the main variety, it is essential to 
maintain the quality of this variety. It is assumed that the aroma quality depends on cultivation 
conditions and postharvest practices. However, there is no agreement with regard to factors controlling 
the aroma, and this could probably be related to the lack of objective methods for aroma evaluation of 
rice. Empirical methods include biting kernels, smelling tissue after warming, soaking in potassium 
hydroxide solution and organoleptic evaluations of cooked rice. 

A • gpopcom* h-like flavor compound, 2-acetyl-1-pyrroline (AcPy) (Fig. 1), has been reported to 
be an important flavor component of aromatic rice, which has a lower odor threshold than other volatile 
compounds in aromatic rice varieties. This compound also has been isolated and identified from pandan 
(Pandanus amaryllifolius Roxb.) leaves and popcorn. Moreover, this compound contributed to the aroma 
of roasted beef and crusts of wheat and rye breads. Quantification of this flavor compound in rice has 
been performed using a simultaneous steam distillation and solvent extraction. However, it is known that 
distillation leads to the loss of components during volatilization and also requires large amounts of 
samples. Consequently, quantification of AcPy in rice varied among the reports. Therefore, it is 
necessary to develop a method for quantification of AcPy in aromatic rice varieties using smaller samples 
and not employing steam distillation for extraction. 
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| 2-acetyl- ( 13 C-metyl)-1 -pyrroline 

|Fig. 1. Synthetic route leading to 2-acetyl-1-pyrroline and its labeled analog. 


Isotope dilution method, the method using isotope-labeled compounds as an internal standard, is an 
ideal method for quantification of AcPy using gas chromatography-mass spectrometry-selective ion 
monitoring (GC-MS-SIM). In our laboratory, we synthesized its Carbon 13 analog, 

2-acetyl-( 13 C-methyl)-1-pyrroline, for an internal standard following a straightforward synthetic route 
(Fig. 1). AcPy in rice was extracted with hot ethanol containing the standard compound, and analyzed by 
GC-MS-SIM. This improved method can enhance the sensitivity for quantification of AcPy in aromatic 
rice samples using small quantities (0.5 g) with a high specificity, linearity and reproducibility. 

Market samples, including KDML 105 (known as • gJasmine* h) were analyzed to demonstrate 
the applicability of this method. In milled rice of Khao Dawk Mali 105, the concentration of AcPy was 
286 • } 4.2 ppb (Fig. 2). Concentration of AcPy in brown rice, rice bran, husk and seedlings samples was 
relatively higher than in milled rice. 

We hope that the quantitative analysis method for AcPy we have developed will facilitate the 
studies on the elucidation of the AcPy formation pathway, and will eventually lead to the identification of 
the factors controlling the flavor of aromatic rice. 

Tadashi Yoshihashi 

Food Science & Technology Division, JIRCAS 
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JIRCAS Research Highlight 

Evaluation of Rainfall Station Network in Tropical 
Monsoon Area 

When a field plot receives rainfall during the irrigation season, rainfall becomes effective for crop 
production if the water requirement can be properly estimated and water storage in reservoirs can be 
properly managed. For this purpose, it is necessary to monitor the average amount of rainfall over an 
irrigation system using a rainfall station network. The spatial variability of precipitation and accuracy of 
rainfall observation for water management should determine the rainfall station density. This study aims 
at proposing a method to evaluate the rainfall station density. 

The study was carried out in the Muda Irrigation Scheme that is located in the northwestern part of 
peninsular Malaysia. It covers an area of 126,000 ha, of which 96,000 ha consist of rice fields. 

First, the spatial variability of rainfall should be investigated. It is expected that in a large area the depth 
of rainfall tends to decrease. Depth Area (DA) analysis deals with the relationship between the rainfall 
amount and area. The Depth Area relationship can be described by many empirical equations. In this 
study the simplified Horton method was used. 

Pi • • P 0 * @exp {-k • El) 

P 0 \ Maximum rainfall in one rainfall area 

Pf. Rainfall at the point l km apart from a rainfall center 

k : Coefficient (knr 1 ) 

/: Distance (km) 



Values of coefficients k were obtained using 385 one-day rainfall events in a part of the target area with 
10 rainfall stations. The location of the center for each rainfall event should be estimated at the same 
time. The coefficient of correlation between observed and estimated rainfall for each rainfall event was 
calculated. The average value of the correlation coefficients was 0.78. Although the equation is very 
simple, it describes the spatial variability of rainfall well because rainfall caused by convective lifting 
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predominates in the tropical monsoon area. Application of the equation to rainfall caused by frontal 
lifting or orographic lifting remains to be tested. 

Values of coefficient k for 95% of the rainfall events ranged from 0 to 0.6, while in 5% of the rainfall 
events extreme values of coefficient k exceeding 2.0 were recorded. DA analysis results showed that the 
average amount of rainfall decreased rapidly when the area increased. 

Next, rainfall events with specified coefficient k over an area in which rainfall stations were evenly 
scattered were simulated. Accuracy of observation for simulated rainfall events under the given station 
density was calculated. Relationship between the accuracy of observed rainfall and rainfall station 
density was obtained for the coefficient k of rainfall after appropriate simulations. 

Finally, the rainfall station network was evaluated by combining the distribution of the coefficient k with 
the results of simulations. Standard error of rainfall events as a function of the station density in the Muda 
Irrigation Scheme is shown in Fig. 1. The evaluation of the rainfall station network implemented in 
Isohara by the Meteorological Agency of Japan is shown in the same Figure. It was considered that the 
rainfall station density in the Muda area should be higher because of the larger spatial variability of 
rainfall. 



A: Present station density 
B: Initial station density 

Fig. 1. Standard error of rainfall events as a function of station density. 


Rainfall data acquisition system began with 20 stations and has expanded to 61 stations in the Muda area. 
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The effect of this improvement and further investment was not apparent. The Figure shows that the 
expansion of the rainfall station network improved the accuracy of rainfall observations. However, a 
large number of rainfall stations are necessary for further improvements. 

Traditional evaluation methods require many rainfall stations. In this study attempts were made to 
combine the evaluation of the rainfall station network with Depth Area analysis to reduce the number of 
rainfall stations for evaluation. The evaluation method proposed could be applied to irrigation systems in 
the flat plains of the tropical monsoon area. 

Naoki Horikawa 

Crop Production & Environment Division, JIRCAS 
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JIRCAS Fellowship 

JIRCAS Fellowship Program: Welcoming New Visiting 
Researchers 


Nineteen Visiting Researchers are participating in the 2001-2002 JIRCAS Visiting Research Fellowship Program to 
carry out collaborative research at Tsukuba and Okinawa. 


Tsukuba (1 year at JIRCAS HQ.) 

iKetut Wikantika 

Bandung Institute of Technology, 
Indonesia 

Diversification of vegetable type mapping in mountainous area 
using remote sensing and GIS data 

ILam-Son Phan 
[Tran 

Nara Institute of Science and 
Technology, Japan (from 

Vietnam) 

Functional analysis of drought-inducible genes for transcription 
factors containing a NAC DNA binding domain 

iPang Xin 

Chinese Academy of Sciences, 
China 

Physiological mechanisms of nutrient acquisition by crops from 
low-fertility tropical soils 

^owena H. Oane 

International Rice Research 
Institute, Philippines 

Studies on the ecology and physiology of endophytic 
micro-organisms (nitrogen-fixing bacteria, chitinase-producing 
bacteria, etc.) in plants 

IMolay Kumar 

k°y 

Ehime University, Japan (from 
Bangladesh) 

Studies on the mechanism of apoptotic cell death induced by some 
dietary components in human cancer cell lines 

Tsukuba (5 months at National Institute of Agrob 

ological Resources) 

Muhammad 
|Ayub Khan 

National Agricultural Research 
Center, Pakistan 

Analysis of relationship between bruchid resistance and 
mungbean seed protein 

IZong Xuxiao 

Institute of Crop Germplasm 
Resources, China 

Analysis of genetic diversity in the Vigna angularis complex and 
related species in East Asia 

jNguyen Van Hau 

National Institute of Animal 
Husbandry, Vietnam 

Study on the methods for evaluation and characterization of 
Vietnamese pig genetic resources by using DNA markers 

|Enda Y. Ardales 

University of the Philippines, Los 
Banos, Philippines 

Characterization of the aur Bs2 gene homolog in Xanthomonas 
oryzae pv. oryzae 

Okinawa (1 year at JIRCAS Subtropical Station) 

|Nur Ahamed 
|Khondaker 

Bangladesh Agricultural Research 
Council, Bangladesh 

Maximizing water use efficiency by micro-irrigation at different 
irrigation depths and with different amounts of water 

|Wan Abdullah 
Wan Yusoff 

Malaysia Agricultural Research 
and Development Institute, 
Malaysia 

Evaluation of soil erosion and nutrient flux in Ishigaki Island 

jTarlan Mamedov 

Azerbaijan Academy of Sciences, 
Azerbaijan 

Characterization of heat tolerance in transgenic tobacco 
(ER-sHSP) 

Sabaruddin 

[Zakaria 

Syiah Kuala University, Indonesia 

Pollen tube growth and accumulation of reserve substances under 
high temperature stress in snap bean 

IMohamed 

|Koronfel 

Cairo University, Egypt 

Genetic engineering of salt tolerance in rice plants 

lArifin Noor 
Sugiharto 

Brawijaya University, Indonesia 

Development of transformation methods and suitable tissue 
culture procedures for generating a high survival rate of 
sugarcane regenerants 

[Yunxia Liu 

Chinese Academy of Agricultural 
Sciences, China 

Differential screening of anthocyanin transcriptional activator 
genes of sweet potato 

iMuchdar 

|Soedarjo 

Research Institute for Legume and 
Tuber Crops, Indonesia 

Cloning of anthocyanin transcriptional activator genes from 
cDNA library of sweet potato 

|Jiang Ling 

Huazhong Agriculture University, 
China 

Development of genetic transformation technique in papaya plant 
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Bui Thi Ngan 

Cotton Research Center, Vietnam 

Evaluation and utilization of natural predator, Antilochus 
coqueberti against the cotton Stainer 
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A freshwater fish shop in Guangzhou, China. Sliced fish, covered in blood to demonstrate its 
freshness, is on sale, although freshwater fish is usually sold live in China. (Photo by Y. Fukuda) 
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Feature Article 


World Aquatic Foods and Activities of JIRCAS 



Yutaka Fukuda 

Director, Fisheries Division, JIRCAS 


Food production capacity of the hydrosphere 

When seen from a spacecraft, the hydrosphere of the earth* fs surface appears as a beautiful blue region. It occupies 
70% of the earth* fs surface and its deepest point is deeper than 10,000 meters. Therefore, the hydrosphere by far surpasses 
land in its capacity as a potential space where creatures could live. The world* fs oceanic region, however, despite its huge 
volumetric capacity, has a lower biological productive capacity than land due to its low nutrient content. As a potential place 
for food production, land provides cereal and other primary products that form the staple human diet. Unfortunately, it is 
difficult to utilize the hydrosphere* fs primary product, phytoplankton, as food. Instead, humans exclusively utilize fish, 
shellfish, and other higher-order products of the hydrosphere. 

Trends in catch quantity 

In 1999, the total catch of the world* fs fisheries reached 137 million tons. This amount was 1.3 times larger than that in 
1990, with the increase being greater than the increase in production of cereal grains, which remained at the same level 
between 1990 and 1999. However, it is generally believed that the ocean* fs capacity to provide foods will probably run out 
in the near future. With respect to country-wise distribution of catch quantity in 1999, Japan landed 6.61 million tons, the 
third highest in the world. Japan* fs catch at one point was higher than any other country in the world, but it was ousted from 
its position by China in 1989. China, which landed 47.5 million tons, equivalent to about 35% of the world* fs entire catch in 
1999, harvests more from the hydrosphere, by far, than any other country. Although some economists doubt China* fs catch 
statistics, the catch quantities, especially of the freshwater fisheries resources, are dramatically increasing, pushing up the 
world* fs total catch. Therefore, the inland water regions of the world are expected to become potential places for 
development of fisheries. Peru and Chile, South American countries where sardine is a major fisheries resource, landed 8.44 
and 5.59 million tons, respectively, becoming the world* fs second and fifth highest ocean harvesters. 

Predicted consumption of fishery products in year 2010 (FAO) 

In year 2010, the world* fs population is expected to reach 7.03 billion. Accordingly, 100 to 120 million tons of aquatic 
food will be needed. Assuming that about 30% of the total catch is inedible, it is expected that there will be a shortfall of 10 to 
40 million tons in aquatic foods. Japan and other Asian countries including China, India, Indonesia, the Philippines, and 
Thailand consume a particularly large amount of fish products. Various ichthyophagous cultures are now being practised in 
monsoon regions around Asia where the staple food is rice, while in European countries diets are mainly based on various 
meat products. Considering the significant increase in personal incomes of people in Asia in recent years, it is estimated that 
69 million tons of aquatic foods will be needed around this region by year 2010. In other words, more than half of the 
world* fs fisheries products will be consumed in Asian countries (see figure). 

Activities of JIRCAS Fisheries Division 

In this context, the JIRCAS Fisheries Division is engaged in three international collaborative studies to secure fisheries 
products in Asia. The first is • gStudies on sustainable production systems of aquatic animals in brackish mangrove areas,* h 
conducted in cooperation with the Philippines, Malaysia, and Thailand. This study aims to restore fisheries resources and 
develop the technology of environment-friendly aquaculture using natural nutrients and the environmental protection ability 
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of brackish-water mangrove forests. The second study is • gElucidation of reproductive mechanisms in the giant freshwater 
prawn, and research aiming to improve prawn-rice farming systems in the Mekong Delta.* h This study is being conducted in 
cooperation with Vietnam, and is aiming at the establishment of freshwater prawn aquaculture systems combined with rice 
growing as part of the conventional complex agriculture in the Mekong Delta of Vietnam. The third study is entitled, 

• gDevelopment of technology for utilization of freshwater fisheries resources.* h This study is being carried out in 
cooperation with China, and is aiming at the development of techniques to manufacture frozen minced fish meat (SURIMI) 
and fishmeal from freshwater fish. 


Predicted pattern of consumption of 
aquatic foods in year 2010 

(Total world consumption-115.3 million tons) 
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Collaborative Research Project 

Collaborative Research in Vietnam: 

Development of Farming Systems in the Mekong Delta Area 


The Mekong Delta was formed about 10 thousand years ago at the mouth of the Mekong River. Covering roughly 
four million hectares, the region, except for small hills near the Cambodian border, is less than one m above sea level 
(Fig. 1). Large-scale flooding follows the rainy season and washes away damaging salt and acid sulfate, providing 
fresh fertile soil and fish. Depending on the topography, the Delta* fs soils range from alluvial to acid sulfate to 
saline. Houses line the hanks of the well-developed canal network due to the high elevation and the convenience of 
waterway transportation (Fig. 2). In addition, ponds are also dug for stocking fish and as a source of soil with which to 
expand the farm area (Fig. 3). 



Fig. 1. Topology map of the Mekong Delta (Ministry of Irrigation, 
1987). 


Fig. 3. Farmer* fs fruit garden with a pond. 


In the region, the doi moi economic renovation program, initiated in the late 1980s, has contributed to rapid 
economic growth through further development of the traditional and unique agricultural VACR systems (a Vietnamese 
acronym standing for fruits and vegetables, aquaculture, livestock and rice). They combine fruit and vegetable 
cultivation, animal husbandry and aquaculture and contribute to sustainable agricultural management by cycling 
products through several stages of production in order to minimize waste while maximizing benefits. 

The major objective of the five-year research project (1999-2003), titled:* gDevelopment of new technologies 
and their practice for sustainable farming systems in the Mekong Delta,* h is to promote agricultural practices that are 
not only economically profitable but also ecologically sustainable as farming systems. Research subjects included in 



Fig. 2. A typical farmer* fs house in the 
Mekong Delta with a pigsty and a fish pond. 
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the project comprise the development of technology for components of farming systems in the areas of rice, livestock, 
fruit and aquaculture production. The project also aims to develop and evaluate sustainable farming systems that 
employ technology for environmental conservation and VACR farming systems and put these technologies into 
practice through the establishment of model VACR farming and extension systems. For this purpose, the studies have 
been carried out in collaboration with Cantho University (CTU), Cuu Long Delta Rice Research Institute (CLRRI) and 
the Southern Fruit Research Institute (SOFRI). So far, in the project, studies for the development of techniques for the 
breeding of salt-tolerant varieties and development of integrated pest management in rice and rice-based farming 
systems have been carried out. In the livestock area, techniques for feeding management for pig production and 
pathological diagnosis of porcine diseases have been improved. A model orchard was established for the improvement 
of fruit production at the on-farm trial site and basic technology for prawn seed production has also been developed 
(Fig. 4). Development of methods for the assessment of nitrogen cycling is currently being promoted. In the 
socio-economic area, farming systems at the research site were classified and the cause-effect relationship of the 
technical and economic factors in farming systems was analyzed. 

The annual Workshop of 2001 was held at CLRRI, Cantho, Vietnam,during the period of November 27 - 29, 
2001, to review the results already obtained and to examine the future research direction of the project (Fig. 5). The 
next annual Workshop of 2002 will be held at the College of Agriculture, Cantho University in November 2002. 



Fig. 4. Giant freshwater prawns being cultured 
at the Institute for Marine Aquaculture, Cantho 
University. 



Fig. 5. The 2001 annual Workshop held at 
CLRRI, Cantho, Vietnam. 


Tetsushi Hidaka 

Development Research Division, JIRCAS 

( Present, Research Center for the Pacific Islands Kagoshima University) 
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JIRCAS Research Highlight 

On-Farm Trial to Develop Agropastoral Systems in the 
Brazilian Savannas 

Since 1996, JIRCAS has been implementing an international collaborative project with Brazilian 
Agricultural Research Corporation (EMBRAPA), for developing agropastoral systems (sustainable crop-pasture 
rotation systems) in the Brazilian savannas. As a part of the project, an on-farm trial to transfer the technologies 
and knowledge of the experimental stations to private farms has been conducted. Here, the process and results of 
the trial are introduced. 

The Agricultural Training Center of National Federation of Japanese Immigrant Agricultural Cooperation 
(JATAK-ATC) was selected as the experimental site of the on-farm trial. JATAK-ATC is located in the 
Guatapara district of the San Paulo State, which is approximately 300 km northwest from Sao Paulo City. It 
consists of 570 ha of upland fields and 450 ha of wetland, and is playing an important role to demonstrate and 
diffuse the advanced agricultural technologies to the small or middle holders in the district. The aims of this study 
are (1) selection of forage species suitable for intensive grazing on the upland fields, (2) selection of forage 
species suitable for the wetland pasture, and (3) establishment of key technologies to develop sustainable 
agropastoral systems in JATAK-ATC. 


Grazing cattle on the wetland pasture 
during dry season. 



When the on-farm trial was begun in 1997, most of the upland field area was utilized as sugar cane fields 
(Fig. 1). However, to avoid soil deterioration by mono-crop cultivation of sugar cane, JATAK increased the 
cultivated area of corn in 1998. The soil of the upland fields was an Oxisol, which had a very high sand content 
(80%), and low organic matter content (1.8%). Thus, an agropastoral system combining forage crops with sugar 
cane and corn seemed to be a good alternative to enhance soil fertility of the upland fields. Until 1997, Brachiaria 
decumbens was the only grass species planted in JATAK-ATC. It is kn own that B. decumbens has tolerance to 
low soil fertility, but its nutritive value is relatively low. Thus, a grazing experiment was conducted for two years, 
comparing B. brizantha, B. dictyoneura, and Panicum maximum with B. decumbens. Results of the experiment 
indicated that B. brizantha was most suitable for intensive grazing, from the points of view of dry matter 
productivity, forage quality and persistency of the pastures. 
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Fig. 1. Change of land use with time in the Agricultural Training Center of 
JATAK, the Guatapara district, San Paulo State. 


On the other hand, in the wetland, a drainage system was constructed between 1994 and 1997, and the 
drained areas have been utilized as native pastures. The number of animals of JATAK-ATC also increased from 
197 heads in 1994 to approximately 1,000 heads in 2001. Since 1998, several field experiments have been 
conducted to select grass species to improve pasture productivity of the wetland. Flooding tolerance was 
compared between Brachiaria decumbens, B. brizantha, B. humidicola, Andropogon gayanus, Paspalum atratum, 
and Cynodon dactylon. Only B. humidicola and P. atratum could survive the flooding during the rainy seasons. In 
Central Brazil, the producer can buy seeds of B. humidicola more easily than P. atratum. Thus, B. humidicola 
was considered to be the most suitable forage species for the wetland of JATAK-ATC. Moreover, results of the 
seeding experiments indicated that the suitable seeding period of the wetland was the beginning of the dry season 
when it became possible for a tractor to enter the wetland. 

In the Guatapara district, 750 ha of the wetland owned by the small and middle holders remain 
unutilized. The pasture establishment technologies for B. humidicola tested in JATAK-ATC can be adopted by 
them. Results of this study also suggest that JATAK-ATC can develop sustainable agropastoral systems 
combining sugar cane and grain production and livestock production in future. Further research will be continued 
to improve the agricultural sustainability and to enhance the feeding resources of JATAK-ATC. 

Tsutomu Kanno 

Animal Production & Grassland Division, JIRC AS 
(Present, National Agricultural Research Organization 
National Agricultural Research Center for Tohoku Region) 
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JIRCAS Research Highlight 


Tagging of Leaf Rust Resistance Genes, Lr34 and Lr46, 
Using Microsatellite Markers in Wheat 

Leaf rust, caused by Puccinia recondita Roberge ex Desmaz f. sp. tritici Eriks. & E. Henn. is the 
most serious disease in wheat. Resistant cultivars are very important for sustainable wheat production in 
developing countries for economic and environmental reasons. Most of the leaf rust resistance genes 
identified are race-specific, and since they may be overcome by genetic shifts or new virulence in the 
pathogen population, durable resistance, that is, race-nonspecific and/or slow rusting genes, may be of 
primary interest to wheat breeders. This resistance may be expressed best at the adult plant stage as a 
quantitative trait. 

Slow rusting genes have small effects, and hence are easily affected by environmental conditions 
and are difficult to identify due to their race-nonspecificity. Tagging these genes with molecular markers 
increases the efficiency of selecting leaf rust resistance and facilitates marker-assisted selection. 

A doubled haploid (DH) population was produced from cv. Fukuho-komugi»~cv. Oligoculm by 
means of wheat*~maize crosses. A full genetic linkage map was constructed using various kinds of 
molecular markers, such as microsatellite, RFLP, RAPD etc. A framework map with 343 markers was 
used to perform QTL (quantitative trait loci) analysis for leaf rust resistance in this population. Leaf rust 
severity was scored at adult plant stage in the field for two seasons, 2000 and 2001, at Cd. Obregon, 
Sonora State, Mexico (Fig. 1). 


Fig. 1. Symptoms of leaf rust-infected 
leaves. 

From left to right (two leaves each): 
Fukuho-komugi ( Lr34 ), Oligoculm 
( Lr46 ), resistant and susceptible DH 
lines. 



Two chromosome regions, 7DS and 1BL, for the putative QTLs were detected by composite 
interval mapping (CIM) (Fig. 2). These QTLs were considered to be due to the effects of the known slow 
rusting genes, Lr34 and Lr46, according to their positions. The QTL analysis also indicated that Lr34was 
derived from the Japanese cv. Fukuho-komugi, while Lr46, from the Israeli cv. Oligoculm. These QTLs 
explained about 40% and 26% of the total variation. 
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Fig. 2. Likelihood ratio (LR) contour by composite interval mapping for QTL 
detection of leaf rust severity on chromosome IB long arm and 7D short arm. 
Bold contour indicates LR by joint analysis of data for the years 2000 and 2001. 
LR thresholds, equivalent to LOD=2.5, are 11.5 for a single year and 13.8 for 
joint analysis. Short arms are toward the top.* a* ©indicates centromere. 


Microsatellite markers, Xgwm295.1 and Xwmc44, were linked to these QTLs on 7DS and 1BL, 
respectively. When the population was classified according to the genotypes of these markers, the mean 
differences in leaf rust severity for Xgwm295.1 and Xwmc44 were 40.1% and 25.5%, respectively. The 
mean severity of the lines, whose genotype was resistant for both Xgwm295.1 and Xwmc44, was 11.3%; 
this was 61.6% more resistant than the mean of susceptible lines (Table 1), and 19.9% more resistant than 
the overall mean. Moreover, genotyping using these molecular markers aids in discriminating the lines 
with Lr34 and Lr46 from those with only Lr34. 

Lr34 and Lr46 classified as slow rusting genes are widely used in CIMMYT (International Maize 
and Wheat Improvement Center) breeding program. The results indicated that the molecular markers 
used in this study facilitate the identification of Lr34 and Lr46, and contribute to pyramiding of the leaf 
rust resistance genes in the breeding program. 

This study was conducted as part of a collaborative program between Biological Resources 
Division, JIRCAS and Applied Biotechnology Center, CIMMYT from Jan. 1998 to Jan. 2002. 
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Table 1 Genotypic effects of flanking loci on leaf 
rust severity (%) 


Locus 

Genotyp^ 

2000 

2001 

Mean 

Xgwm295.1 

F 

12.6 

10.9 

11.9 

(7DS) 

O 

57.1 

46.6 

52.1 


dif. 

-44.5 

-35.7 

-40.1 

Xwmc44 

F 

47.6 

41.4 

44.9 

(LBL) 

O 

23.2 

16.8 

19.5 


dif. 

24.4 

24.6 

25.5 

Xgwm295.1 

F/O 

12.6 

10.1 

11.3 a* 

Xwmc44 

F/F 

11.6 

12.5 

12.5 a 


O/O 

32.8 

25.6 

30.2 b 


O/F 

80.4 

66.4 

73.0 c 


dif. (FO vs. OF) 

-67.8 

-56.3 

-61.6 


a F, O and dif. indicate Fukuho-komugi, Oligoculm and 
genotypic difference between F and O genotypes. F and O are 
resistant and susceptible for Xgwm295.1, and susceptible and 
resistant for Xwmc44 , respectively. 

b Mean values with different letters are significantly different 
(P<0.05). 


Kazuhiro Suenaga 

Biological Resources Division, JIRCAS 
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Symposium 


• gValue-Addition to Agricultural Produce and Products* h 

- Towards increase offarmers • / income and vitalization of rural economy - 

The 9th JIRCAS International Symposium on • gValue-Addition to Agricultural Produce and Products* h will 
be held October 16-17,2002, in Tsukuba, Japan. 

Background and Objectives 

The current world population is about 6 billion and it is anticipated that the population will reach 7.5 billion and 8.0 billion by 
years 2020 and 2030, respectively, according to United Nations* f World Population Prospects. Global food production 
should be increased so as to meet the demands of the rapidly increasing population, with the limited water resources and 
arable land. Therefore, the roles of rural areas where agriculture and food industry greatly contribute to the production of 
agricultural produce and products will become more important, from the point of food security. Agriculture is still the largest 
sector ofrural economies, and a majority of the rural population is engaged in agriculture, in developing countries.The 
incomes of rural people are much lower than the urban ones, and the population has been shifting from the rural to the urban 
areas seeking better incomes and convenient daily-life. These trends will lead to the reduction of rural potential as a base for 
food supply and the increase of the poorest in slums in big cities. On the other hand, it is difficult for small-scale rural food 
companies to compete with big companies of the urban and developed countries. In considering these facts, we have to make 
efforts to give rural people and enterprises tools to increase their income by adding value to the commodities, in order that 
they may stay in the rural areas and continue to be engaged in agriculture and food production. 

Changes in urban life-style as a result of the increased income and the increasing number of working women have resulted in 
increased consumers* f demand for a more diversified diet, for processed and convenience foods and for animal 
products. When people overcome hunger, they become concerned about the quality and safety of what they eat. For example, 
they will avoid foods with conta mi nants such as pathogens, mycotoxins and pesticides, and prefer foods with physiological 
functions such as anti-carcinogenicity and anti-hypertension. It is important for rural farmersand enterprises to market 
products that meet the demands of urban consumers. We dealt with postharvest losses of grains in the 5 th JIRCAS 
Symposium in 1998, and then started a research project to reduce postharvest losses of grains in Southeast Asia. It is 
worthwhile to review thedemands of urban consumers, the role of rural food industry and the related research activities in 
developing countries. For this purpose, we will invite distinguished experts from Japan and overseas, to discuss problems 
associated with ensuring high quality/safety of,and adding value toagricultural produce and products, and explore directions 
for research on these topics in developing countries. 


For further information, please visit the website http://www.iircas.affrc.go.ip/svmpo/ , or contact: 
Dr. Yutaka Mori 

Secretariat of the Organizing Committee for the 9th JIRCAS International Symposium 
Japan International Research Center for Agricultural Sciences (JIRCAS) 

1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, Japan 
Fax: +81-298-38-6342 E-mail: sympo9@ml.affrc.go.jp 
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People 

Dr. Yutaka Fukuda, was appointed Director of the Fisheries Division on March 1, succeeding Dr. Masachika Maeda who 
has joined Miyazaki University as Professor in the Department of Environmental Sciences. Dr. Fukuda is a fisheries scientist 
and, prior to joining JIRCAS, was Director of Food Processing and Preservation Division at the National Research Institute of 
Fisheries Science (NRIFS). From 1996 to 2000, as senior scientist of JIRCAS, Dr. Fukuda conducted research on efficient 
utilization of freshwater resources at Shanghai Fisheries University, as part of a JIRCAS collaborative research project with 
China. (See page 2 for his Feature Article and photo) 

Dr. Masa Iwanaga, Director of the Biological Resources Division at JIRCAS, has been appointed new Director General of 
the International Maize and Wheat Improvement Center (CIMMYT) and will join CIMMYT in July 2002. Dr. Iwanaga is the 
first Japanese scientist to become director of a CGIAR Center. He has said that he will • gbuild on CIMMYT* fs strong 
mission to end hunger and poverty in the developing world through clearly focused research on maize and wheat.* h He 
added, • gCIMMYT has an impressive record in improving the livelihoods of hundreds of millions of poor people, in rural as 
well as urban areas. My task is to ensure that CIMMYT continues to play a critical role in developing new knowledge and 
science-based technologies that will help farmers and consumers overcome malnutrition, improve their incomes, and move 
from subsistence into an economy marked by globalization and interdependence.* h 

Dr. Iwanaga holds a MS degree from Kyoto University and Ph. D. in Plant Breeding and Plant Genetics from the 
University of Wisconsin, USA. He has more than two decades of research and management experience in international 
development. He had worked for IPGRI, CIAT, and CIP for about seven, three, and ten years, respectively, before he joined 
JIRCAS in April 2000. 
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Feature Akticli 

Okinawa Subtropical Station: Present and Future 



Masaaki Suzuki 

Director, Okinawa Subtropical Station, JIRCAS 


Unique features 

The JIRCAS Okinawa Subtropical Station has two unique features. First, it is the only national research institution located in 
the subtropical climate zone of Japan. This makes it possible to conduct experiments with many tropical and subtropical crops 
either in open fields or in slightly heated greenhouses of the Station. Similar c li matic conditions can be simulated only in 
heavily heated greenhouses or climate chambers in other Japanese research institutions. The Station has, therefore, served as a 
center for conducting research on tropical and subtropical crops as well as the gateway for introducing and acclimatizing 
tropical crops. Second, the Station is located in Ishigakijima Island, a small coral island of which the environment typifies the 
subtropical and tropical insular regions of the world. Special socioeconomic and technological considerations are indispensable 
for the development of agriculture in these regions, and the Station has served as a key research station to develop agricultural 
technologies adaptable to these regions. 

The Station, at present, consists of five laboratories as well as the International Collaborative Research Section. The Island 
Environment Management Laboratory is the leading laboratory and is expected to develop technologies for attaining 
sustainable agricultural production in insular environments. The Environmental Stresses Laboratory is studying mainly the 
mechanisms of heat tolerance in vegetable crops and evaluating useful genetic resources that could be utilized for domestic and 
foreign breeding programs. The Crop Breeding Laboratory is developing useful breeding materials for sugarcane and tuber 
crops using biotechnology and is producing breeding materials for rice and wheat crops by rapid generation advancement 
techniques using advantageous climatic conditions. The Tropical Emit Crops Laboratory is developing technologies for 
culturing tropical fruit crops in subtropical conditions and evaluating the eating quality of fruits. This laboratory is also 
developing new technologies for the mass production of fruit tree seedlings. The Plant Protection Laboratory is developing 
technologies for controlling important tropical pests and diseases such as citrus greening disease by introducing an integrated 
pest management method. Linally, the International Collaborative Research Section serves as a receiving office for research 
fellows from tropical and subtropical countries. At present, 10 post-doctoral fellows have been invited from Indonesia, China, 
Egypt, etc. and are conducting pioneer research in the above-mentioned laboratories. 
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An air view of insular environment and technology development facilities. 

Future prospects 

More collaborative work within the Station is essential to contribute more effectively to the development of technologies for 
small islands in developing regions. We are now constructing a new building with a large-scale lysimeter, where the 
transpiration of crops, evaporation and infiltration of soil water, and the water movement in a soil-crop continuum can be 
measured accurately. Furthermore, by using the runoff plots, the mechanism of erosion can be studied more precisely and 
countermeasures can be proposed. The addition of these new facilities is expected to give a boost to the research in the Station 
and would hopefully lead to a better understanding of the tropical and subtropical island environments. One of the major 
problems facing such islands is the sustainable production of food. The JIRCAS Okinawa Subtropical Station hopes to 
contribute toward alleviating and solving this problem. 
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Collaborative Research Project 

Physiological Mechanism of Crop Heat Tolerance and Development of 
Heat-Tolerant Crops 

Heat stress is one of the most important constraints of crop production in tropical and subtropical regions, and the severity of the 
situation is growing worse each year due to increasing global warming. The JIRCAS Okinawa Subtropical Station has conducted 
research on physiological responses to high temperature conditions in various crops such as snap bean, adzuki bean, and tomato. Our 
research is financed in part by Japanese Bio-oriented Technology Research Advancement Institution (BRAIN). 


Physiological characteristics of heat-tolerant snap bean • eHaibushi* f 

Flower and pod abscission occur easily under high temperature conditions in snap bean. The Station has successfully developed a 
heat-tolerant cultivar • eHaibushi* f by screening more than 350 accessions of germplasm. • eHaibushi* f was able to produce more 
fertile pollen and higher yield under high temperatures than other existing cultivars. The cultivar keeps withdrawing and transpiring 
water under high temperature and intense light conditions, and this seems to be a main reason why it is able to exhibit an excellent 
performance. The cultivar also lowered water potential in floral organs under high temperature conditions more gradually than a 
heat-sensitive cultivar. The cultivar was registered in the National Catalogue of Agricultural Crops in 1998. 


Utilization of heat-tolerant germplasm for breeding programs 

Wild plant germplasm generally exhibits a wide range of genetic diversity including responses to various environmental stresses. We 
found that Southeast Asian wild adzuki bean Vigna minima could set pods and produce viable seeds under high temperature conditions 
and can hybridize with adzuki bean. We are now developing isogenic lines of heat-tolerant adzuki bean cultivar by recurrent 
backcrossing and selection, and plan to conduct comparative research on these isogenic lines. 

Heat-tolerant snap bean • eHaibushi* f 
,,'A K /, 1 j developed by the JIRCAS Okinawa 

II Subtropical Station. 

Function of small heat shock protein 

Plants usually produce small heat shock proteins (sHSPs) in response to heat stress. Mitochondrial (MT)- and endoplasmic reticulum 
(ER)-located sHSP genes have been successfully cloned from tomato, and it was observed that both genes worked specifically in 
stigmas under heat stress at the flowering period. In tomato flowers, MT-sHSP was produced more quickly at 40* Z treatment as 
compared with ER-sHSP. These sHSPs have a molecular chaperon function which can enhance the renaturation of chemically 
denatured citrate synthase in vitro. We have also successfully produced transgenic tobacco and tomato plants by introducing MT- and 
ER-sHSP genes, and found that the MT-sHSP transgenic tobacco plants enhanced heat tolerance during vegetative growth stage. We 
are now evaluating how MT-sHSP gene works during reproductive growth stage. 
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Transgenic tobacco lines introduced with 
MT-sHSP gene. 


Yoshinobu Egawa, Mariko Shono, Katsumi Suzuki, Tadashi Tsukaguchi, Kazutuka Sanmiya 
Okinawa Subtropical Station, JIRCAS 
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JIRGVS Research Highlight 


The First Report of a Sodium-Pump (Na + -ATPase) Gene in Plant 
Cells 


Salinity is a major abiotic stress in agriculture worldwide and more than 40% of irrigated lands are affected by 

salinity. Breeding of salt tolerant crops through genetic engineering is considered as one of the effective methods of solving 

salinity problems especially when land reclamation is very difficult. 


Recently, several genes have been proved to be crucial for salt tolerance in plants. We have conducted research to develop a 
salt tolerant plant by introducing a gene related to Na + -pump which can prevent the accumulation of sodium ions in the 
cytoplasm. However, Na + -pump has been identified only in animal cells so far, and it used to be considered that higher plant 
cells would not have Na + -pump. The marine algae Heterosigma akashiwo, which we have studied, usually live in brackish 
water and have a function of expelling sodium ions. Recently, we detected Na + -ATPase activity in the plasma membranes of 
algae (Figs. 1, 2). 


\si* 




Concentration of ATP (mM) 


Fig. 1. Na+-transporter model in the 
plasma membrane of Heterosigma 
akashiwo. 


Fig. 2. Na + -transporting activity in the 
plasma membrane of Heterosigma 
akashiwo. 


Moreover, we succeeded in the world* fs first cloning of cDNA of membrane-bound enzyme Na + -ATPase (HANA) from 
these algae. The full-length HANA cDNA was 4,467-bp long and coded for a 1,330-amino acid protein with a molecular 
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weight of 146,306. HANA is a member of P-type ATPases; it has 10 deduced transmembrane domains and conserved 
domains including phosphorylation sites and ATP binding sites. It showed 40% identity in amino acids with animal 
Na + /K + -ATPase a-subunits. A hydrophilic sequence with 285 amino acid residues existed between the 7 th and 8 th 
transmembrane domains. This sequence has not been found in animal cells. Studies on the sequence indicate that HANA has 
monomeric composition and does not have a b-subunit which animal Na + /K + -ATPases usually have. The amounts of cDNA 
and HANA did not vary when H. akashiwo cells were cultured for one week at various concentrations of NaCl solutions 
ranging from 0.3 to 0.5 M. 

The phylogenetic tree of a P-type ATPase family was established by using the neighbor-joining method in GrowTree 
Phylogram of Wisconsin GCG DNA sequence analysis software. Sequences of ATPases were obtained through the GenBank, 
EMBL, and SWISS-PROT databases. The tree consists of three major clusters, Ca 2+ -ATPases, H+-ATPases, and 
Na + /K+-ATPases, HANA is included in the 3 rd cluster (Fig. 3). Therefore, HANA is similar to Na + /K + -ATPases of 
invertebrates such as Artemia, Drosophila, and Hydra. It can be indicated that both HANA and yeast Na + -ATPases are 
Na + -pumps, but that the latter is classified in the cluster of Ca 2+ -ATPases. This difference indicates that the origin of 
Na + -transport system in alga is different from that in yeast. We are now trying to incorporate HANA cDNA into higher plants 
such as tobacco, and study how Na + -transporting activity works in these transgenic plants. 
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Fig. 3. Phylogenetic tree of P-type ATPases family. 


Mariko Shono 

Okinawa Subtropical Station, JIRCAS 
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JIRCAS Research Highlight 


Control of Microbial Contamination by Electrolyzed Water in Tofu 
Manufacturing 

Tofu is a popular processed food in Asia, and recently, it has become popular worldwide as a health food containing high 
contents of essential amino acids and isoflavone. Since the consumption of tofu is gradually increasing, it becomes very 
important to maintain hygienic conditions during its manufacture. Especially, the control of heat-resistant spore-forming 
bacteria, which are predominant on the surface of soybean, is an essential part of tofu manufacturing. This report describes 
the potential of electrolyzed water to control microbial conta mi nation in tofu manufacturing. 

Electrolyzed water 

Electrolyzed water can be produced by electrolyzing sodium chloride solution or dilute hydrochloric acid. Electrolyzed water 
is classified into 3 types: acidic electrolyzed water (germicidal, used for hygienic purposes), alkaline ionized water (having 
medical effects; drinking water), and alkaline electrolyzed water (lipid-detergent). Scientific evidences concerning 
electrolyzed water increased in the 1990s and some industrial applications were also developed. Nowadays, acidic 
electrolyzed water is used to sanitize food-processing equipment and fresh-cut vegetables in food industries. 



The electrolyzed water generator 
introduced in China Agricultural 
University. 


Utilization of electrolyzed water for soaking soybeans 

Microbial contamination could be effectively eliminated by using acidic electrolyzed water. We soaked soybean in 3 types of 
electrolyzed water: acidic electrolyzed water at pH 2.1, 1185 mV oxidation-reduction potential (ORP) and 100 ppm chloride, 
alkaline electrolyzed water at pH 11.7,-120 mV ORP, and a mixture (weak acidic electrolyzed water) of both waters at pH 
6.5, 891 mV ORP, and 50 ppm chloride. Microbial population of the water became negligible after only 30 min, of treatment 
in acidic electrolyzed water and 1 hour in the mixture, while physico-chemical characteristics of tofu and milk made from 
soybean thus treated were not changed at all. Electrolyzed water is however very unstable and should be prepared only at the 
time of use. Moreover, acidic and weak acidic electrolyzed water are easily inactivated when polluted by organic matter; 
therefore, it is necessary to always protect them from pollution and to preliminarily wash the manufacturing lines with 
electrolyzed water before use. In order to apply electrolyzed water in processing of other foods, similar analyses of the 
efficiency, stability, and reactivity (safety) of electrolyzed water in the presence of other organic materials are needed. 
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Changes in viable bacteria 
populations in soybeans soaked in 
electroyzed water. 


Effects of electrolyzed water on soybean, soybean milk, and tofu 



Alkaline EW* 

Acidic EW 

Weak acidic EW 

Sterilized water 

Water absorbency of 
soybeans (%) 

120.6 

112.6 

114.0 

116.1 

Solid content in soaked 
water (%) 

0.51 

0.47 

0.37 

0.32 

Yield of soybean milk 
(ml**) 

232.9 

230.6 

229.1 

227.4 

Solid content in soybean 
milk (%) 

10.85 

11.04 

10.60 

10.64 

Tofu gel strength (kPa) 

15.14 

15.90 

17.68 

17.78 


EW*: Electrolyzed water 

**ml: Yield of soybean milk extracted from 50 g of dry seed. 


Eizo Tatsumi 

Food Science & Technology Division, JIRCAS 
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JIRCVS Highlight 

A Differential System for Rice Blast Disease 

IRRI-Japan Collaborative Research Project has been implemented with financial assistance from the Japanese Ministry of 
Agriculture, Forestry and Fisheries (MAFF), and researchers from Japan International Research Center for Agricultural 
Sciences (JIRCAS) have continued joining the project since 1984. Phase IV of the project*ePhysio-genetic studies on yield 
determination and ecological adaptability for sustainable rice culture*!' was initiated in October 1999 and will continue until 
September 2004. 

Among our activities, I describe our major progresses in the genetic studies of rice blast resistance. 

Blast research now 

Blast caused by Pyricularia grisea Sacc. is one of the most serious diseases of rice (Oryza sativa L.) all over the world. In 
the lowland areas of tropical Asia, tungro virus and bacterial leaf blight are the most important, and blast used to be 
considered as the 3 rd most important. However, the introduction of new cultivars without blast resistance genes has caused an 
increased occurrence of this disease. Moreover, as rice production in upland and rainfed areas has become more important, 
blast has become a more serious problem. 

Japan has accumulated a lot of knowledge and technology on rice blast. However, the blast pathogen has a wider genetic 
variability in pathogenicity in tropical areas, and that requires more comprehensive research. Especially, a differential system 
of blast, which was developed in Japan, was not adaptable to blast isolated in the tropics, indicating that additional genes are 
associated with blast resistance. 

Since the prevention of pests and diseases using resistance genes is the most important method in developing countries where 
pesticides are not sufficiently available, the differential system of blast is a very important research area to accelerate the use 
of resistance genes in rice breeding programs and pest control. 

Approach of IRRI-Japan Project 

We have developed differential lines, which are useful tools in understanding the pathogenicity of blast isolates. The lines 
were developed as a result of continuous backcrosses between Japanese differential varieties as donors of resistance genes and 
three recipient cultivars Lijiangxintuanheigu (LTH), CO 39, and US 2 as recurrent parents as shown in the Table. Since 
Japonica type cultivars LTH and US 2 have no resistance gene and Indica type cultivar CO 39 has only one gene Pia, the 
pathogenicity of blast isolates can be easily determined using near isogenic lines (NILs) developed from these lines. 







Target 

resistance 

gene 

Genetic background *iincluding resistance gene*j 


Monogenic 
lines (-) 

LTH 

NILs (Lij iangxintuanheigu) 
(-) 

CO 39 

NILs 

(Pia) 

US 2 

NILs(Non) 

Pia 

BC1F15 

BC6L8, BC6L9 

- 

BC6L2 

Pib 

BC1F13 

BC6L8 

BC6L9 

BC6L2 

Pii 

BC1F15 


- 

BC4L1 

Pik 

BC1F14 

BC6L8 

BC6L9 

BC6L2 

Pik-h 

BC1F13 

BC6L8 

BC6L9 

BC6L2 
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Pik-m 

BC1F11 


BC6F9 

- 

Pik-p 

BC1F13 


BC6F9 

BC6F2 

Pik-s 

BC1F15 

BC6F8, BC6F9, BC6F5 

BC6F9 

BC6F2 

Pish 

BC1F13, 

BC1F15 


BC6F9 

BC4F1 

Pita 

BC2F13, 

BC3F13, 

BC6F8, BC6F10 

BC6F9 

BC6F2 


BC5F11 


Pita-2 

BC1F9, 

BC1F11 

BC6F6 

BC7F7, 

BC6F9 


Pit 

BC2F13 


- 


Piz 

BC1F15 

BC6F8 

BC6F9 


Piz-5 

BC3F13, 

BC5F11 

BC6F10 

BC6F9 


Piz-t 

BC1F15 

BC6F8, BC6F9 

BC7F7 

BC6F2 

Pil 

BC3F13 


BC6F9 

BC6F2 

Pi3 

BC2F13 

BC6F10 

- 


Pi5 

BC3F13 

BC6F10 

BC6F9 

BC6F2 

Pi7 

BC3F13 

BC6F10 

BC6F9 

BC6F2 

Pi8(t) 


BC6F6 

- 


Pi9 

BC3F13 

BC6F10 

- 

BC6F1 

Pill 

BC2F13 

BC5F7, BC6F10 

BC6F9 

BC6F2 

Pil 2 

BC2F13 


BC6F9 

BC5F1 

Pil 9 

BC1F15 


- 


Pi20 

BC1F11 

BC6F6 

BC7F7 



Four kinds of differential variety series, namely, monogenic lines, LTH NILs, CO 39 NILs, and US 2 NILs have been 
developed. A total of 24 monogenic lines were derived from backcrossing one to three times with LTH, and self-pollinating 
at Fj i to F 15 generations Morphological traits of LTH, LTH NIL, and a donor line are shown in Fig. 1. A total of 17 LTH 
NILs were developed at generations BCgFg to BCgF| 0 . LTH NILs still segregate in some morphological characteristics and 
will need further fixation processes. A total of 18 Indica-type CO 39 NILs were developed and attained relatively uniform 
traits. Although there still exist some morphological variations, these monogenic lines, LTH NILs, and CO 39 NILs could be 
used as differential varieties. Unfortunately, seed production using these lines is limited under tropical conditions, and a high 
yielding line such as US 2 is being developed. 
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Fig. 1. Monogenic lines and donor variety parents. 



A: LTH (long day condition: LDC), 

B: LTH (natural [short] day condition: SDC), 
C: Monogenic line, IRBL19-A (LDC), 

D: IRBL19-A (SDC), 

E: Donor variety, Aichiasahi (SDC) 


The differential varieties we developed have already been distributed to national institutes and colleges in China, India, Japan, 
Korea, the Philippines, Thailand, and Vietnam, and pathologists and plant breeders are working with them for blast isolate 
determination and breeding of resistant cultivars. 

Our research provides the possibility of a future global research network for a better understanding of blast disease and 
resistance genes and enhancing the development of a more concrete differential system and blast-resistance breeding program 
in related countries. 

Yoshimichi Fukuta 

International Rice Research Institute (IRRI) 
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Symposium 


9 th JIRCAS International Symposium 

• gValue-Addition to Agricultural Products* h 

-Towards increase of farmers* f income and vitalization of rural 

economy— 

Date: October 16 and 17,2002 
Venue: Epochal Tsukuba 
Organized by: JIRCAS 

Incooperation with: National Agricultural Research Organization 
National Food Research Institute 
Fisheries Research Agency 
P/tAction 

Food Forum Tsukuba 

Day 1 (Wednesday, October 16) 

Opening Session ( 9:30-10:00 ) 

Opening address and welcome remarks 
Keynote addresses ( 10:00-11:00 ) 

1. Status of postharvest development and the potential future contribution of value addition to rural economy 
(Geoffrey Mrema, FAO) 

2. Linking farmers to markets - P/zAction Initiative (Guy Poulter, Chair of P/zAction, NRI, UK) 

Session 1 (11:15-15:20 ) 

Current status of rural economy and measures for increasing farmers* f income and vitalization of rural economy 

1. China (Li Suoping, CAAS, China) 

2. The Philippines (Nerlita M. Manalili, SEARCA, The Philippines) 

3. Vietnam (Le Van To, Post-Harvest Technology Center, Vietnam) 

4. Indonesia (Made S. Mahendra, UNUD, Indonesia) 

5. South Asia (Andy Hall, CPHP, India) 

6. Latin America (Bernard Ospina, CLAYUCA, Colombia) 

7. Africa (Shaun Ferris, IITA, Uganda) 

Session 2 (15:35-17:55 ) 

System forensuring high quality and safety 

1. Codex standards and food safety (YukikoYamada, NFRI, Japan) 

2. Systems for ensuring production quality and safety for small rural agro-enterprises - the way forward (Linda 
Nicolaides, NRI, UK) 

3. Grain Quality-storage to market (Joseph Rickman, IRRI, The Philippines) 

4. Safety of feed and animal products (Andrew Speedy, FAO, Italy) 

5. Extension of fish pre-rigor state by enhancing mitochondrial ATP synthesis (Shugo Watabe, Univ.Tokyo, Japan) 
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Day 2 ( Thursday, October 17) 

Session 3 (9:00-12:30) 

Research on value-addition and novel utilization 

1. Application of value adding technologies in Thailand (Gassinee Trakoontivakom, IFRPD-KU, Thailand) 

2. Present status and problems of traditional fish products in Southeast Asia 
(Tan Sen Min, SEAFDEC, Singapore) 

3. Development of intermediate foodstuff from freshwater fish in China (Wang Xi Chang, SFU, China) 

4. Inventory of indigenous plants and minor crops in Thailand based on bioactivities (Kazuhiko Nakahara, JIRCAS, 
Japan) 

5. Functionalities of traditional foods in China (Fi Fite, CAU, China) 

6. Functionalities of foods and their utilization in Japan (Makoto Shimidzu, Univ.Tokyo, Japan) 

Poster Session (12:30-14:30) 

Session 4 (15:00-16:30 ) 

General Discussion 

1. What needs to be done to make postharvest research and development serve the needs of the poor farmers in their 
efforts to find markets for their products? (Chair: Geoffrey Mrema, FAO) 

2. Changing focus of postharvest research - from postharvest losses towards value- addition - re-evaluation of 
indigenous products and traditional foods (Chair: Toru Hayashi, JIRCAS) 

Closing Address ( 16:30-16:45 ) 

Secretariat: 

Yutaka Mori 

Development Research Coordinator 
Japan International Research Center 
for Agricultural Sciences (JIRCAS) 

1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, Japan 
Tel: +81-298-38-6343 Fax:+81-298-38-6342 
E-mail: svmpo9@ml.affrc.go.ip 

http ://www. jircas. affrc. go. ip/sympo/sympo9 .html 
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Topics 

The 21 st Annual Group Meeting on Agricultural Science and 
Technology Exchange between China and Japan at Kunshan, China 


The 21 st Annual Meeting on Agricultural Science and Technology Exchange between China and Japan was held at Kunshan, 
China, from June 3 to 5, 2002. Nine Japanese delegates led by Mr. Akihiko Ohmori, Senior Councilor for Technical Affairs 
from Ministry of Agriculture, Forestry and Fisheries, and 12 Chinese delegates led by Ms. Jin Sisheng, Deputy 
Director-General from Department of International Cooperation (DIC), Ministry of Agriculture discussed the results of the 
previous year* fs activities, future strategy and direction of agricultural research and technology development, and extension 
work in both countries. Dr. Y. Morooka, Vice-President of JIRCAS joined the Meeting and also attended the 7 th research 
coordinating meeting,which was held in order todiscuss substantial issues on the ongoing comprehensiveresearch project 
entitled • gDevelopment of Sustainable Production and Utilization of Major Food Resources.* h The coordinating meeting 
was chaired by Mr. Fiu Zhangwei, Acting Director of the Asia and Africa Division of DIC, and members from both countries 
agreed that the project has achieved satisfactory results. Moreover, they exchanged views on suitable topics and schedules for 
the next project to be prepared, and subjects such as an early prediction and warning system of weather hazards and dietary 
functions of Chinese traditional foods were suggested. Special emphasis was placed on strengthening the coordinating 
functions of institutions which were likely to join the upcoming project. The next annual meeting will be held in Tokyo next 
May. 



Masanori Inagaki 

Research Planning & Coordination Division, JIRCAS 


Visitors 

JIRCAS welcomed Dr. Joachim Voss, Director General of Centro Intemacional de Agricultura Tropical (CLAT) on April 25, 
Dr. Peter Hartmann, Director General of International Institute of Tropical Agriculture (IITA) on June 17, and Dr. Marc 
Cohen, Special Assistant to the Director General of International Food Policy Research Institute (IFPRI) on July 17. Our staff 
members have had very fruitful discussions with them. 
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PEOPLE 



Dr. Ryoichi Ikeda joined JIRCAS on June 1, 2002, asDirector of Biological Resources Division, succeeding Dr. Masa 
Iwanaga who left JIRCAS and now is Director-General of El Centro Intemacional de Mejoramiento de Maiz y Trigo 
(CIMMYT). Dr. Ikeda has been serving as a rice breeder and research director for 21 years in National Agriculture Research 
Center, Tohoku National Agricultural Experiment Station and Central Agricultural Experiment Station, all of which now 
belong in the competence of the newly established independent administrative institute of the government, National 
Agricultural Research Organization. He was also engaged in international research work as International Research 
Coordinator in JIRCAS from 2000 to 2001 and a plant breeder in International Rice Research Institute from 1988 to 1993. 
His new assignment in JIRCAS covers various crops and regions, and he wishes to make every effort to attain the goal of 
JIRCAS by amalgamating activities of fellow researchers within the division and accelerating collaborative research work 
with various national and international agricultural research centers. 
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Message from the JIRCAS Okinawa Subtropical 
Station 


Steps towards a new era 



Masaaki Suzuki 

Director, Okinawa Subtropical Station, JIRCAS 

The G-8 meeting was held in Okinawa at the dawn of the 21st century. For a brief moment, the world's 
eyes, and the nation's eyes were turned to this group of islands in the southwestern part of the Japanese 
archipelago that is known as the Ryukyu Islands. In the southernmost end of the Ryukyu Islands is a 
group known as Yaeyama Islands. One of these islands is Ishigaki, and this is where, 30 years ago, the 
Okinawa Subtropical Station of JIRCAS (formerly Tropical Agriculture Research Center (TARC)) was 
established. 

Ishigaki Island is only 230 km 2 in area, but it is a beautiful island surrounded by coral reefs and lying in 
the path of the Black Stream that brings warm water from the south to mainland Japan. The climate is 
humid subtropical with an average temperature of 24 and an annual precipitation of 2,100 mm. 

The organization of the Station consists of the International Collaboration Research Section, and the 
Laboratories of Crop Introduction and Cultivation, Crop Breeding and Rapid Generation Advance, 
Tropical Fmit Tree, Plant Protection, and Soil Fertility. The staff consists of 24 researchers and 14 
members in the administration and field management sections. In addition, ten outstanding scientists are 
invited each year from developing countries under the "JIRCAS Visiting Research Fellowship Program 
at Okinawa." They work closely with each other to develop technology on optimum utilization of 
bio-resources and the promotion of sustainable agricultural production in the tropics and subtropics. 

JIRCAS will be reorganized as an agency in April, 2001. Our Station is fortunately blessed at present 
with several important factors for conducting research. First is the high ability of the young staff 
including the highly qualified researchers from abroad. Second is the ideal environmental factors that 
come naturally with the location of this island. The third one is the existence of good facilities such as 
buildings and fields and modern laboratory equipment as well. Last, but the most important factor, is the 
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availability of sufficient funds. I do hope that these conditions will prevail even after the reorganization. 

We successfully implemented many important projects in the past 30 years and contributed to the 
development of agricultural technologies in the tropics and subtropics. For example, the low input 
hydroponics system, a new device for crop cultivation was developed at this Station. The system was 
applied to the efficient production of sugarcane seedlings, and has contributed to a large extent to the 
development of mechanization in sugarcane production in Okinawa. A procedure was developed here for 
successful cryopreservation of shoot meristems of taro cultured in vitro. A heat-tolerant variety of 
winged bean "Urizun" and a heat-tolerant variety of snap bean "Haibushi" were released in 1986 and in 
1995, respectively from this Station. In another research project conducted here, it was revealed that soil 
loss from pineapple fields could be prevented by planting weeping lovegrass at the lower edge of the 
slope. 

Next year, our projects will be much more oriented to sustainable agricultural production in small 
tropical and subtropical islands in order to contribute to the agricultural development of these islands. 
One of our major projects will be a study on the evaluation of the factors causing unstable crop 
production under tropical and subtropical conditions in connection with meteorological and soil 
conditions, and studies on the methods of control. How to minimize the use of water and fertilizers will 
be important issues in the project from the viewpoint of stable production and environmental protection. 

The development of crops resistant to environmental stresses such as heat and salt will be another 
important field of study. The demand for crop production under unfavorable conditions seems to increase 
due to the increase in the population of the developing countries. The project is implemented not only by 
the use of traditional breeding methods, but also by using biotechnology in combination with 
physiological analyses. 

Citrus greening disease occurs widely in Thailand, Vietnam, Taiwan and also in Okinawa. The disease 
brings serious damage to citrus production and is very difficult to control. The Asian citrus Psylla is 
known as the vector insect and a kind of wasp is known to be its natural enemy. However, the wasp can 
not be utilized to control the Asian citrus Psylla, because the wasp is also known to have another wasp as 
its natural enemy. These complex ecosystems must be clarified one by one to develop the technology for 
controlling citrus greening disease. 

Tropical fruits such as papaya and mango will be studied to enhance the quality, in terms of color, flavor 
and taste, etc., because fruit trees are very important in tropical countries for improving farmer's 
livelihood and for soil conservation. 

Last, but not the least, the rapid generation advance of hybrid populations of rice and wheat, and the 
breeding of sugarcane using biotechnological methods, taking advantage of the subtropical conditions of 
Ishigaki Island, are also important projects to be continued further. 

Close cooperation among the researchers, the effective utilization of the facilities of the Station in the 
unique environment provided by Ishigaki Island will hopefully lead to the solution of many of these 
problems. 
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JIRCAS Okinawa Fellow carrying out studies on heat 
tolerance of tomatoes 
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Development of Low-Input Technology for Reducing 
Postharvest Losses of Staples in Southeast Asia 


Akinori Noguchi 

Director, Crop Production and Postharvest Technology Division, JIRCAS 

The first collaborative research project for the reduction of postharvest losses was launched on 
September 18, 2000 by the signature of a Memorandum of Understanding (MOU) among the Department 
of Agriculture (DOA), Institute of Food Research and Product Development (IFRPD)uKasetsart 
University, School of Energy and Materials (SEM)uKing Mongkut's University of Technology Thonburi 
(KMUTT), the Royal Thai Government and JIRCAS. This project is titled: "Development of low-input 
technology for reducing postharvest losses of staples in Southeast Asia" and will be continued for five 
years from 2000. 

The increase in the world population and limited cultivated area emphasize the issue of food security as 
one of the global problems facing humans worldwide. While the production of food resources should 
increase, special attention must be paid to the reduction of postharvest losses in developing regions 
through the development of low-input and appropriate technologies. 

Due to the fact that the climate in the Southeast Asian countries is typically hot and humid, postharvest 
losses have been estimated at about 30%, caused mainly by improper drying techniques and insect 
infestation during crop storage. 

It was recognized that the widely used fumigant in the world, methyl bromide, is characterized by 
ecocidal and environmental disruption and contributes to the depletion of the ozone layer. Therefore, it 
will be strictly banned from use by 2015. On the other hand, an alternative pesticide, phosphine, induces 
tolerance and shows a marginal insecticide activity. As a result, developing countries have attempted to 
develop proper technologies for reducing postharvest losses. 

Far too often the problem of feeding the world hungry is conceived in terms of producing a sufficient 
amount of food. Equally pressing problems related to preservation and distribution issues that affect food 
products between harvest and consumption, are frequently neglected. 

While agriculture is obviously affected by the surrounding environmental conditions, there are many 
constraints on the rapid increase of food production. Therefore, it is very important to develop techniques 
for reducing postharvest losses as well as improving the quality and nutritional value of agricultural 
produce, prior to consumption. 

The following technologies can be selected as appropriate solutions for common issues of postharvest 
losses in developing regions; drying and maintenance of freshness of products from harvest through 
transportation to storage. Safety assessment, product selection prior to processing and improvement and 
development of processing to meet the cultural food traditions should also be considered. The former two 
fields correspond to preventive technology for postharvest losses and the latter corresponds to technology 
for quality evaluation. 

While harmonized development of these technologies is required to achieve a stable food supply and 
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improve farmer's income, the infrastructure and laws relevant to food and other agricultural products 
have not been updated to meet new challenges in developing regions. Therefore, we must adapt selected 
technologies to the conditions in developing regions, keeping in mind how agricultural productivity can 
be enhanced through incentives to the farmers. 

In this project, the objectives are to develop low-input drying technology using natural energy sources 
such as sunlight, husks and straw. Preservation technology will employ natural enemies and products 
such as neem and pheromones. Achievement of effectiveness and development of lower-cost technology 
systems for the reduction of postharvest losses at the farmer level or in small-scale farming, are other 
objectives of the present project. 

The scope of the studies can be summarized as follows; 1) Survey of postharvest losses of staple crops 
such as rice and maize and identification of causes of quality deterioration, 2) Analysis of the dynamic 
status of major stored products insects and the mechanisms of damage and possible alleviation, 3) 
Development of low-input drying technology and biological control of stored products insects using 
natural enemies and products, 4) Development of environment-safe technologies for reducing postharvest 
losses of staples. 



Signature of Memorandum of Understanding at the DOA office 
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Development of a Cable Logging System for 
Low-Impact Timber Harvest in Tropical Natural 
Forests 


Shozo Sasaki 

Forestry Division, JIRCAS 

Because of its high productivity and versatility, the ground skidding system has been commonly used for timber 
harvest in tropical natural forests. However, since the heavy crawler tractors used in the operations can easily 
damage residual trees and the forest floor, it is difficult to achieve sustainable forest management with this 
harvesting system. This is especially true in the operations in hilly areas, where current logging activities are 
increasing. It is necessary for tropical forest management to develop low-impact, socially and economically 
acceptable logging techniques that can be used in the steep, rugged and fragile forest environment. 

Cable logging system has an advantage over the ground skidding system in that it is not necessary to bring heavy 
machinery into forest stands. However, because a few heavy logs are scattered in a broad forest area, the cable 
system may not be suitable in terms of cost and benefit. Therefore, we are developing a new cable logging system 
that is suitable for selective cutting in tropical natural forests in many aspects. 

The cable system is a combination of standing skyline system and running skyline system. For quick installation, 
operations and dismantling, we selected a wire rope 20-mm in diameter for the skyline, which is rather smaller for 
heavy logs in tropical natural forests. To ensure safety with the smaller skyline, the cable is installed very loosely, 
with a maximum mid-span deflection (sag) value of 0.1. The cable tension and sag values can be controlled 
according to the log weight. Fig. 1 shows the results of some examinations in trial operations. For light logs less 
than 2 t in weight, with a sag value of 0.04, we observed that the cable system could totally lift up the logs all the 
way in the span. With the 0.08 sag setting, heavy logs up to 5 t could be totally lifted in the middle of the skyline 
over a stream buffer zone. On a slope, logs could be extracted by dragging with one side lifted up. The calculated 
and measured maximum cable tension values were 7,500 and 7,000 kgf, respectively, which is compatible with the 
skyline safety factor. Based on logging impact data, the ratio of disturbed area in the cable system is much smaller 
(1/10) than that of the ground system. 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.26/04Sasaki.htm (1 of 3) [10/7/2002 8:45:57 PM] 




04Sasaki 



Our target specification of the system is as follows: 61 carrying load, 500 m working span, and 50 m lateral 
working range. We are currently conducting several trials in a 30 ha research plot in a hill forest in Peninsular 
Malaysia. Eight cable corridors are selected based on cable installation conditions, maximum accessibility to cutting 
trees, and minimal road construction. We plan to further improve the system, techniques, ground preparation work 
and operational procedures for efficient and lower-impact harvest. 
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A trial operation of the cable logging system 
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Characterization of Vegetation Status in the 
Sub-Saharan Region Using Remote Sensing 


Satoshi Uchida 

Environmental Resources Division, JIRCAS 

In the southern part of the Sahara desert, there are vast areas under semi-arid climatic conditions that 
form a belt zone. These areas are prone to a decline of the soil productivity and to desertification. 
Although monitoring of nutrient conditions over a long period of time would be required to estimate the 
soil productivity, this method can not cover areas out of experimental stations. Alternative method to 
estimate the soil productivity within a spatially wide range is to examine the vegetation status in relation 
to the soil productivity. Remote sensing is a suitable method for identifying the vegetation density at 
every pixel within the coverage of an observed scene and for monitoring the temporal changes. In this 
study, low spatial resolution (1 km) satellite data were used to characterize the vegetation status in 
association with physical environmental factors and high spatial resolution (20 m) satellite data were 
used to discriminate agricultural land use around the study site. 

Normalized Difference Vegetation Index (NDVI) calculated by the combination of near infrared spectral 
band data and visible red spectral band data can be used to estimate the vegetation status. Fig. 1 shows 
the changes in the 1 km mesh 10-day composite NDVI derived from NOAA/AVHRR data during the 
period from October 1992 to September 1993, where 10-day composite denotes the maximum value 
recorded during 10 days in order to remove the effects associated with cloud cover. Each item in this 
figure represents averaged NDVI over land unit, which was defined by overlying soil (Regosols) and 
annual rainfall maps in Burkina Faso. 
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Annual rainfall 



Time (October 1992 to September 1993) 


Fig. 1. Temporal changes of 10-day composite NDVI for unit areas depending 

on annual rainfall ranges. Areas are located on the same soil type, 
Regosols, in Burkina Faso. 


As the rainy season started in June, NDVI began to increase from the unit with the largest amount of 
annual rainfall to the unit with a smaller amount. The difference in the level of maximum NDVI was 
mainly caused by the proportional existence of vegetation components and not by the difference in the 
status of the vegetation. The Figure indicates that the landscape in the rainy season in the area with more 
than 700 mm annual rainfall was distinctively different from that in the area with less than 500 mm. In 
other words, annual rainfall in the range from 500 to 700 mm was identified as the critical level to 
maintain the vegetation reproductivity. 

Spatially detailed information on actual land use was analyzed by using SPOT/HRV data with a spatial 
resolution of 20 m. Annual rainfall at the study site, Kolbila village, is about 700 mm. In terms of land 
use, millet was generally cultivated in the surroundings of house clusters while wide fallow areas could 
also be observed. In this study, the author attempted to discriminate cropped area and fallow from other 
land use types by applying the decision tree method for multi-temporal NDVI obtained from SPOT/HRV 
data. This method is based on the difference in the characteristics of the vegetation coverage depending 
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on the land use types; i.e., both cropped area and fallow showed relatively low NDVI values compared 
with forest or bush during the post-rainy season and the cropped area showed a distinctively high NDVI 
value during the crop growing period. 

Fig. 2 displays the estimated land use in 1992 and 1993 over the Kolbila village, in the center of the 
image, and its surroundings. Cropped area in the southeastern part was located around the river course, 
where the conditions of cultivation were considered to be more suitable in terms of soil moisture level 
than in the Kolbila village. This figure characterizes the variation of the cropped area in the Kolbila 
village as follows; 1) about half of the cropped area in 1992 was cropped subsequently in 1993, 2) 
continuously cropped area occurred mostly in the range within a distance of about 500 m from the center 
of the village. 

Fallow shown in Fig. 2 could include the deforested area. According to the estimated land use for the 
extensive area around the Kolbila village, fallow appeared widely mixed with bare land. These land use 
features should be examined in relation to the location conditions, e.g., topography, accessibility to road 
or river, for the purpose of analyzing the changes in the soil productivity. 


□ Cropped in 199241983 
■ Cropped in 1993 
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Fig. 2. Distribution of cropped area in Kolbila village and its surroundings in 

1992 and 1993 estimated by using multi-temporal NDVI of 
SPOT/HRV data. 
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Characteristics of Rainfall Kinetic Energy and 
Raindrop Size Distribution on Ishigaki in the 
Subtropical Zone of Japan 


Kenji Banzai 

Okinawa Subtropical Station, JIRCAS 

It has been recently observed that a large amount of red soils flows out from the rivers to the seacoast in 
the southwestern islands of Japan, particularly Okinawa. This phenomenon exerts a considerable effect 
on the natural ecosystems and endangers the coral reefs and seaweed habitat in this subtropical area. 

High rainfall intensity and large raindrop size have been known to contribute to this severe soil erosion. 
Using current rainfall energy equations, energy values can be calculated to predict soil loss which in turn 
can be very useful in formulating remedial measures. However, the distribution of the actual rainfall 
energy values is often wide and the characteristics of the rainfall energy in each zone have not been 
elucidated. 

The filter paper method in which a filter paper with eosin powder is exposed to rain for several seconds 
to measure the raindrop diameter is not practical and prevents rapid and accurate determinations. 

To gain a basic understanding of rainfall energy values, we examined the characteristics of the rainfall 
energy and raindrop size distribution in the subtropical area using a disdrometer. The device transforms 
the vertical momentum of the raindrop impact into an electric pulse, whose amplitude is a factor in the 
function of the drop diameter. Rainfall energy values were calculated from the observations obtained 
with the device, which enables to measure the raindrop size distribution continuously and automatically. 
The device however can not measure raindrops below 0.3 mm, hence rainfall energy values may show an 
error of about 2.48%. 
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Fig. 1. Relationship between rainfall intensity and energy. 


Measured kinetic energy vs. rainfall intensity data revealed a wide distribution between the upper limit 
equation of Wischmeier and the lower limit equation of Mihara (Fig. 1). Kinetic energy above the 
Wischmeier equation which was also observed below 30 mm/h rainfall corresponded to the excess zone. 
On Ishigaki, there were large-sized raindrops at a rainfall intensity below 30 mm/h. The distribution of 
the raindrop size on the points shown in Fig. 1, was wide, ranging from 1-5 mm in diameter compared 
with the data recorded in Tsukuba where the raindrop size was mainly in the range of 1-2 mm (Fig. 2). 

This study highlights the higher rainfall kinetic energy and larger raindrop size observed in the 
subtropical area compared with the temperate area. Rainfall energy values derived from disdrometer 
measurements can also be used effectively for the calculation of the rain coefficient in the USLE 
equation, estimation of the amount of splash erosion and elucidation of the processes involved in soil 
crust formation. 
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Fig. 2. Properties of raindrop diameter distribution. 


NEXT CONTENTS 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.26/06Banzai.htm (3 of 3) [10/7/2002 8:46:04 PM] 









































07Workshop 


Annual Workshop on ’Mekong II Project' Held in 
Cantho, Vietnam 


The comprehensive project entitled "Development of new technologies and their practice for sustainable farming systems in the Mekong Delta 
(Mekong II)" has been implemented since last year, 1999, after a high degree of success was achieved in the phase I project entitled "Evaluation 
and improvement of farming systems combining agriculture, animal husbandry and fisheries in the Mekong Delta." The Mekong II project 
focuses on the production of commodities through the material circulation of by-products and/or wastes generated in the VACR farming systems. 
VACR is a Vietnamese acronym standing for fruits and vegetables, aquaculture, livestock and rice. For this purpose, the studies have been carried 
out in collaboration with Cantho University (CTU) and Cuu Long Delta Rice Research Institute (CLRRI) since 1999, respectively, and with the 
Southern Fruit Research Institute (SOFRI) since 2000. 

The annual workshop on the comprehensive Mekong II' project was held at the Mekong Delta Farming Systems Research and Development 
Institute (MDFSRDI), CTU, Cantho, Vietnam during the period of November 14-17, 2000. The main purpose of the workshop was to review the 
results and to examine the future research direction of the project. 

There were more than 80 participants from Vietnamese organizations, including local authorities such as agricultural extension departments and 
Tan Phu Thanh village representatives (the research site for the on-farm trial of the project), as well as CTU and CLRRI, in addition to 12 
Japanese participants. 

After the greeting address delivered by Prof. Dr. Le Quang Minh, Vice Rector of CTU, followed by the opening addresses given by Prof. Dr. 
Vo-Tong Xuan, Director of MDFSRDI, and by Dr. Osamu Ito, Director of Environmental Resources Division, JIRCAS, 52 reports were 
presented in 9 sessions during the first three days. In Session A, an outline of the on-farm trial site of the project was introduced. Technical report 
on rice cultivation was presented in Session B. In Session C, integrated pest management in rice cultivation was reported, and topics on upland 
crops such as soybean with rice cultivation and on drying technologies were discussed in Sessions D and E, respectively. After the discussion on 
fruit production in Session F, the results of pig production were presented in Session G. In Session H, 12 reports were presented on aquaculture 
production including fish and freshwater prawn. After Session I which covered the development and evaluation of farming systems, future 
direction and development for closer collaboration for the studies were discussed comprehensively in Session J. On the last day, November 17, a 
field trip to Tan Phu Thanh village was organized for all the participants. The workshop was successful due to the strong commitment of the 
experienced staff of the MDFSRDI, CTU. The Proceedings of the Workshop were published by JIRCAS. 

Participants exchanged views on the progress of the project and confirmed the importance of such studies. During the workshop, it was eventually 
concluded that the development of sustainable farming systems which combine rice cultivation, fruit production, animal husbandry and 
aquaculture is definitely important, and may enable the organizations involved in the project to devise new strategies for developing techniques 
for the improvement of farming systems in the Mekong Delta. The next annual workshop for the project will be held at CLRRI in late October, 
2001. (Testushi Hidaka) 



Farmer house (left) and a farming system with the use of soil mounds for fruit tree cultivation in paddy fields (right) in the Makong 

Delta 
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Dr. Takahiro Inoue, a soil scientist, was appointed Director General of 
JIRCAS on January 6, 2001 after the retirement of Dr. Nobuyoshi Maeno. 
Dr. Maeno who had been assigned to CIAT from 1977 to 1981 as a TARC 
(predecessor of JIRCAS) member, eventually joined JIRCAS in August 
1994 as Director of the Research Planning and Coordination Division and 
became Director General of JIRCAS in August 1996. Dr. Inoue had briefly 
assumed the position of Director of JIRCAS* Research Planning and 
Coordination Division from April 1, 1998 until August 31, 1998. He then 
joined Tohoku National Agricultural Experiment Station where he became 
Director General on April 1, 1999. As a TARC member, he had the 
opportunity to carry out "Studies on the Increase of Productivity of Upland 
Soils in Thailand" in collaboration with the researchers of the Department of 
Agriculture of Thailand from 1980 to 1984. 
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JIRCAS Fellowship Program: Welcoming New Visiting Researchers 


Eighteen Visiting Researchers are participating in the JIRCAS 2001 Visiting Research Fellowship Program to carry out 
collaborative research at Tsukuba and Okinawa. 


Tsukuba: Long-term (2 years at JIRCAS HQ.) 

Donghe Xu 

Tianjin Agricultural Academy of Sciences, 

P. R. China 

Mapping of resistance genes to fusarium head blight (FBH) in 
wheat 

Nguyen Van 

Dong 

Agricultural Genetics Institute, Vietnam 

Fine-mapping of tms-4(t) and marker-aided selection for 
thermosensitive genetic male sterility in rice 

Nguyen Thi Thu 
Huong 

Institute of Chemical Technology, Vietnam 

Quality analysis and evaluation of food resources for better use 

Subbarao V. 
Guntur 

International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT), India 

Physiological studies on nitrification inhibition and nitrogen 
absorption in Brachiaria humidicola 

Tsukuba: Short-term (5 months at National Institute of Agrobiological Resources) 

Zhenbo Tan 

Beijing Academy of Agricultural and 

Forestry Sciences, P. R. China 

Isolation of cDNAs clones encoding proteins that regulate 
freezing of cold-hardy plant tissues 

Shahid Masood 

Plant Genetic Resources Institute, Pakistan 

Molecular evaluation of rice varieties collected from Pakistan 

Chongjian Hong 

China Agricultural University, P. R. China 

Induction of high quality mutants and analysis of the mutation 
mechanism in sweet potato 

Wong 

Boonsuebsakul 

Kasetsart University, Thailand 

Establishment of rapid and reliable method for the diagnosis of 
bacterial wilt disease of curma, ginger and other economic crops 
in Solanaceae plants by immunological and molecular techniques 

Okinawa: Long-term (1 year at JIRCAS Subtropical Station) 

MD. Khalilur 
Rahman 

University of Dhaka, Bangladesh 

Subsurface drip irrigation of some vegetable crops 

Le Van Hoa 

Can Tho University, Vietnam 

Physiological and biochemical studies on aluminum-resistant 
pineapple 

Md Abudul Awal 
Howlader 

Bangladesh Agricultural Research Institute, 
Bangladesh 

Molecular mechanism of biosynthesis and metabolism of 
metabolites related to heat tolerance of crops 

Jalal Ud din 

Land Resources Research Institute, 

Pakistan 

Physiological, biochemical and molecular basis of heat tolerance 
in transgenic tomato (MT-sHSP) at the reproductive growth stage 

Vijay K. Yadav 

Rajasthan Agricultural University, India 

Cloning of salinity gene(s) in E. coli and characterization 

Arifin N. 

Sugiharto 

University of Brawijaya, Indonesia 

Cloning of useful genes and transformation in sugarcane 

Lawrence M. 
Aboagye 

Plant Genetic Resources Center, Ghana 

Characterization and evaluation of factors for early growth in 
sugarcane 
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JIRCAS Fellowship 


Xiaochuan Liu 

China National Rice Research Institute, P. 

R. China 

Comparison of salt-tolerance QTLs in different RI populations of 
rice (Oryza sativa L.) 

Yunxia Liu 

Institute of Biological Control, P. R. China 

Development of regeneration system of sweet potato for utilizing 
anthocyanin transcriptional activator genes 

Jiang Ling 

Huazhong Agricultural Institute, P. R. 

China 

Development of genetic transformation technique in papaya plant 
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Feature Article 


Message from the President of JIRCAS 


"New JIRCAS" - Structural Reorganization - 


Within the framework of the administrative reform 
enacted by the Japanese Government for the 
reorganization of government-affiliated research 
organizations, on April 1, 2001, Japan International 
Research Center for Agricultural Sciences (JIRCAS) 
became an Independent Administrative Institution (a 
semi-autonomous agency) under the supervision of 
the Ministry of Agriculture, Forestry and Fisheries of 
Japan (MAFF). President: Takahiro Inoue 

The introduction of the new system of Independent Administrative Institutions (IAI) is at the core of the 
administrative reform. This system has been introduced to enhance the effectiveness, quality and 
transparency of technological development by separating the administration functions into an 
implementing function and a planning and drafting function, by transferring the implementing function of 
the national research institutions to the IAI, each of which has its own independent judicial status. 
Therefore, under the new system, JIRCAS should implement not only autonomous and flexible programs, 
but also commit itself to a strict ex post facto evaluation and review of its performance, and disclosure of 
various issues. 

In many developing countries, although the demand for food is increasing due to population increase and 
the improvement of the dietary habits, agricultural production remains at a low and unstable level. As a 
result, hunger and poverty are still important problems. Moreover, concern about the deterioration of the 
global environment has generated the need for sustainable development of agriculture, forestry, and 
fisheries, in harmony with the natural ecosystems. The mandate given to JIRCAS by the Japanese 
Government does not change fundamentally from the previous one in which JIRCAS was entrusted with 
the mission of promoting sustainable development of agriculture, forestry and fisheries compatible with 
the preservation of the environment in developing regions of the world through the implementation of 
integrated collaborative research programs. 

The most distinctive feature of the new IAI is the semi-autonomy with limited prior control from outside 
and the ex post facto evaluation by which the IAI itself strictly evaluates its own performance to apply the 
results of the evaluation for subsequent activities. In the new system, MAFF defines JIRCAS mid-term 
objectives, which "New JIRCAS" should achieve during a five-year period. The mid-term objectives 
include issues related to the enhancement of the efficiency of the research activities, improvement of the 
quality of the research programs and of financial performance. Based on the mid-term objectives, the IAI 
drafts a mid-term plan to achieve these objectives autonomously. 

The performance of the research activities evaluated by the IAI itself will be periodically evaluated 
additionally by the IAI Evaluation Committee established in MAFF which is composed of experts who do 
not belong to the public sector. Each fiscal year, the IAI Evaluation Committee will investigate and 
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analyze the achievements of the mid-term objectives during the given fiscal year. The results of the 
evaluation will be subjected to structural modifications in terms of operational and financing systems for 
the next fiscal year. 

Since the research activities need to be fully executed, the Government will allocate, within budgetary 
limitation, most or all of the financial resources required to carry out the defined objectives. Moreover, 
JIRCAS should make utmost efforts to receive financial support from either any other governmental 
offices or the private sector, etc. to fulfill the mid-term objectives. 

Role and Research Strategy 

Since the role of JIRCAS is to promote the development of agriculture, forestry and fisheries in 
developing regions of the world through integrated collaborative research programs, the priorities 
identified by "New JIRCAS" for the research strategies are as follows: 1) Development of production and 
utilization systems for sustainable agriculture, forestry and fisheries in harmony with the environment by 
carrying out research on the development of stress-tolerant crops, technologies for preserving arable land 
environments, new farming systems for ensuring profitability for the producers and technologies for 
efficient postharvest management and utilization, and 2) Rehabilitation, maintenance, improvement and 
utilization of the natural environmental resources, with emphasis placed on tropical forest and coastal 
ecosystems. 

In order to complete the mid-term objectives within the above research strategy, "New JIRCAS" carries 
out its main activities through the implementation of 1) International collaborative research programs in 
developing regions by sending researchers on a long-and short-term basis, 2) Collaborative research with 
researchers invited from developing regions, 3) Research in Japan to further enhance international 
collaboration, 4) Accumulation and analysis of research information for supporting the collaborative work, 
5) Organization of international symposia, workshops and seminars, 6) Technical assistance for food and 
environmental issues, 7) Advice to national organizations involved in overseas development assistance as 
a think tank function. 

In conclusion, the reorganization of JIRCAS into an IAI should enable JIRCAS to gain more flexibility in 
the implementation of its research programs, in the hiring procedures since it will be possible to recruit 
researchers from universities or institutes which do not belong exclusively to the public sector and in 
financial aspects since funds could be obtained from both the public and private sectors. At the same time, 
the strict evaluation of the performance of the Center may contribute to the enhancement of the quality of 
the research programs and to a more efficient utilization of the financial resources to further promote 
collaborative activities compatible with the needs of the developing regions. 
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JIRCA5 Re search Highlight 

Biological Functions of Praline in Osmotolerance Revealed in Antisense 
Transgenic Plants 


Proline (Pro) is a major organic molecule that accumulates in many plants exposed to environmental 
stresses such as drought, high salinity, high temperature, freezing, UV radiation, and heavy metals. Under 
stressed conditions, Pro has been considered to play an adaptive role in mediating osmotic adjustment and 
protecting the subcellular structure. In particular, many studies in plants have focused on the roles of Pro 
in defense mechanisms against impairments caused by osmotic stress. Some reports have indicated a 
positive correlation between the accumulation of Pro and stress tolerance in plants. However, in other 
reports, it was suggested that the increase in the free Pro level merely resulted from stress. Thus the roles 
of Pro in osmotolerance in plants still remain controversial, and there have been few practical 
demonstrations of the function and the mechanism of action of Pro throughout plant growth. 

In higher plants, Pro is synthesized via both the glutamic acid (Glu) and ornithine (Om) pathways. The 
former is considered to be a major pathway, especially under osmotic stress. In the Glu pathway (Fig. 1), 
Pro is synthesized from Glu via 2 intermediates, glutamic-/A-semialdehyde (GSA) and 
/0 1 -pyn- 0 ii ne _5_ car b 0X ylate (P5C). Two enzymes catalyze this pathway, P5C synthetase (P5CS) in the 
first step and P5C reductase (P5CR) in the final step. Genes encoding P5CS and P5CR have been isolated 
from various plants, and their expression and the functions of their products have been characterized. As a 
result, it has been shown that P5CS is the rate-limiting enzyme in Pro biosynthesis in higher plants. On 
the other hand, Pro is metabolized to Glu via P5C and GSA. Two enzymes catalyze this pathway, proline 
dehydrogenase (ProDH) in the first step and P5C dehydrogenase (P5CDH) in the final step. 

P5CS 

CHj_CH, -*. 

I ! 

COOH CH - 

n ^\oohP5CDH 

L-Glutamic acid GSA P5C L-Proline 

Fig. 1. Metabolic pathway of Pro in plants (the Glu pathway). GSA, glutamic-/A-semialdehyde; 
P5C,/0 1 -pyrroline-5-carboxylate; P5CS, P5C synthetase; P5CR, P5C reductase; ProDH, proline 
dehydrogenase; P5CDH, P5C dehydrogenase. 
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Arabidopsis accumulates Pro in response to osmotic stresses due to drought, high salinity, and chilling. 
Stress-induced Pro accumulation in Arabidopsis is caused by the activation of Pro biosynthesis, and by 
the inactivation of Pro degradation. The elevated expression of an AtP5CS gene encoding the P5CS 
protein in Arabidopsis precedes the accumulation of Pro in response to these stresses. In contrast, the 
expression of the AtProDH gene is repressed during the stress conditions. Gene expression of AtP5CS and 
AtProDH corresponds well to Pro accumulation, suggesting that metabolic regulation is essential for the 
control of endogenous Pro level. 

To investigate the function of Pro biosynthesis and degradation in the accumulation of Pro and to further 
elucidate the roles of Pro in growth and stress tolerance in plants, we generated antisense transgenic 
Arabidopsis plants with an AtP5CS and an AtProDH cDNA, respectively. The AtP5CS antisense 
transgenic plants exhibited morphological changes and were susceptible to osmotic stress. Mutated 
phenotypes in both morphology and osmotolerance were suppressed by the application of exogenous 
L-Pro but not by that of D-Pro, suggesting that Pro plays other roles in addition to being a compatible 
osmolyte in terms of osmotolerance in plants. We further investigated the specific effect of Pro deficiency 
on protein biosynthesis in the AtP5CS antisense transgenic plants. We observed a significant reduction in 
the Pro and hydroxyproline (Hyp) contents in hydrolysates of a purified cell wall fraction but not in the 
Pro content of hydrolysates of soluble proteins in transgenic leaves. These results show that Pro 
deficiency specifically leads to a defect in biosynthesis of the cell wall structural proteins in the transgenic 
plants. That is, Pro may act as a major constituent of structural proteins of cell walls in osmotolerance as 
well as morphogenesis of plants. 

On the other hand, the AtProDH antisense transgenic plants showed an enhanced accumulation of Pro, 
providing evidence for a pivotal role of ProDH in Pro degradation. These transgenic plants were tolerant 
to freezing and high salinity, indicating the efficiency of suppressing Pro degradation in Pro 
accumulation, and the contribution of Pro to stress tolerance in higher plants (Fig. 2). 



Fig. 2. Salinity tolerance of the AtProDH antisense transgenic plants. Phenotype of plants 
exposed to salinity stress for 0.5 h. Plants used for the analysis were wild-type (WT) and 
anti-AtProDH-12 transgenic plants. 

In our study, we not only confirmed the key roles of two enzymes, P5CS and ProDH, in the regulation of 
Pro accumulation, but also revealed a positive correlation between Pro and osmotolerance in higher plants 
using transgenic technologies. Moreover, we identified a new function of Pro in growth and 
osmotolerance in plants. 

Kazuko Yamaguchi-Shinozaki 
Biological Resources Division, JIRCAS 
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JIRCA5 Research Highlight 

Utilization of Fdnk um maximum in Agropastoral Systems 
in the Brazilian Savannas 

Since the 1970s, Brachiaria spp. of African origin, such 
as B. decumbens and B. brizantha have been rapidly 
introduced into the Brazilian savannas. However, 
extensive pasture utilization without fertilizer application 
has led to the degradation of more than 50% of the 
pastures into which the grasses had been introduced. 

Recently, the adoption of agropastoral systems 
(sustainable crop-pasture rotation systems) has been 
considered to be an alternative for pasture renovation in 
the savanna regions. The major improvement in 
agropastoral systems for forage production is the residual 
effect of fertilizer applied to the preceding crops. 

Moreover, it is also expected that the residual effect of 
fertilizer applied to annual crops will enable to utilize 
high quality forage species even in the savanna soils with 
a low fertility. Panicum maximum is a promising forage 
species with a high productivity and high nutritive value. 

Therefore, in this study, the suitability of the use of P. 
maximum in agropastoral systems was examined in the 
Brazilian savannas. 

At first, a greenhouse experiment was conducted to compare the growth response of B. decumbens, B. 
brizantha, and P. maximum to different P (0, 25 and 50 kgP/ha) and N (25, 150 and 300 kgN/ha) 
application rates. P application increased the dry matter yield of the 3 species, and their response to the P 
application was very similar. On the other hand, an increase of N application up to 300 kg/ha resulted in 
the increase of the dry matter yield of P. maximum linearly, while the dry matter yield of B. decumbens 
and B. brizantha reached a plateau at 150 kgN/ha. Their external N requirement was in the following 
order: P. maximum > B. brizantha > B. decumbens. It appears that the high N external requirement of P. 
maximum may be associated with its high soil fertility requirement. 

Furthermore, a grazing experiment was conducted at the National Beef Cattle Research Center of the 
Brazilian Agricultural Research Corporation in Campo Grande, Brazil. P. maximum pastures were 
established after 2 different cropping sequences: in one previous cropping sequence, soybean had been 
cultivated for 4 years in summer (SO-PM), and in the other, a 4-year rotation of summer soybean with 
winter millet for grazing (SO/MI-PM) had been adopted. The average soybean yield in the previous 4 
years was 2,559 kg/ha. During a period of 253 days, herbage samples were harvested at 6-week intervals, 
and the dry matter productivity was evaluated. Table 1 shows the average value of total biomass (plant top 
+ existing litter) during the experimental period. The average biomass in the SO-PM system was 
significantly higher than that in the SO/MI-PM system. Total dry matter production in the SO-PM system 
was much higher than that of the SO/MI-PM system. During the investigation period, leaf samples were 
taken 2 times to evaluate the nutritive value. Significant differences were observed in the contents of 



Photo: Grazing experiment on the Panicum maximum 
pastures established after 4-year cultivation of 
soybean (front) and 4-year rotation of summer 
soybean with winter millet (back) 
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crude protein and nitrogen. In vitro digestibility of SO-PM was also higher than that of SO/MI-PM. These 
data indicated that dry matter productivity and forage quality of SO-PM were much higher than those of 
SO/MI-PM. Based on the soil analysis, it is considered that, in the rotation of summer soybean with 
winter millet, soil nitrogen was immobilized into the plant residues of millet, and that P. maximum after 
the rotation could not utilize the soil nitrogen. Thus, the growth and forage quality of P. maximum were 
limited after the rotation of soybean and millet, because of its high nitrogen requirement. 

However, in farming practices, rotation of summer soybean with winter millet is more rational than 
continuous soybean cultivation from the point of view of economic profit, weed management, and 
sustainability of the soil nitrogen content. Therefore, to achieve a high productivity and enhance the 
nutritive value of P. maximum even after the rotation of soybean with millet, application of a small 
amount of nitrogen fertilizer could be effective. It is also considered that the use of species other than P. 
maximum (such as Brachiaria spp. with a lower external N requirement) could be an alternative for the 
development of a sustainable agropastoral system. 


Table 1. Average biomass, dry matter production and nutritive value of Panicum maximum pastures established after 4-year 
cultivation of soybean and 4-year rotation of summer soybean with winter millet 


Average biomass Dry matter production Crude protein In vitro digestibility Nitrogen 



(DM t/ha) 

(DM t/ha/253 days) 

(%) 

(%) 

(%) 

After soybean 

12.7 

16.6 

12.7 

56.0 

1.92 

After soybean+millet 

9.0 

10.3 

8.6 

51.8 

1.31 


Tsutomu Kanno*, M. C. M. Macedo** 

* Animal Production & Grassland Division, JIRCAS, 

**National Beef Cattle Research Center, 

CNPq Researcher (Fellow of the Brazilian National Council of Research and Development), Brazil 


JIRCAS Newsletter No.27 June 2001 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.27/04.html (2 of 2) [10/7/2002 8:46:19 PM] 






JIRCAS Newsletter No.27 June 2001 


JIRCA5 Re search Highlight 

Technology Selection In Mekong Delta Project 


For the implementation of research projects dealing with technology development, attention should be 
paid to the kind of technology required for meeting farmers, needs. In particular, in the case of 
comprehensive research projects, component technology should be integrated. In our project, in order to 
meet farmers, needs for technology development and to integrate component technology within the whole 
farming systems, we applied a farming systems research and extension approach for selecting the 
technologies to be developed in the project. The study site is representative of the irrigated alluvial soil 
area in the Mekong Delta, Vietnam. In the above approach, the first step is the diagnosis stage and the 
second step, the design stage. In the first step, problems and requirements were identified and compiled. 

In the second step, we applied the AHP-Method for evaluating the technology. In the AHP-Method 
(Analytic Hierarchy Process), the decision-making process is applied when there are options with some of 
the criteria conflicting with each other. 

The results were as follows. As shown in Table 1, among the problems, those related to the farming 
systems were as follows: 1) "Difficulty in adoption of VAC systems," "Difficulty in crop selection and 
combination," 2) Optimum waste disposal," 3) Waste pollution," and 4)" Optimum way of selecting 
chemicals." Besides these problems, there are various kinds of individual problems in each component 
such as rice-fish, livestock, fruit trees and fisheries. 

Based on the above data, we listed up the technology required to address these problems. We compared 
each technique with the criteria. The criteria suitable for technology assessment (evaluation) included 
"effects," "technology level" ("possibilities"), "ease of adoption for farmers (to learn technology),"and " 
research cost." For each criterion, the respective techniques were scored. Fig. 1 shows the results of the 
analysis. 

In this figure, IPNM technology was evaluated. IPNM stands for integrated pest and nutrient 
management. IPNM technology includes: "Comparison of sustainability of double and triple rice 
cropping," "Development of measures to maintain or improve soil fertility," "Development of fertilizer 
application methods," "Utilization of resistant varieties," "Renewal of varieties," "Utilization of natural 
enemies," "Protective methods associated with labor-intensive management," "Development of rice-duck 
system," "Development of rice-fish system." IPNM technology is one of the important technologies for 
farming systems and one of the possible solutions to address problems such as "Optimum waste disposal" 
and "Optimum way of using chemicals." Among the IPNM techniques, "Development of measures to 
maintain or improve soil fertility (fruit tree gardens and paddy fields)" includes manure production and 
composting technology, evaluation of fish pond and canal deposits as fertilizer, and evaluation of 
fermented liquid from bio-digester as fertilizer. "Protective methods associated with labor-intensive 
management" refer to the development of water control methods which include land leveling and deep 
water management for weed control. "Development of rice-fish system" aims at weed control and reduced 
use of chemicals. "Development of rice-duck system" aims at the control of the golden apple snail. 

Among these, "Development of measures to maintain or improve soil fertility" had the highest total score. 
Especially the scores of effects and technology level were much higher compared with others. 

On the other hand, we obtained the results of evaluation from farmers. As it is too difficult for farmers to 
answer in the form of AHP-Method, we decided to ask them to score each research topic. As a result, 
"Development of measures to maintain or improve soil fertility" had a higher score. Therefore, we 
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selected this technology for development in the project. Likewise, we also selected technologies in other 
research fields. 

In the above process, we identified the technologies to be applied in the Phase 2 of the Mekong Delta 
project. The objective of the project is to develop sustainable farming systems by technology 
development for environmental conservation, including bio-digester technology, technology for soil 
fertility preservation, and water control technology. At the same time, component technology will be 
developed as follows: 1) In the rice component, direct seeding technology, IPM technology, rotation 
technology, and drying technology, 2) In the pig component, feeding technology by using local resources 
and disease control technology, 3) In the fruit tree component, IPM technology, 4) In the aquaculture 
component, farming technology and seed production technology. These technologies were selected based 
on farmers, requirements identified at the diagnosis stage. At the design stage, we considered four 
important criteria such as "effects," "technology level" ("possibilities"), "ease of application for farmers 
(to learn technology)," and "research cost." The procedure described above may enable to minimize the 
risks of failure of technology development and to increase the possibility of integrating each technology 
for the implementation of the comprehensive research project. 

Table 1. Main problems relating to farming systems 

1 <Difficulty in VAC systems adoption / Difficulty in crop selection and combination 

It is difficult to adopt VAC systems due to the lack of resources / capital. I do not know how to select and 
combine components. It is difficult to invest due to the difficulty in borrowing money. 

2 cOptimum waste disposal> 

I do not know what is the optimum amount of wastes in ponds and ditches. There are problems about the 
decrease in soil fertility. But, there is neither enough knowledge nor enough materials to make manure. 

3 <Waste pollution 

Livestock wastes cause environmental problems such as decrease of water quality and bad smell. On the 
other hand, it is difficult to use the bio-digester. 

4 cOptimum way of using chemicals> 

I do not know the optimum way of applying fertilizers and of spraying pesticides and herbicides. 
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Fig. 1. Technology evaluation by AHP (IPNM). 


Ryuichi Yamada 

Development Research Division , JIRCAS 
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Symposium 

International Symposium on "lignocellulose - Material of the Millennium: 
Technology and Application" 


A joint international symposium between JIRCAS and Universiti Sains Malaysia (University Science 
Malaysia, USM) was held at Penang, Malaysia, during the period of March 20 ~ 22, 2001. The 
symposium was titled: "Lignocellulose - Material of the Millennium: Technology and Application." The 
purpose of the symposium was to exchange information on the latest achievements in research works on 
lignocellulose and related materials through paper presentations and discussions. 

More than 100 participants attended the symposium, including 20 from Japan, 60 from Malaysia, and 
others from Europe, North America and Asian countries. There were 39 oral presentations, including 5 
lectures and 40 posters. 

Professor Mohd. Azemi Mohd Noor (Chairman of the Symposium, USM) and Dr. Terunobu Suzuki 
(Director of Forestry Division, JIRCAS) delivered the opening addresses, followed by the declaration of 
official opening of the symposium by Y. Bhg. Dato, Professor Dzulkifli Abdul Razak (Vice Chancellor, 
USM). Session I included 5 presentations on pulp, paper and cellulose derivatives. Session II was held in 
the afternoon with 7 papers relating to food, feed and medical applications of lignocellulosic materials 
(Session II-A) and 7 presentations on lignocellulose-based composites (Session II-B). On the morning of 
the second day, Session III-A dealt with the properties and characterization of lignocellulose materials 
and products (6 papers), while Session III-B with lignocellulose composites (8 papers). Sessions II-B and 
III-B differed in terms of processing and utilization of lignocellulosic fibers, namely fiber-reinforced 
composites (II-B) and chemical reaction on fibers (III-B). After Session III, a poster session with 40 
papers was held. Session IV included 6 presentations on new technological developments in 
lignocellulose research, followed by the closing ceremony with a speech by Professor Azemi and closing 
remarks by Dr. Suzuki. On the last day, March 22, a visit to a wood-based board factory, including 
briefing of Penang Island, was organized for all the participants. The symposium was very successful due 
to the strong commitment of the experienced staff of USM. 

During the symposium, participants exchanged views and opinions on a wide range of research works 
related to wood and non-wood lignocellulosic materials. A large number of papers presented during the 
symposium involved studies on the extraction of lignocellulose materials from plant by-products such as 
oil palm wastes, rubber wood and banana fibers, which are often discarded after collection of the main 
products. The current project between JIRCAS and USM, indeed, dealt with such materials, especially 
by-products from oil palm. The presentations indicated that there is a great potential for the utilization of 
these wastes as raw materials for the production of pulp, paper, composites and plastics in addition to 
food and feed resources. It was also noted that the relationship between JIRCAS and USM had been 
strengthened through this joint symposium. 
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Audience during an oral presentation 


Opening ceremony 


Ryohei Tanaka 
Forestry Division, JIRCAS 
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Workshop 

Iiiiermtioiial Workshop on Nitrogen Fertilization and the Environment in 
East Asian Countries 


The use of nitrogen fertilizers has significantly contributed to the 
remarkable increase of the production and yield of various staple 
crops since the Green Revolution. However, in recent years, the 
beneficial effect of nitrogen fertilization on crop production has 
been somehow offset by the occurrence of adverse effects on the 
environment. Excessive use of nitrogen fertilizers often induces 
pollution of soils, water and the atmosphere by the emission of 
nitrogen compounds. Such environmental problems have recently 
become serious in the countries of East Asia, namely China, Korea 
and Japan, which are characterized by intensive agriculture with 
high input due to recent economic development and high population 
density. 

The international workshop on "Nitrogen Fertilization and the 
Environment in East Asian Countries" held on February 5-9, 2001 
addressed the issues related to nitrogen fertilization and the environment in East Asian countries and 
aimed (1) to exchange views on the issues, (2) to identify gaps in knowledge, and (3) to discuss future 
research needs and possible forms of cooperation. The workshop hosted by the Environmental Resources 
Division of JIRCAS included an international symposium, a planning meeting for the environmental 
component of the JIRCAS China project, and a field excursion tour. 

A total of 100 scientists from 15 countries participated in the 2-day,s international symposium. After the 
opening address delivered by Dr. T. Inoue, Director General of JIRCAS, Dr. A. Mosier of USDA-ARS 
and three other leading scientists from China and Japan presented keynote lectures to outline the issues in 
East Asian countries and the world. Then followed 6 general sessions with 25 reports by researchers from 
Japan, China, Korea, UK, Germany and USA. The symposium was closed by discussion sessions both in 
the break-out groups and synthesis and closing remarks by Dr. Minami, Director General of the National 
Institute for Agro-Environmental Sciences. 

During the 4th planning meeting for the environmental component of the JIRCAS China project titled: 
"Evaluation and development of methods for sustainable agriculture and environmental conservation," 
discussions were held on the results and future plans of the project with participants outside of the project 
in addition to the counterparts. During the excursion tour, the participants visited JIRCAS experimental 
fields, Shizuoka Prefecture Tea Experiment Station, and Shizuoka Prefecture Agricultural Experiment 
Station and exchanged views on recent studies conducted in Japan and technologies applied for 
minimizing the impact of nitrogen fertilization on the environment. 

This was the first international workshop focused on nitrogen fertilization and environment in East Asia. 
We consider that this workshop gave a good opportunity to promote the development of technologies or 
policies that maximize the use of land, water, soil, and biota resources without exerting an adverse impact 
on the environment, by the development of research networks in East Asian countries and the world. 

For further details, please visit our web site ( http://www.iircas.affrc.go.ip/EANWS/EANWStop.html) 
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Participants in the workshop 


Kazuyuki Yagi 

Environmental Resource Division, JIRCAS 

(Present, National Institute for Agro- Environmental Resource) 
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The 8th JIRCAS International Symposium with the tentative title of "Water for Sustainable Agriculture in 
Developing Regions" will be held at Epochal Tsukuba, Tsukuba, Japan during the period of November 
27-28,2001. 

For further information, please contact:Dr. Masaharu Yajima 

Secretary of the Organizing Committee for the 8th JIRCAS International Symposium 

Japan International Research Center for Agricultural Sciences (JIRCAS) 

1-1 Ohwashi, Tsukuba, Ibaraki 305-8686 JAPAN 
Fax: +81-298-38-6342 
E-mail: symp8@ml.affrc.go.jp 
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Feature Article 

Shift in Environmental Research at JIRCAS Following Restructuring 



•@ Characterization of environmental resources has been one of the key research activities of JIRCAS and 
has been carried out mainly on a large scale by applying remote sensing techniques within the framework 
of geographic information systems (GIS). These activities are closely associated with the major 
comprehensive projects that JIRCAS is implementing in different parts of world. The outcome is utilized 
by other scientists in the projects for their own research as basic information about their study area. These 
activities are expected to contribute to prioritization of research needs and integrated analysis of 
individual results in the projects. Due to the high expectation of stronger linkages with socio-economic 
analysis, it was eventually decided to transfer this part of activities to the Development Research Division 
at the time of the reorganization of JIRCAS. This functioned as a trigger for major changes in the 
divisional concept of the former Environmental Resources Division from macro-analysis of 
environmental resources to micro-analysis of production environments including not only abiotic but also 
biotic components. Beside the analyses using GIS/remote sensing, the Division had been dealing with the 
nutrient flow in agro-ecosystems and abiotic stress management under unfavorable conditions, indicating 
that the main focus of the Division had been placed on abiotic components among various environmental 
resources relating to agricultural production. Incorporating research groups specialized in the 
management of crops, water resources, and pests and diseases, the new Division (Crop Production & 
Environment Division) is now ready to start research, focusing more on the development of integrated 
technologies required for the improvement of productivity and sustainability in a cropping environment. 

•@The majority of the research themes documented in the mid-term plan of JIRCAS for the next five 
years will be conducted through so-called comprehensive projects as driving vehicles. The projects have 
been merged into five groups based on the type of activity and/or target region. The projects will be 
managed by the JIRCAS scientists under long-term assignments as core researchers, assisted by scientists 
not only from JIRCAS but also from other research organizations who will be sent under short-term 
assignments. More than half of the scientists in the Division are stationed at a project site and conduct 
their activities under the management of a two-way matrix with one axis for the Division and one for the 
project. The other half of the scientists in the Division carry out research mainly at the Headquarters. As 
long as they participate in a comprehensive project, however, they operate within the matrix frame as in 
the case of the scientists in secondment. In most of the cases, these scientists are under the supervision of 
the Division Director and the project coordinator. Although the matrix system tends to increase the 
complexity of the operations within the organization, it certainly contributes to enhancing the 
transparency of the management and the interaction among staff scientists with different backgrounds, 
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which is necessary for multidisciplinary projects. Especially for research aiming at technology 
development for cropping systems in different agro-ecosystems, which should be the major task for the 
new Division, tighter linkage among the scientists is most important to achieve the objectives since any 
technologies applicable to the field conditions should result from the integration of various scientific 
disciplines. Through the grouping of scientists with similar disciplines and active interaction among the 
groups, we hope to generate more in-depth discussions on the subjects and more systematic integration of 
the research plan and results from different groups. 


Osamu Ito 

Director, Crop Production & Environment Division, JIRCAS 
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Collaborative Research Project 

Comprehensive Studies on Soybean Improvement, Production and 
Utilization in South America and Mid-Term Evaluation Meeting 


•@In 1997, the comprehensive collaborative project titled: "Comprehensive studies on soybean 
improvement, production and utilization in South America" was initiated in the MERCOSUR countries. 
The project is focusing on the development of sustainable and more efficient systems of soybean 
production in the MERCOSUR countries such as Brazil, Argentina and Paraguay, because soybean 
production in this area accounts for approximately one-third of the total world production, and unstable 
production of soybean in these countries may hamper the supply of soybean worldwide. However, 
soybean production in South America has often been carried out under environmentally vulnerable 
conditions in arid and acid soils characterized by a low fertility. On the other hand, since the history of 
soybean cultivation in this area is relatively short, there is a growing concern that continuous cropping, 
pest and disease outbreaks, and soil erosion may adversely affect future soybean production. 

•@This comprehensive project focuses on research in five areas: genetics and breeding, soil management 
and pest control, crop management and production, postharvest technology, and socio-economic analysis. 
The project is executed in collaboration with several South American research organizations, such as 
National Center for Soybean Research (CNPSo) and National Center for Beef Cattle Research (CNPGC), 
Brazilian Agricultural Research Corporation (EMBRAPA), Center for Agricultural Technology in 
Paraguay (CETAPAR), Japan International Cooperation Agency (JICA) and Ministry of Agriculture and 
Livestock, Paraguay (MAG), and Marcos Juarez Agricultural Experiment Station (EEA-MJ), National 
Institute of Agricultural Technology, Argentina (INTA). Presently, in 2001, three researchers on a 
long-term basis are carrying out studies on genetics and breeding, soil management, and drought tolerance 
of soybean cultivars, respectively at CNPSo, Brazil. One researcher on a long-term basis is conducting 
studies on soybean diseases at EEA-MJ, Argentina. Studies on plant parasitic nematodes are being carried 
out at CETAPAR/JICA, Paraguay. In addition, one scientist currently stationed at CNPSo is in charge of 
the coordination of the project. 

•@The seminar on soybean research conducted between CNPSo and JIRCAS was held at CNPSo on 
December 11, 2000 for the preparation of the mid-term evaluation meeting. Some of the reviews and 
results obtained in this project were presented and discussed during the seminar. 
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JIRCAS researcher collecting soil samples for isolation of Greenhouse experiments for the evaluation of the 
plant parasitic nematodes in a no-tillage soybean field in micronutrient status in soybean plants at CNPSo, 

Paraguay. EMBRAPA. 

•@A mid-term evaluation meeting for this project was organized on March 22, 2001 at Tsukuba by 
JIRCAS. The main purpose of the meeting was to evaluate the results and to examine the future research 
orientation of the project. Dr. Peter Kerridge, Coordinator, International Center for Tropical Agriculture 
(CIAT)-Asia, CIAT, Prof. Dr. Kazuo Kawano, Kobe University, and Dr. Shinji Sakai, Director of 
Department of Crop Breeding, Tohoku National Agricultural Experiment Station were invited as 
commentators for the meeting. 

•@ After the opening address given by Dr. Takahiro Inoue, Director General of JIRCAS, the researchers 
of JIRCAS and related institutes presented the results and future research plans for each subject as 
follows: 1) Genetic improvement of chemical constituents in soybean seeds, 2) Production of DNA 
markers, Breeding methods for insect-resistant soybean plants in South America, 3) Identification of 
soybean genes for resistance to Phytophthora sojae using molecular markers, 4) Improvement of soil 
management practices, 5) Improvement of methods of control of diseases and insects in Paraguay, 6) 
Ecology and control of major diseases of soybean in Argentina, 7) Morphological and physiological 
characterization of drought-tolerant soybean cultivars and identification of selection criteria for drought 
tolerance, 8) Analysis of soybean supply and demand, and 9) Socio-economic evaluation of new 
technologies. 

•@ After the presentations, several critical comments on the studies were presented and the participants 
discussed solution strategies and future plans for the studies. They also exchanged views on the progress 
of the project during the meeting. Finally, the framework, future plans and orientation of the project were 
approved in general. Particular issues raised by one reviewer were as follows: 1) To define more clearly 
how this project could contribute to overall research on soybean improvement in South America, 2) To 
give a high priority to the development of soybean for consumption as food as well as to carry out 
research common to all soybean production, 3) To continue to promote a close collaboration with national 
scientists. 

•@A workshop on soybean will be held in November 2001 in Brazil during which feedback of the current 
studies and the future orientation of the program will be discussed. 


Toshiaki Taniguchi 

Director , Animal Production & Grassland Division , JIRCAS 
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JIRCAS Research Highlight 

Diagnosis and Prevention of Shrimp Viral Diseases in Southeast Asia 


•(©Southeast Asia including Thailand, Malaysia, Indonesia, and so on, is a significant area for world 
shrimp culture. However, in recent years, the production of cultured shrimps has markedly decreased as a 
result of serious viral disease outbreaks. The increased severity of widespread viral infection is the major 
constraint on stable aquaculture. Therefore, in order to ensure sustainable production of cultured products, 
it is essential to adopt preventive countermeasures against viral diseases. Therefore, the development of 
rapid diagnosis and inactivation methods for White Spot Syndrome Virus (WSSV), which is the most 
serious problem in Southeast Asia, was promoted. 

•@Serological diagnosis using monoclonal antibodies is one of the most rapid and accurate methods, in 
addition to the low cost and simplicity. The use of monoclonal antibodies resulted in a higher sensitivity 
to the virus than the use of polyclonal antibodies, because monoclonal antibodies give a very specific 
reaction against a particular part of the virus. The methods of monoclonal antibody production involve 
four steps. First, the virus antigen to mice was prepared by artificial injection of the wild pathogen virus 
to healthy prawns. The hemolymph containing a large amount of virus was collected from diseased 
prawns, and then the virus was concentrated and purified by high speed centrifugation and 
ultracentrifugation. In the next step, mice were immunized. The virus antigen prepared in the previous 
step was injected intraperitoneally into the mice, and then a few more viral injections were performed as a 
booster after three weeks. In the third step, cell fusion took place. After the final immunization, the 
spleens of immunized mice were removed and the spleen cells were fused with myeloma cells, because 
the spleen cells can not survive over a long period of time, while the hybridomas (fused spleen and 
myeloma cells) can grow and produce antibodies. In the final step, screening and culture were performed. 
The cells, which produced the specific antibodies against WSSV were selected by screening from many 
hybridomas using the immuno-fluorescence technique (Fig. 1). 

•(©After screening, they were cultured and they produced antibodies used as monoclonal antibodies. A 
few strains producing virus-specific antibodies were obtained from more than 100 strains of hybridomas, 
which were selected by antibody production tests. Hereafter, virus-specific strains will be further selected 
and used for the diagnosis of the disease caused by WSSV. 

•(©Viral inactivation was tested using chemicals, such as formalin and halogenous disinfectants, including 
sodium hypochlorite and IsodineR (povidone-iodine was an effective ingredient). The concentrations of 
formalin were 0, 0.1, 0.25, 0.5 and 1% (V/V), while 0, 0.5, 1.0, 2.5 and 5.0 ppm of effective chloride in 
sodium hypochlorite, and 0, 2.5, 5.0 and 10.0 ppm of effective povidone-iodine in IsodineR were used for 
the inactivation test. These chemicals were mixed with equal volumes of the virus and then made to react 
together at 25«Z for 10 minutes. After the reaction, the resultant products were injected intramuscularly to 
10 healthy prawns at the dose of 0.1 ml/prawn. The mortality was monitored for 2 weeks after the 
injection. The experiments showed that mortality was not recorded at concentrations above 0.25%, 0.5 
ppm, and 2.5 ppm for formalin, effective chloride in sodium hypochlorite, and effective povidone-iodine 
in IsodineR, respectively (Fig. 2). These data indicated that halogenous disinfectants induced an effective 
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inactivation even at lower concentrations. It was suggested that these disinfectants were extremely useful 
for the inactivation of WSSY. 


•@The studies on the diagnosis and disinfection of WSSV should enable to prevent pathogen intrusion 
into aquaculture farms, and, therefore, should contribute to sustainable aquaculture in Southeast Asia. 
Norihisa Oseko 
Fisheries Division, JIRCAS 

(WSSV antigen was stained by FITC-labeled virus-specific 
monoclonal antibody). 


Fig. 1. Positive sample for the screening test 
using monoclonal antibody. (WSSV antigen 
stained by FITC-labeled virus-specific 
monoclonal antibody) 




Chemical concentration 

Fig. 2.*@Virus inactivation effects at several concentrations of chemicals: formalin, chloride, and Isodin R . 
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JIRCAS Research Highlight 

Agro-Environment and Land Use in Different Farming Systems 
in West Java, Indonesia 


•@Farming Systems (FS) in Indonesia have been implemented and developed in harmony with physical 
and socio-economic conditions through a long history of human activities. In this country, FS comprise a 
variety of types associated with the great diversity in the geographic and cultural environment of more 
than 17,000 islands. This study focused on the spatial analysis of agro-environmental factors for typical 
FS in West Java in association with land use changes, by using satellite data, thematic maps and statistical 
data. 

•@Two specific FS implemented in a flat area and mountainous area, Kecamatan (Sub-district) Binong in 
Kabupaten (Regency) Subang and Kecamatan Cibinong in Kabupaten Cianjur, respectively, were 
characterized in this study. In order to describe the characteristics of FS clearly, methods to quantify the 
distribution pattern of land use and to identify the planting time and cultivation pattern of rice fields were 
developed. 

•@Land use maps in Binong and Cibinong were obtained by supervised classification of LANDS AT/TM 
data acquired on June 26, 1997. The map showed that most areas in Binong were occupied by paddy 
fields, while in Cibinong two dominant land use types characterized by upland fields and forests were 
observed. Entropy, which is the index of randomness of distribution, indicated that the land use in 
Cibinong was more dispersive than that in Binong. The value of entropy calculated for Cibinong was 
1.921, whereas 1.291 for Binong. Entropy value depending on land use categories was the lowest, 0.333 
for paddy fields in Binong, suggesting that the distribution of paddy fields in Binong was very 
concentrated. In contrast, in Cibinong, paddy fields showed the highest degree of dispersion with the 
highest entropy value of 2.598 (Fig. 1). 

•(©Topographic factor analysis using Digital Elevation Model indicated that Binong was very fiat with a 
low elevation and topographically homogeneous. On the other hand, the Cibinong location showed a wide 
range of elevations and consisted of a steep sloping area. These topographic features affected the 
distribution pattern of agricultural land use at each site. Analysis of the location of land use in Cibinong 
showed that upland fields were mainly distributed in the area where the elevation ranged between 200 and 
600 m and the soil type consisted of Yellowish Red Podsolic soil, while forests were located in areas 
around 1,000 m in elevation with two soil types; 1) a combination of Yellowish Red Podsolic, Yellow 
Podsolic and Regosol, and 2) an association of Brown Andosol and Brown Regosol. 

•@In the irrigation area located in the northern plain in West Java, the cropping pattern of rice was 
analyzed using the Normalized Difference Vegetation Index (NDVI) data, which were provided as 10 
day-composite maximum values with 1 km mesh. The analysis of the temporally sequential NDVI data 
set showed that the time of planting of rice, which started from the upper part to the lower part of the 
irrigation network, could be spatially represented. These findings suggest that the progression of planting 
can be estimated by the multi-temporal data obtained at appropriate times, although the planting time of 
rice changed year by year. The pattern of planting and growing of rice in Binong was analyzed in greater 
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detail by using NDYI of LANDSAT/TM data, which showed a higher spatial resolution (30 m) and could 
be compared with the data from the irrigation planning map issued by the Provincial Office.The results 
indicated that the TM data enabled to detect the variation in cropping time in smaller land units than the 
units shown in the irrigation planning map (Fig. 2). 

•@From 2001 onward, studies on vegetable-based FS will be initiated in addition to those on contrasting 
FS of Cibinong and Binong, to identify the constraints on sustainable and efficient production of 
vegetables in West Java. 


Yukiyo Yamamoto and Satoshi Uchida 
Development Research Division , JIRCAS 
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Fig. 1. Land use maps produced by satellite data classification. 
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Fig. 2.Spatial distribution of NDVI calculated from 
LANDSAT/TM data (colored parts) compared with 
land units derived from the irrigation planning map 
(boundaries are indicated by black solid lines) in 
the northern coastal area of West Java. 

Note:Reddish part shows higher values of NDYI of 
LANDSAT/TM. Based on the irrigation planning 
map, the time schedule of irrigation was divided 
into 4 periods, SI to S4, and the area with identical 
symbols should be irrigated during the same period. 
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Workshop & Meeting 

Economic Analyses of Agricultural Technologies and Rural Institutions in West 
Africa; Achievements, Challenges and Application to Rice Farming Research 


•@The international workshop titled: "Economic Analyses of Agricultural Technologies and Rural 
Institutions in West Africa," with emphasis placed on rice farming research in the region, was held at 
JIRCAS on July 12-13, 2001. 

•@In 1998, JIRCAS initiated a collaborative research project with the West Africa Rice Development 
Association (WARDA). Rapid demographic expansion and urbanization in Africa have shifted food 
preferences from traditional foodstuffs to rice and bread, and the demand for rice in sub-Saharan Africa is 
growing faster than that for any other major food staples. These patterns are especially evident in West 
Africa. In collaboration with WARDA, JIRCAS is conducting an economic study, focusing mainly on 
rice farming in lowland regions of Cote d'Ivoire and Ghana. Factors such as land tenure management 
through local organizations, market access and access to capital through informal financial systems are 
recognized to play important roles in farmers, capacity to adopt and use improved technology, including 
such developments as land improvement through investment in water control mechanisms, utilization of 
improved varieties, chemical inputs, and related cultural practices. Furthermore, it has been observed that 
the systems by which individuals gain access to land and capital may be discriminatory toward an 
individuals social origin and gender. Therefore, the objective of this project is to assess how the 
institutional and economic environment affects the farmers, capacity to effectively adopt new technology. 

•@The value of economic analysis has already gained clear recognition in the field of agricultural 
research in developing countries. Its potential value is expected to be even greater for the assessment of 
the impact of technology systems as well as policy/institutions on the welfare of agricultural households 
and the regional economy. Session I reviewed socio-economics research activities in CGIAR Centers (i.e. 
ICRISAT, IITA and WARDA) and JIRCAS in West Africa and the roles of economic analyses in the 
field of agricultural research were discussed. Session II was focused on the rice farming-related research 
of the JIRCAS-WARDA project and details of the schemes and methodology of economic analysis were 
discussed. The workshop, with 53 participants, provided an excellent opportunity to discuss the role of 
economic studies in addressing the problems related to agriculture and rural livelihood in West Africa. It 
was also pointed out that the effective interaction between economic studies and technological studies 
based on a multi-disciplinary approach was essential to facilitate agricultural research and development in 
the region. 


Hiroko Takagi 

Development Research Division, JIRCAS 
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Discussion at the workshop 
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Workshop & Meeting 

Sixth China -Japan Annual Research Coordination Meeting 


•@Following the 20 th Annual Group Meeting on Exchange of Agricultural Science and Technology 
between China and Japan held in Tokyo, the Chinese delegation led by Mr. Tang Zhengping, 
Director-General, Department of International Cooperation, Ministry of Agriculture, PRC, visited 
JIRCAS on May 31, 2001 in order to attend a research coordination meeting for discussing substantial 
issues relating to the ongoing comprehensive research project "Development of sustainable production 
and utilization of major food resources in China." This coordination meeting has been organized 
alternatively in China and Japan and this year, the sixth annual meeting was held. Both parties appreciated 
the favorable evaluation of the project conducted during the mid-term research review meeting held in 
February 2001. JIRCAS expressed its gratitude for the appropriate procedures implemented for duty-free 
import of research materials sent to China and the granting of visas to the Japanese scientists. This year, 
the main discussions focused on the orientation of international research collaboration after the 
reorganization of JIRCAS into an independent administrative institution (semi-autonomous agency) and 
the appropriate allocation of the budget for supporting the collaborative research project. Next annual 
meeting will be held in Beijing in May 2002. 


Masanori Inagaki 

Research Planning & Coordination Division, JIRCAS 



Participants in the meeting 
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8th JIRCA5 International Symposium 

Water for Sustainable Agriculture in Developing Regions 
-More crop for every scarce drop- 


Date: 27 - 28 November 2001 
Venue: Epochal Tsukuba, Tsukuba Science City, Japan 

Background and Objectives 

•@Many observers have pointed out the dangers of future food shortages and famine due to impending 
global water shortages. Already, one-third of the world,s population faces water shortages, and this 
proportion is expected to rise to two-thirds by the year 2025 (report by U.N. Secretary-General Kofi 
Annan, March 2000). Competition for water between urban and rural areas, increased demand for water 
due to rising living standards, and changes in annual precipitation and rainfall patterns as a result of 
environmental change all indicate that water demand and supply are in the process of major change. 

•@In the past, when water was insufficient for agricultural production, irrigation systems based on the 
construction of dams and canals had been put in place. However, the number of areas where new 
irrigation infrastructure is economically viable is becoming limited. Concerns have also increased about 
the negative impacts on the environment. New approaches are especially needed for water-limited 
semi-arid and arid environments, as well as in other environments with unreliable rainfall and uncertain 
water availability for agriculture. 

•@For these reasons, development of drought-resistant and stress-tolerant crops coupled with small-scale 
but effective technologies to make efficient use of limited water resources on a regional basis are needed. 
Ecological approaches, breeding, and transgenic genetic improvement can provide crop resources to help 
make resource-efficient technologies go further. These technologies include farm and watershed-based 
water collection and storage, improved agronomic practices that use soil water more efficiently, and 
water-saving crop production techniques. Such technologies are adapted to both the environmental 
conditions and the production practices of farmers in the area for which they are developed. Development 
of such technologies and establishment of stable and sustainable agricultural production systems, and 
ultimately living environments, are essential to maintain a world environment in balance. 

•@For this purpose, we have invited distinguished experts from within Japan and other countries, to 
discuss problems associated with water availability and use in developing regions, with a focus on 
water-limited semi-arid and arid environments, as well as other environments with unreliable rainfall and 
uncertain water availability, and to explore directions for research on water for sustainable agricultural 
production. 


f 


PROGRAM 
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Day 1 (Tuesday, November 27) 


KEYNOTE ADDRESSES 

•oe Global Water Resources Assessment and 
Future Projections 
Prof. Katumi Musiake, Institute of 
Industrial Science, University of Tokyo 

•@ 

•oe Meeting the Water Needs for Food and 
Environmental Security 
Dr. David Molden, IWMI 

•@ 

•oe Global Evolution and Future Directions of 
Water Use in Agriculture 
Prof. Yoshihiro Kaida, SCEAS, Kyoto 
University 

SESSION I - Increasing Drought 
Resistance and Water Stress Tolerance 
through Ecological and Genetic 
Approaches 

•@ 

•oe Reducing Water Stress through Ecology 
and Crop Characteristics 
Prof. Shinobu Inanaga, Tottori University 

•@ 

•oe Development of Drought-Resistant and 
Water Stress-Tolerant Crops through 
Traditional Breeding 
Dr. Rodomiro Ortiz, ITT A 

•@ 

•oe Development of Drought-Resistant and 
Water Stress-Tolerant Crops through 
Biotechnology 

Dr. Kazuko Shinozaki, JIRCAS 

SESSION II - Agronomic Approaches for 
Improved Crop Water Use 

•@ 

•oe Soil Water Balance and Crop Water Use 
Efficiency 

Dr. Rony Wallach, The Hebrew University 
of Jerusalem 


Day 2 (Wednesday, November 28) 


SESSION III - Transforming Agricultural 
Production in Water-Stressed Areas of 
Developing Regions 

•@ 

•oe Improving Water Availability and Use in 
Rainfed Systems 
Dr. Osamu Ito, JIRCAS 

Commentators: 

Dr. John S. Caldwell, JIRCAS 
Dr. Yoshiyuki Shinogi, NIRE 
Dr. Chayasit Aneksamphant, Land 
Development Dept., Thailand 

•@ 

•oe Water Management and Crop Production in 
Semi-Arid and Arid Environments 
-Successes from technical cooperation 
projects - 

Mr. Ryuzo Nishimaki, Managing Director, 
JICA 

Commentators: 

Prof. Ali A. Al-Jaloud, KACST 

Mr. Yoshiaki Kano, Managing Director, 

TBIC, JICA 

POSTER SESSION 

•@ 

SESSION IV - General Discussion 
•oe Summary of major themes and issues from 
each session 

•oe JIRCAS»fgoals and areas of contributions 
•oe Examples of research from Thailand and 
Laos 

•oe Needs and contributions of partners 
•oe Developing collaborative partnerships with 
public institutions, international research 
institutions, non-governmental 
organizations, and users of research results 

For further information, please contact: 
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•@ 

•oe Technologies for Improved Soil Water Use 
Prof. Shuichi Hasegawa, Graduate School 
of Agriculture, Hokkaido University 

•@ 

•oe New Water-Saving Production 
Technologies 

Dr. Peter Thorbum, CSIRO Sustainable 
Ecosystems 


K. 


Dr. Masaharu Yajima 

Secretary of the Organizing Committee for the 
8th JIRCAS International Symposium 

Japan International Research Center for 
Agricultural Sciences (JIRCAS) 

1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, 

JAPAN 

Fax :+81-298-38-6342 E-mail: 
symp8(5)ml.affrc. go.jp 

_ J 


Dr. Nobuyoshi Maeno, former Director General of JIRCAS, became Director of UN/ESCAP CGPTR 
Center located in Bogor, Indonesia on July 1, 2001. 


JIRCAS 
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Editor : Tetsushi HID AKA 
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letter@ml.affrc.go.jp 
http://www.iircas.affrc.go.ip/ 


JIRCAS Newsletter No.28 September 2001 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.28/08.html (3 of 3) [10/7/2002 8:47:00 PM] 









NL29 



NEWSLETTER 



For International Collaboration 

Contents 


December, 2001 

29 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.29/01.html (1 of 2) [10/7/2002 8:47:02 PM] 




NL29 


Role of Food Science and Technology Division 

Development of New Rice Varieties for Africa 
Forest Conversion and Road Construction in Sumatra 

Nucleotide Sequence and Genetic Organization of Papaya Leaf Distortion Mosaic Vims 

RNA 

APEC/JIRCAS Joint Symposium and Workshop on Agricultural Biotechnology 

Seminar on Multifunctionality of Agriculture 

8th JIRCAS International Symposium 


JIRCAS Home Page 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.29/01 .html (2 of 2) [10/7/2002 8:47:02 PM] 











NL29 


Feature Article 

Role of New Division — Food Science and Technology Division 



Torn Hayashi 

Director, Food Science & Technology Division, JIRCAS 
Establishment of new Division 

The Food Science and Technology Division was established on April 1, 2001, when JIRCAS was reorganized 
from a governmental institution into an Independent Administrative Institution (IAI, semi-autonomous agency), 
under the supervision of the Ministry of Agriculture, Forestry and Fisheries of Japan. The Division is to be 
engaged in research activities in the field of postharvest technology to contribute to food security, poverty 
alleviation and sustainable development on a global scale through research collaboration with scientists in 
developing countries, while another IAI, National Food Research Institute, is mainly engaged in research for and 
development of food science and technology relevant to the interests of the Japanese consumers and the Japanese 
food industry. Postharvest research covers a wide range of fields in the harvest-consumption chain: harvesting, 
handling, drying, storage, grading, packaging, processing, transport, disease and insect control, quality/safety 
evaluation and inspection, and marketing. 

Food security 

Food security is one of the major global problems facing humans today. The world population reached about 6 
billion in 2000 and it is anticipated that the population will exceed 7.5 billion in 2020, according to United 
Nations' World Population Prospects. Because agriculture is influenced by the environmental conditions and 
global arable land is limited, global food production may not increase sufficiently to meet the demand of the 
rapidly increasing population. On the other hand, postharvest losses of grains have been estimated at 20-30%, 
caused mainly by insect infestations and microbial infection in developing countries. Therefore, the products once 
harvested should be consumed with minimum loss during handling, transportation and storage. Developing 
techniques to reduce postharvest losses of agricultural products and to maintain their quality will contribute to 
global food security. 

Poverty alleviation 

Agriculture is still the largest sector of rural economies, and a majority of the rural population is engaged in 
agriculture, in developing countries. The income of urban people is much higher than that of the rural ones, and 
population has moved from the rural to the urban areas, seeking higher income and more convenient living 
conditions. Against this background, we must make utmost efforts to give rural people the means to increase their 
income, so that they may stay in the rural areas and continue to cultivate their land and rear their livestock. 

The prices of agricultural commodities are declining and their percentage in the final consumer price is 
decreasing, which indicates the necessity of value addition to the commodities. Consumers are concerned about 
the quality and safety of what they eat. Changes in the urban life-style associated with increased income and 
women's work have resulted in increased consumers' demand for a more diversified diet, for processed and 
convenience foods and for animal products. 

It is important for rural farmers to market products that meet the demand of urban consumers. Therefore, studies 
to ensure high quality/safety of agricultural commodities and to enhance their value will contribute to the 
improvement of mral income. 
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Sustainable development 

Postharvest technologies to be developed should be environment-friendly in order to promote environmental 
sustainability. Since technologies less dependent upon chemicals are preferable from the viewpoint of not only 
food safety but also environmental preservation, the development of alternative methods to chemical treatment is 
highly required. For example, the world's most widely used fumigant, methyl bromide, is to be phased out by 
2015 due to its ozone-depleting potential, and worldwide scientists have been making efforts to develop 
alternative methods for disinfesting agricultural products such as grains and fruits and vegetables. 

Research activities 

We are currently conducting a research project titled: "Development of low-input technology for reducing 
postharvest losses of staples in Southeast Asia" in collaboration with Thai organizations, to develop low-input 
drying technology using natural energy sources such as sunlight, husks and straw and to develop 
insect-controlling technology employing natural enemies and bioactive botanicals. The technologies will result in 
effective and lower-cost systems that are also environment-friendly to reduce postharvest losses of rice. We 
investigate the bioactivity of indigenous plants in Southeast Asia such as ginger as well as the characteristics of 
Thai aromatic rice in order to promote value-adding utilization of these commodities. 

We are also involved in other research projects, including the improvement of the process for the production of 
Chinese traditional foods such as soybean milk curd (tofu) and rice noodles (miefun) in China and the 
development of technology for the utilization of soybeans for non-feed purposes in Brazil. In Indonesia, we have 
successfully isolated white-spored mutants from the koji molds for the production of Kecap, an Indonesian soy 
sauce, to discriminate the koji molds from mycotoxin producers. 

All these research activities are expected to contribute to global food security, rural poverty alleviation and 
environment sustainability. 



Rice noodles in China 
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Collaborative Research Project 


Contribution of JIRCAS to the Development of New Rice Varieties for Africa 

In the middle of the 1990s, West Africa Rice Development Association (WARDA, based in Bouake, Cote d'Ivoire) had 
succeeded in producing fertile progeny lines from the interspecific cross of Oryza sativa (Asian rice) and O. glaberrima 
(African indigenous rice). These hybrid lines have attracted considerable attention because they are expected to be better 
adapted to crop management with limited resource input, compared with Asian varieties that cover almost 100% of the rice 
area in this region. WARDA has been the major organization involved in the Africa/Asia Joint Research Project (Interspecific 
Hybridization between African and Asian Rice Species), a South-South Cooperation Project funded by UNDP/TCDC since 
1997. In early 1998, JIRCAS joined the project with an independent budget and started a 5-year collaborative research 
program with WARDA to analyze the genetic and eco-physiological characteristics of the interspecific hybrids. For the 
project, JIRCAS had been assigned to conduct research on drought and soil acidity, which are the major constraints on rice 
production in the resource-limited rainfed ecosystems in West Africa. 

During the first half of the project (1998-2000), JIRCAS dispatched a crop physiologist to WARDA. He was assigned to the 
Molecular Biology Laboratory of the Breeding Unit, headed by Dr. Monty Jones, who had successfully conducted studies on 
interspecific hybridization. The laboratory aims at tagging genes responsible for important traits of the interspecific progenies 
through QTL analysis, on the basis of which superior marker-aided selection systems could be developed. With substantial 
assistance from Dr. Cadalen, a molecular biologist, and the technical assistance extended by Cornell University, a molecular 
analysis scheme for polymorphism among rice varieties/lines was effectively developed in the laboratory. The main activity 
of the crop physiologist sent by JIRCAS was centered on the development of screening methods and quantitative criteria 
applicable to QTL analysis of drought and soil acidity tolerance. 

For drought tolerance, field experiments were conducted during a dry spell at Mbe, in an upland field near Bouake, using 
several African and Asian lowland and upland rice varieties. Growth analysis showed that upland rice varieties displayed a 
much higher tolerance to drought than lowland varieties. It was interesting to note that the growth of the African rice varieties 
was significantly reduced by drought stress at the early vegetative stage. Another finding on the physiological response of 
glaberrima rice to drought was that CG20, an African rice variety originating from Casamance (Senegal), showed a much 
higher reduction rate in transpiration than in photosynthesis. Though it is not necessarily true for all African rice, the 
drought-tolerance mechanism of CG20 was associated with a rapid closure of the stomata leading to a reduction in the 
amount of transpired water. This was confirmed by the larger increase in the /A 13 C value (carbon isotope discrimination rate) 
in CG20, compared with other glaberrima varieties. Therefore, it was assumed that there would be a wide range of variation 
among African rice varieties in the response to drought stress. 

The ability of water uptake by roots is another determinant for drought tolerance at the vegetative growth stage of rice plants. 
With the technical assistance of Dr. Ookawa, Associate Professor, Tokyo University of Agriculture and Technology, during a 
short-term visit to WARDA, several parameters of water relations were examined. Among them, the rate of xylem exudation 
from the cut section of stem was well correlated with drought tolerance. Due to the simplicity of this measurement, the xylem 
exudation rate could be adopted as a quantitative criterion for QTL analysis of drought tolerance at the vegetative growth 
stage. 

Emphasis was also placed on the genotypic variation in soil acidity tolerance among O. glaberrima varieties. We conducted 
an experiment in an upland field at Man, an acidity-prone area in the western part of Cote d’Ivoire, using several Asian and 
African rice varieties. As phosphorus deficiency is the main limiting factor in acidic soils in this area, the studies were 
focused on the response to P-application. The responsiveness to P-application in glaberrima rice was as high as that of sativa 
rice. IG10, an African rice variety from Cote d’Ivoire gave the highest yield under P-deficiency. After confirmation of the 
reproducibility of the results, it was suggested that new interspecific crosses could be made for breeding a variety with 
outstanding tolerance to soil acidity and P-deficiency. 

Satoshi Tobita 

Crop Production & Environment Division, JIRCAS 
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First observation of the drought trial at Mbe by the team of 
WARDA's Molecular Biology Laboratory, Mr. Gabriel Aluko, 
Mme Hortense Sehi, Dr. Monty Jones, Mr. Dobo Macaire, Dr. 
Thierry Cadalen and Mr. Pierre-Louis Am oussou (from left). 
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Collaborative Research Project 

Forest Conversion and Road Construction 

- A Case Study in a Rubber Village in Sumatra, Indonesia - 

Indonesia has the third largest area of tropical forests in the world. According to FAO, about one million ha of 
forests are being lost each year in this country. Historically, shifting cultivation had been considered to be the 
primary cause of deforestation. However, subsequent studies have paid more attention to profitable tree crops 
and found that smallholder tree crop production, rubber in particular, contributes to the deforestation rather 
than shifting cultivation. Rubber earns the highest agricultural income in Indonesia. Rubber is the dominant 
smallholder crop in much of Sumatra and Kalimantan. 

The construction of roads is well known to accelerate forest conversion to agricultural land. Previous studies 
on road and deforestation revealed that closer distance from roads and higher density of roads likely lead to a 
higher rate of deforestation. However, little is known about how road construction affects farmers' behavior in 
forest clearing. 

Collaboration work between JIRCAS and International Centre for Research in Agroforestry (ICRAF) focused 
on the impact of road construction on forest conversion to agricultural land in a village of rubber smallholders 
in Sumatra. The village named Talang Sungai Bungo was chosen for the farmer survey. Swidden-based rubber 
cultivation is the dominant economic activity in the village. The farming system is a combination of shifting 
cultivation and traditional rubber planting. Our fieldwork was conducted in 1999-2000. A survey was 
conducted for 40 randomly selected households in the study village through two interviews. The first 
interview was made in May-June 1999, to obtain information about land acquisition and land tenure and the 
second was performed in February-March 2000, to analyze the household economy. 

The economic development policy of President Suharto (period: 1967-1998) had accelerated the improvement 
of the infrastructure in Indonesia. The road related to the transport of rubber from the village to the market had 
been substantially improved and paved by the government in 1974 and 1978. The road construction enabled to 
lower the cost and shorten the time of transport of rubber remarkably. As the market price of rubber remained 
constant, the villagers were able to sell rubber at a higher price and the profitability of rubber increased. 

To identify changes in farmers' behavior in terms of forest clearing after road construction, the following data 
were analyzed: data-1) Land ownership of the households, data-2) Acquisition methods of the land owned by 
the households, data-3) Forest clearing implemented by the households, (1) distance from the village center to 
the plots of forest clearing, (2) year when the plots were cleared, (3) size (ha) of the plots, data-4) Number of 
total households in the village, based on statistical data of the district. 

Results of analysis of data-1) showed that a household owned an average of 16 ha of land, including rubber 
gardens (9.7 ha) and bush fallows (5.8 ha). Analysis of data-2) indicated that the main method of land 
acquisition involved the clearing of primary forests (73% of the plots of land). According to the custom law, 
the person who clears a primary forest can acquire the land. Other methods of land acquisition included 
inheritance and purchase. Results of data-3) analysis showed that forest conversion to agricultural land in the 
village had been sharply accelerated in the late 1970s and has been stable since then. Analysis of data-4) 
showed that population growth had been stable and ranged between 1 and 3% during the period of 1970-2000. 
Analysis of data-3) (2)-(3) indicated that the area of forest cleared per household had doubled in the late 1970s 
and has been stable since 1980. As a result of the analyses of data-3) and -4), it was found that the expansion 
of agricultural land in the 1970s was mainly associated with the increase in forest clearing per household and 
that the contribution of population growth was not significant. 

Based on this study, we observed that expansion of agricultural land occurred not because of local population 
growth, but because smallholders cleared a larger forest area, reflecting farmers' behavior in response to road 
construction. Road construction which had improved the transport of rubber and raised the profitability of 
rubber in the village, enhanced farmers' incentive to expand the farm size. 
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This study indicates that road construction is effective for local people to improve their living standard in the 
short term. However, excessive clearing of forests may result in inequality of the land area among local people 
in addition to all the adverse effects associated with deforestation, including the loss of biodiversity. It is thus 
important to strike a balance between forest conservation and the welfare of the local people in this area. 


Motoe Miyamoto 
Forestry Division, JIRCAS 




Forest cleared for planting rubber in the study village in 
Sumatra 


Mature rubber garden in the study village 
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JIRCAS Research Highlight 

Complete Nucleotide Sequence and Genetic Organization of Papaya Leaf Distortion 
Mosaic Virus* RNA 

Papaya (Carica papaya L.) is one of the most important fruit trees in tropical and subtropical areas. Papaya leaf distortion 
mosaic virus (PLDMY) and Papaya ringspot virus type P (PRSV-P) have been reported to cause papaya diseases in Japan. 
Out of them, PLDMV is the most destructive factor in papaya production in Japan (Fig. 1). The viruses belong to the genus 
Potyvirus. They are similar to each other in several properties including characteristic symptoms that appear on papaya 
plants, host range, transmission mode of aphid and physical properties. 


Fig. 1. Ringspot and distortion symptoms on a 
papaya fruit caused by PLDMV. 


Information on the nucleotide sequence of PLDMV-RNA is necessary to identify similar viruses, as mentioned above, and 
to develop methods for their control. The complete nucleotide sequence of the RNA genome of the PRSV-P Hawaii isolate 
was reported in 1992. On the other hand, only the 3' terminus of that of PLDMV was reported in 1996. 

In this study, the complete nucleotide sequence of the RNA genome of PLDMV was analyzed to determine the genomic 
organization of PLDMV and to classify PLDMV based on molecular taxonomy. 

The sequence was determined from 6 overlapping cDNA clones and by primer extension. The genomic RNA was 10 153 
nucleotides (nt) in length, excluding the poly(A) tract, and contained one large open reading frame that started at nucleotide 
positions 135 to 137 and ended at positions 9942 to 9944, encoding a polyprotein of 3269 ami no acids. The 5' untranslated 
region (5'UTR) of PLDMV preceding the ORF was 134 nt and contained box a-like (ACAAAACTT) and box b-like 
(TCAATACA) sequences which were highly conserved sequences in the other reported potyviruses. The 209 nt of the 3' 
untranslated region (3'UTR) was present downstream of the ORF. 

The polyprotein was cleaved by viral proteinases into smaller proteins. Cleavage sites were predicted by analogy with the 
other potyviruses. The genetic organization of PLDMV RNA was defined as follows: PI, the first proteinase, a protein with 
a proteolytic activity; Hc-Pro, helper component proteinase, a protein with aphid transmission helper component activity 
and proteolytic activity; P3, the third protein, function unknown; 6K1, 6kDa protein 1, function unknown; Cl, cytoplasmic 
inclusion protein, a protein with RNA helicase activity; 6K2, 6kDa protein 2, function unknown; NIa, nuclear inclusion 
protein "a" including the VPg (NIa-Vpg), genome-linked viral protein covalently attached to the 5' terminal nucleotide and 
NIa proteinase (NIa-Pro); Nib, nuclear inclusion protein "b", the RNA polymerase and CP, coat protein (Fig. 2). The 
proteins were not assembled into virus particles, but they were nonstructural virus-encoded host-alien proteins except for 
CP. 

The genetic organization of PLDMV was similar to that of the other potyviruses. Predicted amino acid sequences of 
PLDMV proteins were compared with those of PRSV-P and other 23 distinct potyviruses. The overall percentages of 
amino acid sequence identity ranged from 46.4% with Potato virus V (PVV) to 50.5% with Plum pox virus (PPV). PLDMV 
exhibited the highest percentage of amino acid identity (65.6%) in its Nib with PPV. The region with the lowest identity 
among the potyviruses was the PI protein, with identity ranging from 18.4% with Bean yellow mosaic virus (BYMV) to 
29.2% with Bean common mosaic virus (BCMV). CP amino acid sequence identities, which are the criteria used for the 
taxonomy of potyviruses, ranged from 61.9% with Potato virus Y (PVY) to 52.1% with Tobacco vein mottling virus 
(TVMV). These molecular characterizations confirmed that PLDMV is a distinct member of the genus Potyvirus. 
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The PLDMV and PRSV-P also shared the highest sequence identity value (63.0%) in their Nib, and the lowest (22.8%) in 
their PI protein. Since the PI protein of the potyviruses is the most variable, it is considered to be a very important protein 
for the identification of individual poty viruses. It might be useful for the distinction between PLDMV and PRSV-P by 
RT-PCR. The information on the complete sequence will be used for the development of technology for the transformation 
of PLDMV-resistant papaya in the near future. 


PI 

HC-Pro 

P 3 

Cl 


Nib 


CP 


-PolyA 


6K1 


6K2 


Fig. 2. Proposed genomic map for PLDMV RNA. 

PI, the first proteinase; Hc-Pro, helper component proteinase; P3, the third protein; 6K1, 6kDa protein 1; Cl, cytoplasmic 
inclusion protein; 6K2, 6kDa protein 2; NIa, nuclear inclusion protein "a" including the VPg (NIa-Vpg), genome-linked 
viral protein and NIa proteinase (NIa-Pro); Nib, nuclear inclusion protein "b"; CP, coat protein. 


*Since Papaya leaf distortion mosaic vims has not yet been officially recognized by the International Committee of 
Taxonomy of Vimses, italics were not used. 

Tetsuo Maoka 

Okinawa Subtropical Station, JIRCAS 

(Present, National Agricultural Research Center for Hokkaido) 
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Workshop & Seminar 


APEC/JIRCAS Joint Symposium and Workshop on Agricultural Biotechnology 

The Asia-Pacific Economic Cooperation (APEC) Agricultural Technical Cooperation Working Group and JIRCAS joined 
hands to organize the "Joint Symposium and Workshop on Agricultural Biotechnology" in Bangkok during September 3-7, 
2001. The first day was open to the public, attracting more than 300 participants. Discussion was focused on "The Future of 
Biotechnology in World Agriculture." Several internationally known experts gave keynote speeches followed by a panel 
discussion. It became clear that agricultural biotechnology would have a significant impact on future agriculture and world 
trade, especially through the safe and prudent application of transgenics (genetically modified organisms, GMOs) in both 
developing and developed countries. Public acceptance of biotechnology applications was considered to be the key for current 
and future society to benefit from biotechnology applications. 

Subsequently, APEC organized a workshop focused on "Policy and Regulations on Biotechnology Applications." Special 
attention was directed towards food safety and environmental safety in relation to GMOs. APEC member economies are 
sharing information and experience in this very sensitive area in order to achieve a more regionally coherent approach. Many 
developing economies requested further support for their capacity building in policy, regulatory and technical areas for the 
active and safe implementation of biotechnology to address their agricultural production and use problems. 

JIRCAS' workshop, which was organized from 5 to 7 September, was titled: "Genetic Engineering of Crop Plants for Abiotic 
Stress." The reasons why abiotic stress was chosen as theme are threefold. First of all, poor farmers in marginal areas are 
more vulnerable to the impact of abiotic constraints (e.g. drought) on the production of food crops. Second, most of the 
transgenics that are already present in farmers' fields or in the pipeline for future release are related to herbicide resistance, 
disease/pest resistance, postharvest or nutritional quality. These are important traits for high-income countries and high-input 
agriculture. Unfortunately, no transgenics with abiotic stress tolerance are anticipated for commercial use. This is probably 
because poor farmers in marginal areas are not the prime targets of biotechnology research by the private sector. Poor farmers 
of developing countries are deprived of the benefits from transgenics adapted to their growing conditions. Thirdly, JIRCAS 
believes that recent developments in basic biological science (genomics in particular) can lead to a much better understanding 
of the biological mechanisms of abiotic stress response and tolerance. Moreover, knowledge and DNA obtained through 
research in one crop can be used for other crops since the biological mechanisms for abiotic stress response are considered to 
have common features (functional synteny) among higher plants. 

More than 10 prominent scientists gave lectures on the basic biological mechanisms for tolerance to drought, high 
temperatures, low temperatures and high salinity, as well as on recent progress in the development of transgenics in cereals, 
legumes, tropical fruits and root and tuber crops. Dr. J. M. Ribaut of CIMMYT and Prof. K. Watanabe of Tsukuba University 
reported on successful transformation with abiotic stress tolerance in wheat and potatoes, respectively, presenting the promise 
of future production of crops with abiotic stress (such as drought, low temperature) for use by poor farmers in marginal areas. 
They used DREB (drought responsive element binding protein) genes provided by Dr. Shinozaki of JIRCAS, demonstrating 
that the genetic mechanisms controlling the biological response to drought, low temperature and high salinity that were 
originally found in Arabidopsis can also be used for those important economic plants. 

Participants benefited from the joint symposium and workshop organized by APEC and JIRCAS since they could attend 
sessions dealing with policy aspects (APEC's main interest) as well as scientific progress (JIRCAS’ main interest). Policy and 
science should go hand-in-hand, but there had not previously been any opportunity for policy authorities and science experts 
to get together. Proceedings of the JIRCAS workshop will be published as a JIRCAS Working Report in early 2002. 

Masa Iwanaga 

Director, Biological Resources Division, JIRCAS 
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Workshop & Seminar 


Seminar on "Multifunctionality of Agriculture" 

On October 17-19, 2001, an international seminar on the multifunctionality of agriculture was held at JIRCAS. The seminar 
was organized by the Food and Fertilizer Technology Center for the Asian and Pacific Region, a Taiwan-based international 
organization, and co-sponsored by four Japanese research institutes, including JIRCAS. 

The purpose of the seminar was to gain a better understanding of the multiple functions of agriculture through the exchange 
of information and to determine whether information gaps exist and how these can be filled, for the benefit of those involved 
in agricultural research and policy formulation. The participants came from eight Asian countries, and 17 papers were 
presented. The keynote speech on "Agriculture and the Environment" was delivered by Dr. K. Minami, President of the 
National Institute for Agro-Environmental Sciences, Japan, followed by four sessions: Food security, Environmental 
protection, Other externalities, Evaluation of multifunctionality. 

During the discussion, the multifunctionality of agriculture, one of the key topics being currently debated at forums, 
especially in developed countries, was found to be an important issue for developing countries' agriculture, of which roles 
need to be recognized from a broader viewpoint in order to obtain stronger support. There was a wide consensus among the 
participants that paddy rice production, which is a common agricultural activity in the region, has positive externalities in 
several aspects. However it was also concluded that the definition of multifunctionality needed additional clarification, and 
that the methodologies used for evaluating externalities, in general, should be improved by further promoting the research 
network and research collaboration among the Asian countries. 

On the t hi rd day of the seminar, the participants made a field trip to "Kasama Kleingarten" located north of Tsukuba, a small 
community where city dwellers are able to rent simple cabins with vegetable and flower gardens. 

Osamu Koyama 

Research Planning & Coordination Division, JIRCAS 



Participants in the FFTC International Seminar on Multifunctionality of Agriculture 


JIRCAS Newsletter No.29 December 2001 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.29/07.html [10/7/2002 8:47:20 PM] 














NL29 


8th JIRCAS International Symposium 


Water for Sustainable Agriculture in Developing Regions 

- More crop for every scarce drop - 



Opening address by Dr. T. Inoue, 
President of JIRCAS 


For its 8th International Symposium, JIRCAS chose the theme, "Water for Sustainable Agriculture in Developing Regions - 
More crop for every scarce drop This theme was chosen because of impending conflicts among agriculture, human 

livelihood, and the environment, for scarce water, and the real danger of future food shortages and famine. Over 200 
participants exchanged research results and ideas on ways to address this pressing problem during the two days of the 
Symposium, November 27-28, 2001. 

The symposium presented current knowledge and state-of-the-art research in three sessions, moving from the global to the 
user-based level. In the opening session, three keynote speakers presented key elements of the problem and directions towards 
solution. Prof. A. Musiake, University of Tokyo, presented results of global modeling of water supply and demand until 2050, 
using a 0.5*<x 0.5*<grid and specific river basins, showing projected water scarcities driven by population increase. Dr. D. 
Molden, International Water Management Institute, explained that to meet environmental water needs, reduction in irrigation 
use will require productivity increases of 60% in irrigated agriculture and 35% in rainfed agriculture. Prof. Y. Kaida, Kyoto 
University, presented a framework for solution and numerous real-world examples based on individualized, communalized, 
and regionalized ecotechnologies. This framework proposed moving from engineering approaches that characterized the 
Green Revolution era to environmentally formative and adaptive approaches, with the goal of "more welfare for every drop." 
The following three sessions examined concrete ways to achieve the goals of productivity increase and environmentally 
formative water management. Session 1 presented new genetic and ecological approaches to increasing drought resistance and 
water stress tolerance. Prof. S. Inanaga, Tottori University, presented examples of crop ecological adaptation using 
mechanisms of escape, avoidance, tolerance, and recovery, and approaches to enable crops to better use these mechanisms, 
including conservation tillage, deep tillage, fallow, mulching, and intercropping. Dr. R. Ortiz, International Institute of 
Tropical Agriculture, presented a model for decentralized plant breeding based on expansion of the phenotype concept adding 
management, farmers, institutions, and policy to genotype-environment interaction. He supported this with concrete examples 
of maize, cowpea, groundnut, and soybean breeding, including recent advances using genetic markers. Finally, Dr. K. 
Yamaguchi-Shinozaki, JIRCAS, described recent progress in transferring drought stress genes and promoter proteins in 
model plants, and explained plans being developed with other public institutions and the private sector to extend these new 
methods to economic crops. 

Session 2 presented new agronomic approaches for improved crop water use. In terms of Dr. Ortiz model, this moved from 
the genotype side to the environment, side of the phenotype model. Prof. R. Wallach, Hebrew University of Jerusalem, 
explained results of detailed studies of water movement demonstrating how water flux from the soil to the plant, measured by 
unsaturated hydraulic conductivity, is the real determinant of soil water depletion, rather than tension or water content alone. 
Dr. S. Hasegawa, Hokkaido University, showed the importance of macropores for crop deep water exploitation, and presented 
techniques for reducing soil impedance of root penetration developed in Northeast Thailand, including hardpan fracture and 
organic amendments in trenches. Finally, Dr. P. Thombum, CSIRO, explained how soil wetting patterns using trickle 
irrigation depend on structure and hydraulic properties of specific soils, and not simply on soil structure, and illustrated this 
with a new decision-support tool. 

Session 3 examined concrete examples of approaches to transforming agricultural production in water-stressed areas, through 
two series of presentations and comments. In the first series, Dr. O. Ito, JIRCAS, presented two models of comprehensive 
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research in rainfed agriculture in Northeast Thailand, the first focused on crop-livestock integration, and second which will 
develop small-scale watersheds through toposequence management and small-scale irrigation, starting in 2002. Three 
co mm entators provided additional perspectives relevant to the new project. Dr. W. Pichai, Department of Land Development, 
Thailand, explained the national policy background which the new project will support. Dr. Y. Shinogi, NIRE, presented an 
example of small-scale watershed management, the cascade system of Sri Lanka. Dr. J. Caldwell, JIRCAS, through 
comparisons between small-scale watershed research in Northeast Thailand and Mali, West Africa, showed the potential for 
cross-regional research interaction. These included participatory methods, future adaptation of small-scale ponds for long 
bas-fonds in West Africa, and strategic weather prediction for crop management decision-making being developed in Mali. 

In the second series, Mr. R. Nishimaki, JICA, using an example from Kenya, explained how JICA has integrated participatory 
approaches into its development programs, combining water management with support to other needs of users. Paralleling the 
concept of "more welfare for every scarce drop," evaluation of its programs examines relevance, sustainability, and impact, as 
well as efficiency and effectiveness. Two commentators provided additional perspectives. Dr. A. Al-Jaloud, King Abdulaziz 
City for Science and Technology, Saudi Arabia, showed how well-integrated management practices have enabled that country 
to achieve remarkable increases in food production in an arid environment. Mr. Y. Kano, JICA, presented a case study of how 
community forestry in Senegal, led by beneficiaries themselves, has increased sustainable reforestation. 

The Symposium concluded in Session 4 with an introduction to the World Water Forum, a summary of JIRCAS' 
achievements in water-focused research over the past 10 years, and general discussion of research needs, contributions, and 
potential partnerships for achieving more crop and more welfare from every scarce drop. 


John S. Caldwell 
Development Research Division 



JIRCAS Newsletter No.29 December 2001 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2001/No.29/08.html (2 of 2) [10/7/2002 8:47:23 PM] 





NEWSLETTER 



Japan International Research Center for Agricultural Sciences 

For International Collaboration 
Contents 

Role of Food Science and Technology Division .... 

Development of New Rice Varieties for Africa. 

Forest Conversion and Road Construction in Sumatra. 

Nucleotide Sequence and Genetic Organization of Papaya Leaf 
Distortion Mosaic Virus RNA. 

APLC/JIRCAS Joint Symposium and Workshop on 
Agricultural Biotechnology. 

Seminar on Multifunctionality of Agriculture. 

8 th JIRCAS International Symposium . 


December,2001 

29 


JIRCAS Newsletter No.29 December 2001 - ^ 









CONTENTS 


JIRCAS 


Newsletter 


NO. 22 

March 2000 



City market at Asuncion, Paraguay 
(Phto by M. Kokubun) 


CONTENTS 

<Feature Article> 

Socio-Economic Studies in Developing Regions 

cCollaborative Research Project> 

•# Collaborative Research Project with CIMMYT 

cJIRCAS Research Highlights> 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2000/No.22/01Contents.htm (1 of 2) [10/7/2002 8:47:29 PM] 







CONTENTS 



http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2000/No.22/01Contents.htm (2 of 2) [10/7/2002 8:47:29 PM] 



Newsletter 


Socio-Economic Studies Related to Agricultural 
Development in Developing Regions 



Kazuyuki Tsurumi 

Director, Research Information Division, JIRCAS 


The Research Information Division conducts research projects on socio-economic development and promotes the implementation of 
comprehensive multidisciplinary research projects including studies on socio-economic aspects and natural sciences in developing regions. 
The comprehensive projects have been implemented by JIRCAS as a whole in order to address complex issues like poverty alleviation. 
Scientists belonging to several Divisions at JIRCAS join the project to carry out research related to their respective fields and develop new 
technologies. Up to now, eight comprehensive research projects have been implemented (Table 1). On the other hand, socio-economic studies 
have been mainly carried out by scientists from the Research Information Division itself (Photo). Research subjects cover the situation of the 
supply and demand of food worldwide and in specific developing regions, as well as the impact of agricultural policies and systems, including 
extension systems, on agriculture and rural development, and the relation between agricultural development and changes in the natural 
environment. 


Table 1. International comprehensive projects at JIRCAS 


Title of the project 

Target area 

Comprehensive studies on soybean improvement, production and utilization 

Brazil, Argentina, Paraguay 

Comprehensive studies on the development of sustainable agro-pastoral systems in the 
subtropical area of Brazil 

Brazil 

Evaluation and improvement of regional farming systems 

Indonesia 

Improving food security through increased productivity in rainfed rice systems 

West Africa 

Comprehensive studies on sustainable agricultural systems in Northeast Thailand 

Thailand 

Development of new technologies and their practice for sustainable farming systems in the 
Mekong Delta 

Vietnam 

Development of sustainable production and utilization of major food resources 

China 

Productivity and sustainable utilization of brackish water mangrove ecosystems 

Malaysia 


In the comprehensive research projects, socio-economic studies play two major roles. One is to identify issues to be addresseded and the 
another is to evaluate the results of research activities. Prior to the implementation of the research projects, usually a kind of baseline survey 
mainly related to socio-economic aspects has been conducted, including agricultural production, consumption, distribution systems, foreign 
trade, and even social customs. From these results, several issues to be tackled for achieving sustainable agricultural development can be 
identified along with the technologies and systems to be newly developed. In general, the most serious problem in developing regions has 
been the low production of food, especially of grain. In this case, major factors should be considered, such as soil conditions, water 
management, cultivation technologies, farming systems, and even farmers' association structure. Once the most important technologies 
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required have been identified, scientists can initiate research. The purpose of the baseline survey should be very clear and indicate some 
direction. The second role of the socio-economic studies is to evaluate the technologies newly developed. Even if some technologies and 
systems may contribute to the increase of agricultural production or the reduction of production costs, they must be adapted to the farmers' 
management level. When farmers have to invest a large amount of money in order to introduce the new technologies, the outcome may not be 
successful. 

Apart from the role in the comprehensive research projects, socio-economic studies are closely related to policy and administration aspects. 
For decision-makers, it is important to evaluate the impact of the new policies and systems they plan to introduce. Econometric simulation 
models may enable to forecast the supply and demand situation of food, agricultural trade development and farm household economy when, 
for example, trade liberalization and price support policies are introduced. Moreover, through economic studies, to a certain extent, the impact 
of agricultural activities on the natural environment can be evaluated. Usually, since the relations between these two aspects are discussed in 
qualitative terms, there is a need to add a quantitative dimension. From the socio-economist viewpoint, in these simulations, for the 
development of methodology for estimation of impacts in more realistic terms, research results will be important. 

It is important to emphasize that the socio-economists should carefully consider the scope of their studies and clearly indicate the objectives 
since the results are more closely linked with policies developed by decision-makers than in the case of research covering natural science 
disciplines. In other words, the results of socio-economic studies themselves might contribute to changes in policy direction. However, at the 
same time, to preserve the objectivity of the studies, the socio-economists should avoid to be too strongly influenced by the decision-makers. 



Interview of farmers in a village in Kalimantan, 
Indonesia 

(Photo by J. Gotoh) 
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Collaborative Research Project with CIMMYT for the Development of an 
Effective Selection System for Disease Resistance in Wheat by Using DNA 
Markers 


Kazuhiro Suenaga 

Biological Resources Division, JIRCAS 

The Headquarters of the International Maize and Wheat Improvement Center (CIMMYT) are located at El Batan, a suburb of Mexico City. 
CIMMYT focuses its activities on increasing the productivity and sustainability of maize and wheat production in developing countries in the 
world. Major activities include the development and worldwide distribution of improved varieties, the conservation of genetic resources, and 
the production of documentation related to new knowledge about these crops. 

There has been a long collaboration between CIMMYT and JIRCAS (formerly Tropical Agriculture Research Center (TARC)). In 1993, a 
JIRCAS researcher was sent to CIMMYT on a long-term basis to carry out collaborative studies on the development of wheat x maize crosses 
for producing and utilizing wheat haploids for breeding purposes and genetical analyses. 

Since January 1998, a JIRCAS researcher has been involved in collaborative studies on the development of an effective selection system for 
wheat varieties harboring resistance genes to Fusarium head blight (FHB) and yellow rust using DNA markers. 

Indeed, biotic and abiotic stresses to plant production are major issues in developing countries. Although important diseases may differ 
depending on the region/country, Fusarium head blight (FHB) and yellow rust are among the most serious diseases in wheat production areas. 
In Japan, due to the high rainfall during the maturation season of wheat, wheat production often experiences serious damage by FHB, 
especially the southern and northern parts of Japan (Kyushu and Hokkaido). Moreover, since recent abnormal weather has caused an 
epidemic of FHB worldwide, it is important to develop efficient breeding systems for wheat cultivars resistant to FHB. 

In order to breed disease-resistant cultivars efficiently, an appropriate system for the selection for the disease is essential. Accuracy of 
evaluation of the disease or the resistance genes may vary depending on the year or other environmental conditions. A considerable amount of 
labor may be required to evaluate certain kinds of diseases. Recently, we have developed a method in which molecular markers are used for 
the selection, instead of selecting resistant lines in breeding fields. That is, differences in the DNA level between resistant and susceptible 
lines are used for the selection. Once molecular markers for resistance genes are identified, it is possible to perform a very reliable selection, 
because molecular markers themselves are never affected by environmental conditions. 

Emphasis is currently placed on the development of molecular markers for FHB and yellow rust diseases in wheat. There are various types of 
resistance genes for yellow rust. The most important genes in the breeding program at CIMMYT are those which exert relatively small effects 
and confer a resistance at the adult plant stage. Most of these genes are considered to confer a durable resistance and they are 
race-non-specific. Therefore, the use of molecular markers is considered to be more effective than for major genes. 

Evaluation for FHB is often affected considerably by the environmental conditions. Resistance to FHB is classified into at least three types, as 
follows: 1) resistance to fungal penetration into wheat tissues, 2) resistance to fungal spread within spikes and 3) ability to degrade the toxin 
produced by the fungi. Each type of resistance requires different and laborious evaluation systems. 

Since FHB damage has been a major problem in Japan for many years, Japanese wheats are one of the several resistance sources to FHB in 
the world. Many highly resistant cultivars have been identified among Japanese cultivars, and we are using such resistant cultivars to tag the 
resistance genes in the collaborative studies at CIMMYT. As one Japanese wheat played an important role in the Green Revolution, another 
Japanese wheat germplasm may again contribute to the breeding of FHB-resistant wheat cultivars for developing countries. 
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Development of effective selection method for highly disease-resistant wheat by using DNA markers 



CIMMYT Headquarters (front) 



Variation of resistance to FHB in the recombinant inbred lines 
derived from Emblem x Saikai 165. From left to right: 
susceptible to resistant. 
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Water Quality and Carbon and Nitrogen Budgets in Intensive Prawn Farms 
in Freshwater Areas of Thailand 


Junya Higano* and Phongchate Pichitkul * 2 

*Fisheries Division, JIRCAS and Faculty of Fisheries, Kasetsart University, Thailand 

The Giant Tiger Prawn ( Penaeus monodon Fabricius 1798) is Thailand's major export commodity: annual production exceeded 280,000 tons 
in 1995. However, extensive discharge of organic substances from prawn farms is causing environmental damage to surrounding areas, 
resulting in decreased production and increased frequency of disease outbreaks. Uneaten feed and feces are key problems since they are the 
major sources of organic effluent and sediments. It is necessary to evaluate the carbon and nitrogen cycles in conventional prawn farming 
practices to promote the development of sustainable aquaculture techniques. The purpose of this study was to analyze the changes in water 
quality and their correlation with the carbon and nitrogen budgets in a closed pond system. 

The field survey was conducted in two earthen ponds in a private prawn farm in Bang Len District, Nakhon Pathom Province, Thailand. Pond 
1 was 6,400 m 2 in area and square-shaped, and Pond 2 was 3,200 m 2 in area, with an irregular shape. The initial stocking densities for Pond 1 
and Pond 2 were 52 and 69 individuals/m 2 , respectively. Prawn culture period extended from mid-January to the end of May 1998. Pond 
water consisted of concentrated salt water transported from salt fields, diluted with fresh water from irrigation canals. The pond water was not 
replaced or discharged until prawn harvest. 

Throughout the culture period, the water temperature, salinity, pH, amount of dissolved oxygen and turbidity were measured weekly at the 
center and the edge of the pond and the contents of inorganic nitrogen, phosphorus, etc. were also analyzed. Feed, prawn and sediment 
samples were dried and pulverized prior to chemical analysis. The carbon and nitrogen contents were measured using an NC analyzer. 

The water temperature gradually increased from January - February (the cool season) to March - May (the hot season). The temperature in the 
afternoon was 1 - 3 °C higher than in the morning. This difference tended to decrease in the last two months. During the culture period, the 
highest temperature exceeded 35 °C. The initial salinity of the water was 7-10 (psu), which decreased upon the addition of fresh water until 
the intended salinity level of 2 was reached. At the start, the pH value was stable at 7.5 - 7.6 in both ponds throughout the day. After two 
weeks, the pH in the afternoon was higher than in the morning and this trend became more pronounced after March. In the center of the 
ponds, fluctuation of pH was greater than at the edge, occasionally exceeding a value of 9. The changes in the dissolved oxygen level 
followed the same pattern as those of the pH: close to saturation in the morning and showing supersaturation in the afternoon under a working 
paddle wheel. Chlorophyll concentration rapidly increased after two months, ultimately exceeding 500 pg/1. The type of phytoplankton bloom 
observed was strongly associated with the changes of the pH and amount of dissolved oxygen. Total ammonia concentration exceeded 1 
mg-N/l at the start. After the second week, the concentration decreased except for abrupt increases caused by phytoplankton mortality. 

The survival rates of prawn in Pond 1 and Pond 2 were 80% and 43% and production rates were 0.75 kg/m 2 and 0.53 kg/m 2 , respectively. 
Whereas the commonly used Feed Conversion Ratios (FCRs) expressed as wet weight were 1.58 and 1.71, the FCRs expressed as dry weight 
were 5.49 and 6.62 (Fig. 1). The results of the element analysis indicated that 16 - 19% of the carbon composition of feed was converted into 
prawn, 60 - 72% was converted into sediments, and the loss to water and air was 12 - 21%. The rate of nitrogen composition of feed was 25 - 
30% converted into prawn, 46 - 54% into sediments, with a loss to water and air of 21 - 24%. 
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These results indicated that the production of 280,000 tons of P. monodon also led to the production of 138 - 156,000 tons of carbon and 20 - 
23,000 tons of nitrogen that were discharged into the environment as wastewater and contaminated soil. We need therefore to consider the 
fate of these wastes and develop effective ways of reducing them. We have started a polyculture experiment between P. monodon and 
bivalves which are assumed to act as biofilters. 

Note: prawn culture in freshwater areas was banned at the end of December 1998 as a result of its damaging effects on agricultural land, 
specifically damage caused by salinity. 



Discharge of water by pumping 
water when P. monodon was 
harvested 
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Mitigating NO Emission from Soils by Deep Application of Fertilizers 


Yasukazu Hosen and Kazuyuki Yagi 

Environmental Resources Division, JIRCAS 

To increase food production, the rate of chemical fertilizer application to arable land has been rising rapidly in developing regions, which 
could lead to harmful effects on the environment. For example, China has been the largest consumer of chemical fertilizer in the world since 
1989 and many environmental problems have resulted due to the excessive load of nutrients on agricultural land, in particular nitrogen. To 
address such problems in China, JIRCAS launched a 7-year collaborative research project entitled "Evaluation and Development of Methods 
for Sustainable Agriculture and Environmental Conservation" since 1997. This project covers four major agricultural regions in China and 
both field experiments and local analyses are conducted at representative sites of each study area. 

To support this project, experiments have also been carried out at JIRCAS in Japan. The objectives of these experiments are (1) to develop 
methods for quantifying total nitrogen cycling in arable land, including gas exchange between the pedosphere and the atmosphere, and soluble 
nutrient exchange between the pedosphere and the hydrosphere, and (2) to develop key technology for minimizing the impact of agricultural 
activities on the environment. As for (2), the possibility of mitigating nitric oxide (NO) emission from soil was suggested. 

NO is known to be a cause of photochemical atmospheric pollution, acid rain, and is linked to increased tropospheric ozone, one of the major 
greenhouse gases. Arable land should not be overlooked as a source of NO, because global annual NO emissions from soil are in the order of 
10 Tg NO-N, about half the amount contributed by fossil fuel combustion processes to the annual global NO-x budget. We focused our studies 
on the effect of depth of fertilizer placement in an attempt to develop a method for mitigating NO emission from upland fields. 

Firstly, a numerical model was designed based on pre-existing survey data of soil NO concentration profiles in Andisol upland fields. Based on 
this model analysis, the possibility of deep application of fertilizer to mitigate NO emission was pointed out. Secondly, the estimated results 
were verified in a laboratory experiment with soil columns. Topsoil from an Andisol whose moisture weight percentage was 49 (+0.9)% was 
put in cylindrical PVC tubes, 1.03 m in height and 0.194 m in internal diameter, at the bulk densities of 0.60 and 0.75 Mg nr 3 and at the depths 
of 0-20 and 20-100 cm, respectively. As nitrogen fertilizer, ammonium sulfate (200 kgN ha -1 ) was applied at the depths of 0-10, 5-15 or 10-20 
cm in soil columns in duplicate. No water had been supplied to the soil columns for 15 days after fertilizer application. Then, the groundwater 
level was set at the depth of 100 cm. Soil gas was collected from sampling tubes installed in each soil column at intervals of 5 cm. Gas 
emission rate from the soil surface was determined by the closed-chamber method. This experiment was carried out in a thermostatic chamber 
(22.2+0.6°C). The results obtained from this experiment supported well our findings from model analysis. All the NO concentration profiles in 
soil showed a sharp peak at each fertilized site within 29 days after fertilizer application. Fig. 1 shows that the NO concentration in soil 
decreased abruptly as the distance from the fertilized site increased at 15 days after fertilizer application. These findings imply that NO is 
produced mainly at the fertilized site, but does not diffuse widely in the soil columns, because of the high NO-uptake by soil. As a result, the 
NO concentration gradient near the soil surface decreased when the depth of the fertilized site increased (Fig. 1). Consequently, the NO 
emission rate from soil columns fertilized at 10-20 cm depth during a period of 29 days after fertilization was reduced to almost the same rate 
as that of the unfertilized one, which was equivalent to 0.9-20% of the value from the fertilized columns at the depth of 0-10 cm (Fig. 2). 

These results indicated that a lower amount of NO was emitted from soil when the distance between the fertilized site and the soil surface 
increased. 

Our findings demonstrate that NO emission from arable land could be mitigated by applying fertilizer deeper into the soil, in other words, by 
designing an unfertilized soil layer near the soil surface. We carried out field experiments to verify our findings from the laboratory 
experiment and to examine the possibility of application to field management as a mitigating technology, by using a system to monitor nutrient 
leaching in soil as well as gas emissions. The system enables to evaluate the effects of fertilizer treatment on the impact on the environment 
and to develop new technologies for mitigating the impact while sustaining crop yield. The environment-friendly technologies developed in 
this study will be applied to agriculture in developing regions. 
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NO concentration in soil (ppbv) 


Mitigating NO Emission from Soils by Deep Application of Fertilizers 



Fig. 1. Concentration profiles of soil NO at 15 days after 
fertilizer application at different depths. 



Fig. 2. Time course of NO emission rates after 
fertilizer application at different 
depths. 
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Draft: Mrch 5, 1999 


EMBRAPA/JIRCAS Joint Workshop on Agro-Pastoral Systems in South 
America 


The research project entitled "Comprehensive Studies on the Development of Sustainable Agro-Pastoral Systems in the Subtropical Area of 
Brazil" has been implemented since 1996. This research project is focused on the development of sustainable farming systems with high 
productivity in environmentally degraded areas in the subtropical zone of Brazil, with emphasis placed on land utilization through the 
adoption of crop-pasture rotation systems. For this purpose, the studies are being carried out in collaboration with the National Center for 
Beef Cattle Research (EMBRAPA-CNPGC) and Japan International Research Center for Agricultural Sciences (JIRCAS). 

The workshop titled: "EMBRAPA-CNPGC/JIRCAS Joint Workshop on Agro-Pastoral Systems in South America" was held in Campo 
Grande, Brazil on December 7 and 8, 1999. After Dr. A. Boock, Director General of CNPGC, delivered the opening address, 10 papers were 
presented in research areas covering crop and pasture management, maintenance of soil fertility and economic evaluation of the systems. In a 
field tour which was organized during the meeting, the participants observed the experimental fields of CNPGC for the "Agro-Pastoral" 
project. From 5 countries, 35 scientists participated and reviewed the results obtained until now during the implementation of the project as 
well as other related studies, and discussed the future strategy and orientation of the project. In the closing remarks, Dr. N. Maeno, Director 
General of JIRCAS, reminded the participants of the potential of agro-pastoral systems to alleviate the food problem and environmental 
concern on a global scale and emphasized the importance of the multidisciplinary approach to achieve the objectives of this project. The 
proceedings of this workshop will be published this year. 

(Makie Kokubun) 
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Dr. Masaaki SUZUKI, a soil scientist, became Director of JIRCAS's 
O ki nawa Subtropical Station on March 1, succeeding Dr. Shigeo Yashima who 
was appointed Professor of Faculty of Bioresources, Mie University. Dr. Suzuki 
was in charge of JIRCAS's Thai Office (at the Department of Agriculture of 
Thailand (DOA) from June 1, 1996. 
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Tsukuba: Long term (2 years at JIRCAS HQ) 


JIRCAS Fellowship 

JIRCAS Fellowship Program: Welcoming New Visiting Researchers 


Eighteen Visiting Researchers are participating in the JIRCAS 2000 Visiting Research Fellowship Program to 
carry out collaborative research at Tsukuba and Okinawa. 


Tsukuba: Short-term (5months at National Institute for Agrobiological Resources) 

Yoon Mun Sup 

National Seed Management Office, 
Rural Development Administration, 
Republic of Korea 

Genetic diversity in the Vigna angularis complex 

Badraldin Ebrahim 
Sayed-Tabatabaei 

University of Tehran, Iran 

Genetic variation of wild (H. vulgare ssp. spontaneum) and 
cultivated (H. vulgare ssp. vulgare ) barley from Iran based on a 
DNA region linked to the vrsl locus 

Liu Qingchang 

China Agricultural University, P. R. 
China 

Production of cell-induced sweet potato mutants for table and 
vegetable uses 

Natalya v. Alpatyeva 

N. I. Vavilov Research Institute of 

Plant Industry, Russia 

Genetic diversity of cereal crops revealed by DNA polymorphism 

Tsukuba: Long-term (2 years at JIRCAS HQ.) 

Malik Ashiq Rabbani 

National Agricultural Research 

Centre, Pakistan 

Analysis of plant responses to environmental stresses and gene 
expression 

Yin Changbin 

Institute of Natural Resources and 
Regional Planning, P. R. China 

Studies on regional food production, marketing and consumption 
in China 

Najeeb S. Alzoreky 

Sanaa University, Yemen 

Analysis and evaluation of biological activity of indigenous edible 
plants 

Thanawan Boonpunt 

Kasetsart University, Thailand 

Studies on changes in the physicochemical properties of rice grain 
during post-harvest processing 

Okinawa: Long-term (1 year at JIRCAS Subtropical Station) 

MD. Khalilur Rahman 

University of Dhaka, Bangladesh 

Subsurface drip irrigation of some vegetable crops 

Lauro Gumasing 
Hernandez 

Soils Research and Development 

Center, Philippines 

Effect of subsurface "drip fertigation" on Chinese cabbage tipbum 

Sayed Fathey El-Sayed 

Cairo University, Egypt 

Genetic studies on heat tolerance in snap bean ( Phaseolus 
vulgaris ) plants 

Nguyen Thi Lang 

Cuulong Delta Rice Research 

Institute, Vietnam 

QTL mapping for rice salt tolerance genes and their evaluation 

Werapon Ponragdee 

Field Crops Research Institute, 

Thailand 

Intergeneric crossing in sugarcane for higher environmental 
tolerance 

Lin Tong-Xiang 

Institute of Subtropical Pomology 

Fujian Agricultural University, P. R. 
China 

Analysis of DNA markers in Dimocarpus longan and development 
of test kit 

Liu Xiaochuan 

China National Rice Research 

Institute, P. R. China 

Tagging heterosis traits with molecular markers in rice 
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Tsukuba: Long term (2 years at JIRCAS HQ) 


Ishwar Singh 

Indian Institute of Sugarcane 

Research, India 

Physiological and molecular characterization of heat tolerance in 
tomato and tobacco (transgenic of sHSP) 

Maribel Regia Quintana 
Sanz 

Institute of Pastures and Forages 
Research, Cuba 

Sucrose phosphate synthase gene expression in sugarcane 

Fan Shuguo 

South China Institute of Botany, P. R. 
China 

Molecular analysis of NaCl-tolerant and LiCl-tolerant suspensions 
of rice (Oryza sativa L. cv. Taipei 309) 
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whatsjircas 

Overview of JIRCAS 


□Objectives and Past Accomplishments 

Global problems are increasingly impacting world food security. These include continued world 
population growth, deterioration of environments, and destruction of cultivated lands. Even more 
intensive efforts than ever before are essential to solve these problems. The promotion of sustainable 
agriculture, forestry and fisheries in harmony with natural ecologies is a critical need. 

The demand for food is increasing in a large number of developing countries due to both population 
increase and improved diets. At the same time, where agricultural and fisheries productivity has 
remained low, food supplies remain unstable and serious problems of hunger and poverty continue to 
persist. To address these critical needs, the Japan International Research Center for Agricultural Sciences 
(JIRCAS) promotes research aimed at achieving a stable global food supply and ensuring sustainable 
agriculture, forestry and fisheries in harmony with the environment. It carries out interdisciplinary 
research on biological and social aspects of agriculture, forestry and fisheries, and undertakes 
collaborative projects with institutions of developing countries as well as international organizations. 

JIRCAS was established on October 1, 1993, through the reorganization of the former Tropical 
Agriculture Research Center founded on June 1, 1970. From this year, on April 2001, it has become an 
independent administrative institution. JIRCAS is making many active contributions internationally to 
address the agricultural, forestry, fisheries, food and environmental problems of the world, with a focus 
on developing regions. 

□Main Activities of JIRCAS 

1. Conducts collaborative research with developing countries, primarily through sending JIRCAS 
researchers. 

2. Conducts experimental research in Japan to support research topics of international relevance. 

3. Creates opportunities for scientists in developing countries to do collaborative research in Japan, by 
inviting research fellows from countries collaborating with JIRCAS. 

4. Collects, analyzes and publishes information of relevance for research in developing regions. 

5. Organizes international symposia and workshops. 

6. Participates in research planning and offers technical support, counseling and aid to developing 
countries. 

7. Serves as a think-tank for technology research focused on food supply, environmental problems, and 
related issues. 

u Organization 

^ President Takahiro Inoue 
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Vice President Yoshinori Morooka 
& Executive Advisor & Auditor Kunihiko Kato, Akimi Fujimoto 
^ Research Planning and Coordination Division 

Research Planning Section, Research Coordination Section, International Relations Section, International 
Research Coordinator, Public Information Officer, Publication and Documentation Section, Field 
Management Section 

^ Administration Division 

General Affairs Section, Accounting Section, Overseas Staff Support Section 

▼ Development Research Division 

Development Research Coordinators Regional Trend, Supply and Demand Situation on Food, Farming 
System, Information System 

V Biological Resources Division 

Genetic resources Utilization, Biological Functions Development, Breeding Methodologies 
^ Crop Production and Environment Division 

Crop Management, Plant Protection, Plant Physiology and Nutrition, Material Cycling, Water Resources 
Management 

Animal Production and Grassland Division 
Animal Production, Feed Resources, Tropical Diseases of Animals 

V* Food Science and Technology Division 
Quality Assesment, Distribution and Processing 

▼ Forestry Division 

Rehabilitation of Degraded Forestlands, Utilization of Forest Resources 
^ Fisheries Division 

Aquaculture, Fisheries Resources Development, Coastal Environment 

▼ Okinawa Subtropical Station 

Associate Director for Research, International Collaboration Section, Administration Office, Island 
Environment Management Laboratory, Environmental Stresses Laboratory, Crop Breeding Laboratory, 
Tropical Fruit Crops Laboratory, Plant Protection Laboratory, Field Management Section 
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+ What’s New 

Back to JIRCAS home page 
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Message from the President 

n 

■ President 

H / Takahiro Inoue 

A new JIRCAS-structural reorganization 

Implications of the new organization 

On April 1, 2001, under the Japanese Government's administrative reform calling for the reorganization of 
government-affiliated research organizations, the Japan International Research Center for Agricultural 
Sciences (JIRCAS) became an Independent Administrative Institution (a semi-autonomous agency) under the 
supervision of the Ministry of Agriculture, Forestry, and Fisheries of Japan (MAFF). 

The introduction of the new system of Independent Administrative Institutions (IAI) is at the core of the 
administrative reform. This system has been introduced to enhance the effectiveness, quality, and 
transparency of technological development by splitting the administration into its implementation functions 
and its planning and drafting functions. By converting the implementation functions of the national research 
institutions to the IAI system, each institution has gained its own independent judicial status. Therefore, under 
the new system, JIRCAS will conduct not only autonomous and flexible programs, but also commit itself to a 
strict ex post facto evaluation and review of its performance, as well as disclosure of various institutional 
issues. 

The new mandate given to JIRCAS by the Japanese Government does not fundamentally change the 
previous mandate, in which JIRCAS was entrusted with the mission of promoting the development of 
sustainable agriculture, forestry, and fisheries compatible with environmental preservation in developing 
regions of the world. Although the demand for food is increasing due to population increases and 
improvements in dietary habits, agricultural production remains at a low and unstable level in many 
developing countries. As a result, hunger and poverty remain prominent issues. Moreover, concern for the 
deterioration of the global environment has generated the need for the development of sustainable systems of 
agriculture, forestry, and fisheries that are non-destructive to natural ecosystems. 

The most distinctive features of the new IAI system are, first, semi-autonomy with limited control from 
outside institutions, and second, ex post facto performance evaluations, the results of which each IAI uses to 
plan subsequent activities. Under the new system, MAFF presents to JIRCAS mid-term objectives, a list of 
goals that the "New JIRCAS" is expected to achieve during a five-year period. The mid-term objectives 
include issues related to the enhancement of the efficiency of research activities, improvement of the quality 
of research programs, and financial performance. Based on the mid-term objectives, the IAI drafts a mid-term 
plan to achieve these objectives autonomously. 

The IAI Evaluation Committees, established under MAFF and composed of experts not belonging to the 
public sector, will also periodically review the performance of IAI research activities. Each fiscal year, an IAI 
Evaluation Committee will investigate and analyze the progress made on the previous year's mid-term 
objectives. The results of evaluation will be subjected to operational and financial modification the following 
fiscal year. 


' 
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Since the research activities need to be fully executed, the government will allocate, within budgetary 
limitations, most or all of the financial resources required to carry out the defined objectives. In addition, 
JIRCAS will make utmost efforts to gain supplementary financial support from such sources as other 
governmental offices or the private sector to fulfill the mid-term objectives. 

Roles and research strategy 

Given that the role of JIRCAS is to promote the advancement of agriculture, forestry, and fisheries in 
developing regions of the world through integrated collaborative research programs, the "New JIRCAS" has 
established the following priorities for research strategy. The first is to develop production and utilization 
systems in sustainable agriculture, forestry and fisheries in harmony with the environment by conducting 
research on such topics as stress-tolerant crops, technologies for preserving arable land environments, new 
farming systems for ensuring profitability of producers, and technologies for efficient postharvest 
management and utilization. The second priority is to rehabilitate, maintain, and improve the utilization of 
natural resources, with emphasis placed on tropical forest and coastal ecosystems. 

In order to complete the mid-term objectives adhering to the above research strategies, the "New JIRCAS" 
plans to conduct and take full advantage of (1) international collaborative research programs in developing 
regions, dispatching researchers on long- and short-term bases, (2) collaborative research with researchers 
from developing regions, (3) domestic research that will further enhance international collaboration, (4) 
accumulation and analysis of research information for supporting collaborative work, (5) international 
symposia, workshops and seminars, (6) technical assistance relating to food and environmental issues, and (7) 
functioning as a think tank for advisory committees of national organizations involved in overseas 
development. 

In conclusion, the reorganization of JIRCAS into an LAI makes it possible for JIRCAS to gain more 
flexibility in the implementation of its research programs. The reorganization will also transform hiring 
procedures, enabling JIRCAS to recruit researchers from universities or institutes that do not belong 
exclusively to the public sector, and the financial aspects of the institution, since funds can now be obtained 
from both the public and private sectors. At the same time, the strict evaluations by the Evaluation Committee 
may enhance the quality of the research programs and lead to a more efficient utilization of financial 
resources, ultimately furthering collaborative activities compatible with the needs of developing regions. 


HOMH BACK 
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Research Planning and Coordination Division 
u Director Akinori Noguchi 

The Research Planning and Coordination Division in itself does not act as a 
research division but rather serves to oversee and support the activities of the 
Research Divisions and Okinawa Subtropical Station. The Division consists of 
four sections which are the Research Planning Section, the Research 
Coordination Section, the International Relations Section, and the Publication and 
Documentation Section. In addition, a International Research Coordinator and a 
Pulic Information Officer are assigned to the Division. 

In order to promote the implementation of research programs both overseas and 
in Japan, the first 3 sections are responsible for the overall planning of JIRCAS 
research projects, dispatching of researchers on long-term or short term bases, 
implementing programs for the invitation of researchers and administrators, and 
coordinating with international and domestic institutions and agencies. The 
Publication and Documentation section is responsible for the collection, 
classification, and supply of bibliographic materials from both overseas and 
domestic sources, as well as the release of public relation materials. The 
International Research Coordinator manages the comprehensive projects. The 
Public Information Officer is responsible for the publications of JIRCAS. 

^ Continue to Administration Division 
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Administration Division 


u Director Katsuyuki Kiryu 

The Administration Division consists of three sections: the General Affairs 
Section, the Accounting Section, and the Overseas Support Section. The General 
Affairs Section is responsible for the management of official documents, 
personnel-related matters, and social affairs pertaining to JIRCAS staff. The 
Accounting Section handles overall accounting, all budgeting, settlements, and 
wage distribution. Lastly, the Overseas Support Section is in charge of all matters 
pertaining to JIRCAS overseas operations, which includes general international 
affairs, overseas expenditures, and overseas shipments of equipment and 
materials. 

Continue to Development Research Division 
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Development Research Division 
y Director Kazuyuki Tsurumi 

This division gathers and analyses information and data on the natural and social environments, the macro economies, and 
the agriculture, forestry and fisheries sectors of developing regions throughout the world. Using these data, it carries out 
research aimed at developing a global food security data collection system and a world food supply forecasting model. 

Another activity of this division is the assessment of current farming systems and development of improved systems in 
representative priority regions. 

The division also carries out research to identify the directions of technology development most likely to meet future 
needs, and contributes to the establishment of a comprehensive research strategy for JIRCAS. 

^ Continue to Biological Resources Division 
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Biological Resources Division 
w Director Masaru Iwanaga 

The division masters the latest research techniques of the biotechnology and develops breeding materials 
and breeding methodology in order to ensure the effective utilization of genetic resources of the plants that 
play important roles in food production and environmental problems in the developing regions. 

^ Continue to Crop Production and Environment Division 
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Crop Production and Environment Division 
u Director Osamulto 

The division carries out research to develop the sustainable agricultural 
technologies in consideration of harmony with the natural ecosystem and 
environmental conservation on global scale through effective utilization of 
diversified functions of crops and microbes, and appropriate utilization of natural 
resources. 

^ Continue to Animal Production and Grasslands Division 
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Animal Production and Grasslands Division 


u Director Toshiaki Taniguchi 

The division aims to develop sustainable animal husbandry technologies in 
harmony with the natural, social and economical conditions of the developing 
regions. In order to achieve these, the division is carrying out researches for the 
development of feed resources, improvement of pasture management and 
livestock feeding, and control of important diseases of animals. 

^ Continue to Food Science and Technology Divison 
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Food Production and Technology Division 
y Director Toru Hayashi 

The division evaluates the safety and nutritional characteristics of food resources, and 
acts to minimize the qualitative and quantitative losses through development of 
techniques in the conformity to the actual circumstances of developing countries. 

In addition it develops techniques to evaluate food qualities and technologies 
concerning with the distribution and processing for the purpose of improving the 
incomes of the farmers. 

^ Continue to Forestry Divison 
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Forestry Division 
□Director Kiyoshi Nakashima 

The division carries out research on the technologies for the sustainable forest 
management, proper utilization and processing of the forest resources in the developing 
regions. 

^Continue to Fishery Division 
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Fisheries Division 
y Director Masachika Maeda 

The division carries out research to develop the techniques for the management and 
sustainable utilization of marine fisheries resources, and to promote the aquaculture 
utilizing the new varieties of fishes. 

In addition, it conducts experiments on the utilization, processing and transportation 
of marine and fresh water fishes, and the preservation and restoration of the coastal 
environment. 

^ Continue to Okinawa Subtropical Station 
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Okinawa Subtropical Station 
y Director Masaaki Suzuki 

The substation carries out researches on the heat tolerance and breeding of tropical and 
subtropical crops, farming, utilization and diseases resistance of tropical fruits, and 
environmental management techniques for intensive agriculture by taking advantage of 
the special subtropical climatic conditions due to its geographical location. 

^ Back to the contents (Overview of JIRCAS) 


^ Back to JIRCAS home page 
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11812002 


Updated: Sept. 


^Research Topics (Japanese) 

^ Studies on the control of the injurious nematode to soybean in Paraguay. 

• 9th JIRCAS International Symposium 

Value-Addition to Agricultural Products - Towards increase of farmers' income and vitalization of rural 
economy - 

Mvewly Released Publications 

• JIRCASNewsletter (No. 3 2) 

• JARQ (Japan Agricultural Research Quarterly) ( Vol.36-3 ) 

• JIRCAS Journal (No. 10) (Contents) 

• JIRCAS Working Report (No.23) 

_ Ivisiting Research Fellow Program 

Tsukuba Fellows Program 
^ Okinawa Fellows Program 


+ What’s JIRCAS 
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kansou(e) 

GENES ESSENTIAL FOR MOLECULAR BREEDING OF 
DROUGHT TOLERANT PLANTS WERE ISOLATED. 


Plant genes for transcription factors were isolated that control expression of genes involved in drought tolerance. 
Regulatory elements in promoters were also identified that control drought responsive gene expression. These 
transcription factors and promoters are expected to be useful for molecular breeding of drought tolerant plants by 
regulating number of genes involved in drought tolerance. 


Strategies to develop crops that are tolerant to drought stress Novel promoters control drought-responsive expression of 

GUS reporter gene 
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Feature article 


Offshore Environmental Research 



Masachika Maeda 

Director, Fisheries Division, JIRCAS 

The argument for protecting the environment is based on the fear that the biotopes will be unable to withstand the disturbances caused by 
human activities, along with a deep concern for the future generations, in particular the under-privileged groups in the society. 

Despite the development and use of modem measurements and technologies, far too little is actually being done for the promotion of 
sustainable development. There is not even a clear agreement as to what sustainable development is. Under these conditions, to enable the 
development of common standards for sustainable production in the field of agriculture, forestry and fisheries, scientific research will play a 
crucial role. 

Coastal zones sharply illustrate the problems and policy challenges faced locally as well as on a global scale. These zones are under 
increasing environmental pressure and are showing an unacceptable level of environmental degradation as a result of population growth, 
urbanization, reckless adoption of aquaculture and other multiple and often conflicting changes in resource utilization. The alleviation of 
these problems and the adoption of practical and sustainable economic development policy objectives will require innovative policy 
responses. Integrated coastal zone management (ICZM) is one of such comprehensive policy/management options. ICZM requires the 
formulation of a wide range of general principles, as well as the combination of economically efficient and sustainable resource utilization 
with prevention strategies. 

In many coastal areas, maintenance or expansion of the regional economy is a major, often the primary, objective. However, the benefits 
associated with the development in coastal economies, such as tax revenues, tourist expenditures, and employment may be reduced as a result 
of the deterioration of water quality. 

In the context of regional and area economic development, the objectives of ICZM can be expressed in two forms: the negative and positive 
aspects. On the negative side, people will have to bear the costs of normal production, net coastal management, discharge reduction, 
mangrove or beach restoration, coastal protection, cost for repair of existing damage and the administrative cost of management. The positive 
factors include improved income from increased gross regional product combined with benefits from improved environmental quality 
processes which are an international focus of interest. For example, by using natural microbial foods and taking advantage of the capacity of 
highly productive mangrove ecosystems to absorb effluents, aquaculture can become an eco-friendly process (Fig. 1), that will provide the 
fishermen with a higher income in the long term. 

In addition, we should remember the words of the famous novelist Ryotaro Shiba: "People of the late 20 th century, having gained the 
knowledge that they are merely one part of Nature, have again begun to fear Nature in the way people feared the gods in ancient times. The 
period in which man regards himself as master of Nature will come to an end as we draw increasingly close to the 21 st century. Human 
beings do not live on their own, but are kept alive by a great presence." 
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Fig. 1. Use of natural food chain and coastal purification procedures for aquaculture. 
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The International Centre of Insect Physiology and Ecology (ICIPE), based in Nairobi, Kenya, was established in 1970 as an advan 


Collaborative Research Projects between ICIPE and JIRCAS 


Satoshi Nakamura 

Crop Production and Postharvest Technology Division, JIRCAS 

The International Centre of Insect Physiology and Ecology (ICIPE), based in Nairobi, Kenya, was established in 1970 as an advanced research 
institute amidst growing global concern about the misuse and overuse of synthetic pesticides. ICIPE was registered as an intergovernmental 
organization in 1986, with governance through a 16-member international Governing Council. Due to its broader mandate encompassing health and 
environment as well as agriculture, ICIPE has remained outside the CGIAR system, whose work is primarily commodity-oriented. Interested donors 
judiciously established a Sponsoring Group (SGI) in 1980 to help guarantee scientific excellence and funding. 



Building of ICIPE 


Sign at the entrance of ICIPE 


Today, ICIPE continues to follow its original mandate of developing technologies to alleviate world poverty and to ensure food security and good 
health for the peoples of the tropics through management and control of both harmful and useful arthropods. The Centre's current objectives aim at 
improving and promoting the activities of the "4H's" (human, animal, plant and environmental health) interdisciplinary teams of scientists engaged 
in research related to ecosystems science, behavioral biology and chemical ecology, molecular biology and biotechnology and social sciences. 
Research support is provided by biomathematics, animal breeding and quarantine and biosystematics units, and computer and information services. 
The 360-strong staff members originate from 19 countries, primarily in developing regions. Programs are mainly focused on plant pest 
management, disease vector management, insect biodiversity conservation and utilization, and capacity building from post-doctoral to farmer level. 

Collaboration is a by-word at ICIPE, with partners from 45 universities throughout the world, including 30 African universities in ARPPIS (The 
African Regional Postgraduate Programme in Insect Science), other IARCs and CGIAR centres, more than 20 advanced research institutions, 
NARS in Africa and beyond, and NGOs. 

JIRCAS is one of these partners and JIRCAS-ICIPE collaborative research started from 1994 and then the project: "Biorational Approaches to 
Long-term and Sustainable Management of Desert Locusts in East and North Africa" was conducted during the period 1995-1999, which produced 
fruitful results on the mechanism of change from the "solitary" to harmful "gregarious" phase of desert locusts, based mainly on physiological and 
endocrinological studies. Presently these studies are being taken over to the new five-year project: "Physiological and Ecological Studies for the 
Development of IPM for Economically Important Pests in Africa" funded by the Ministry of Agriculture, Forestry and Fisheries of Japan. 

Besides locusts, another objective of the new project is to focus on the biological control of stemborers of staple cereals in East Africa. The spotted 
stemborer, Chilo partellus, an exotic cereal pest that was accidentally introduced into Africa from Asia in the 1930s, has been responsible for crop 
losses of up to 80%. A natural enemy of the stemborer, a parasitic wasp Cotesiaflavipes, was imported by ICIPE from Pakistan in 1991 and has 
been found to be one of the most effective biological control agents for this destructive pest. However, for further suppression of stemborer 
densities, other promising natural enemies will be studied and introduced in the near future. 
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Nymphs of Schistocerca gregaria 

(Photo by S. Tanaka, Natl. Inst. Sericult. Entomol. Sci.) 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2000/No.23/03Nakamura.htm (2 of 2) [10/7/2002 8:49:09 PM] 






Oil palm is one of important plant in Malaysia and some other tropical countries in South-East Asia 


Utilization of Oil Palm Residues as a Raw Material for Pulp and Paper 


Ryohei Tanaka 

Forestry Division, JIRCAS 

African oil palm, Elaeis guineensis, is one of the most important plants in Malaysia. It produces palm oil and palm kernel oil, which are 
widely used in food and other industries such as detergents and cosmetics. Malaysia is the world's largest producer and exporter of the oil, 
accounting for approximately 10% of the world's oil and fat production (1998). The total area of oil palm plantations is close to 3.2 million 
hectares, which account for almost 50% of the land under cultivation in Malaysia. 

Although oil from the palm tree is an excellent product for the country, residues from oil palm have not been used sufficiently. One of the 
abundant lignocellulosic residues consists of empty fruit bunches (EFB), which are left behind after removal of oil palm fruits for the oil 
refining process at palm oil refineries. Tons of EFB are discharged from each refinery regularly, amounting to 16 million tons per annum in 
the year 2000. Some of them are used as fuel at the factories, but most of them are left unused. 

Converting this lignocellulosic waste to paper-making pulp is a promising way of utilization, as the consumption of paper is increasing 
dramatically in the Southeast Asian countries including Malaysia. Several investigations have been carried out on EFB pulping, whereas 
studies on bleaching of EFB pulp have been very limited so far. Collaboration work between JIRCAS and Universiti Sains Malaysia (USM) 
has, therefore, focused on the bleaching of chemical pulp from EFB, especially using total chlorine-free (TCF) methods. 

TCF bleaching was examined for EFB chemical pulps such as kraft, soda and soda-anthraquinone pulps. TCF processes include oxygen (0 2 ) 
delignification, ozone (O 3 ) bleaching, acid treatment, hydrogen peroxide (H 2 O 2 ) bleaching and alkali extraction. It was found that a pulp 
brightness of 75% can be obtained for EFB kraft pulp by a bleaching sequence of C^-acid-C^-H^C^. The brightness is required to be above 
80% for commercial bleached kraft pulp based on JIS Standard. Mechanical properties such as tensile and tear strength of handsheets 
produced from this pulp were found to be comparable to those of hardwood pulps. Furthermore, since the TCF bleaching method removes 
most of the coloring compounds, that is lignin, in EFB, the bleaching ability is assumed to be similar to that of bleaching methods using 
chlorine. Soda pulp and soda-anthraquinone pulp of EFB, which contain less lignin than EFB kraft pulp, have also reached a brightness level 
of 70-75% with a single bleaching stage using 0 2 or 0 3 . This also indicates that the coloring materials in EFB can be easily removed without 
using any chlorine compounds. 

Based on this study, we observed that the total chlorine-free bleaching method can be applied to EFB chemical pulps and that EFB is suitable 
as a raw material of chemical pulp. Although the bleaching and even pulping methods for producing EFB pulp for paper-making have not 
been optimized yet, there is a great potential for the utilization of this oil palm lignocellulosic residue in pulp and paper industries. Currently, 
the world trend in pulp bleaching is toward the application of non-chlorine processes because of environmental concern. Once the oil palm 
by-product becomes a raw material for pulp production, it will be essential to develop TCF bleaching processes in future. 
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Oil palm tree Empty fruit bunch (left), fibrous strands ofEFB (right top) and 

paper sheets made of TCF-bleached EFB pulp (right bottom) 


CONTENTS ► 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl2000/No.23/04Tanaka.htm (2 of 2) [10/7/2002 8:49:12 PM] 




Simple and Rapid Technique for the Identification of an Aromatic Thai Rice Variety (Khao Dawk Mali 105) 


Simple and Rapid Technique for the Identification of an Aromatic Thai 
Rice Variety (Khao Dawk Mali 105) 


Tadashi Yoshihashi 

Crop Production and Postharvest Technology Division, JIRCAS 

In order to meet consumers' demand for food, a large quantity of rice (Oryza sativa L.) is produced in many parts of the world. Aromatic rice 
types, i.e. rice varieties having a stronger aroma than ordinary rice, have become increasingly popular in Southeast Asian countries, Europe 
and the U.S.A. 

An aromatic variety, Khao Dawk Mali 105 (KDML105), is mainly produced in Northeast Thailand. Being recognized for its better quality, 
market demand for this variety has increased both in Thailand and overseas. Although increase of production is urgently needed, the 
cultivation is limited due to infertile and drought-striken sandy soils. Moreover, erratic rainfall at the beginning of the rainy season and labor 
shortage for transplanting are other constraints on the production of KDML 105. As a matter of fact, no objective method for the 
identification of such an aromatic variety has been developed. As a result, varieties different from KDML 105 are often marketed under the 
name of KDML 105. 

In Japan, since rice is distributed as brown rice which can germinate, information about varieties can be obtained. In contrast, in Southeast 
Asia, rice is mainly marketed as milled rice unable to germinate. To identify varieties of milled rice in a mixture with varieties of similar 
appearance, conventional methods such as determination of the length-width ratio are not suitable. 

Molecular marker techniques based on the polymerase chain reaction (PCR), have provided more objective methods for the identification of 
grain varieties. These techniques (i.e., microsatellite analysis, randomly amplified polymorphic DNA (RAPD) and amplified fragment length 
polymorphism (AFLP)) could be very useful for plant-based identification; microsatellite analysis is particularly useful for simple and rapid 
analysis. To apply this technique to milled rice, however, high quality DNA must be extracted from a single grain of milled rice. It is difficult 
to extract DNA, because the main components (starch and proteins) of milled rice show the same solubility as that of DNA. It should be 
emphasized that enzyme-inhibiting polysaccharides often contaminate the "purified" DNA. 

Extracting procedures for simple and rapid identification of grain varieties require breakage of the cell wall, disruption of the cell membrane, 
protection of DNA from endogenous nucleases and finally removal of polysaccharides. 

In our laboratory, we developed a DNA extraction method based on a freeze-and-thaw cycle for extracting purified, high molecular weight 
DNA from grains. The developed technique does not require expensive equipment and materials, and is not a time-consuming procedure. 

Microsatellite analytical method for cultivar identification was used for extracting DNA. We analyzed rice samples obtained from Bangkok, 
Suwannaphum (Northeast Thailand) and Kuala Lumpur markets as well as selected varieties different from KDML 105 (Bangkok and Kuala 
Lumpur market rice samples). Fig. 1 shows the results of microsatellite analysis of market samples on agarose gel. Some of the rice samples 
originating from Kuala Lumpur and Bangkok markets did not match the KDML 105 variety. 

Fig. 1. Agarose gel electrophoresis of DNA fragments amplified from rice market samples by PCR using primer set RM17. 

Arrowheads indicate the position of the amplified fragments of authentic KDML105. 

A simple and rapid method for cultivar identification of milled rice is illustrated in Fig. 2. By applying the improved method, we were able to 
obtain DNA for microsatellite analysis within 2 h and the whole process of identification required 6 h. Time saving and the possibility to 
avoid the use of expensive instruments or toxic chemicals in the present method are an attractive alternative to existing methods of 
identification. The results obtained showed that DNA extracted from tested samples was of high quality and hence could be used in 
PCR-based techniques for cultivar identification even in laboratories with a moderate level of technology. Another feature of this developed 
technique was the saving in time and cost as well as the safety of the procedure. 

Fig. 2. Scheme of rapid DNA extraction and cultivar identification of milled rice. 
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Fig. 1. Agarose gel electrophoresis of DNA fragments amplified from rice 
market samples by PCR using primer set RM17. Arrowheads 
indicate the position of the amplified fragments of authentic 
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Genetic Variation in Amylose Content and Lipoxygenase-3 Activity of Seeds 
from Rice Genetic Resources in Yunnan, China 


Kazuo Ise*, Sun Youquan * 2 and Dai Luyuan * 2 

Biological Resources Division, JIRCAS, * 2 Yunnan Academy of Agricultural Sciences (YAAS), China 

Yunnan province in China is a center for genetic diversity in Asian cultivated rice ( Oryza sativa L.). We studied the biochemical properties of rice 
grains using a wide variety of genetic resources from Yunnan and Japan. 

The amylose content in endosperm starch is a major determinant of eating, cooking, and processing of rice grains. Starch in nonglutinous 
endosperm contains both amylose and amylopectin, whereas starch in glutinous endosperm contains only amylopectin and lacks amylose, or 
contains a small amount of amylose. The eating quality of cooked rice is negatively correlated with the amylose content in nonglutinous rice. 

Cooler temperature during grain filling considerably affects the increase of the amylose content of rice plants cultivated in paddy fields at an 
altitude of 1500 - 2100 m above sea level in Yunnan province. To improve the eating quality, YAAS breeders are implementing a breeding program 
to develop new rice varieties with a low content of amylose. 

We screened 581 varieties from Yunnan (n=376) and Japan (n=205) for the endosperm amylose content (Fig. 1). Yunnan rice showed a 1.7 times 
larger variation than Japanese rice based on the Shannon-Wiener index (H 1 ). Upland rice exhibited the largest variation in the amylose content 
among the varietal groups from Yunnan: Indica paddy rice (H'=0.734), Japonica paddy rice (H'=0.844), and upland rice (H'=0.909). Upland rice 
varieties with a low amylose content (5-11%) are expected to be useful for the breeding of new varieties with improved eating quality in highland 
areas. 


Rice grain deterioration and the development of staleness during storage are serious problems that reduce quality. It is difficult for developing 
countries to construct temperature-controlled warehouses that would help ensure proper treatment of harvested rice. Lipid degradation is considered 
to be responsible for the deterioration during rice storage. Lipoxygenase enzyme catalyzes the oxidation of polyunsaturated fatty acids containing a 
1,4-pentadiene moiety into conjugated hydroperoxy fatty acids. The lack of lipoxygenase in rice grains may contribute to the reduction of oxidative 
deterioration during storage. 

We screened the germplasm collection from Yunnan for the lipoxygenase-3 (LOX-3) content in embryos, by using monoclonal antibodies against 
LOX-3, in collaboration with Dr. Y. Suzuki, National Agriculture Research Center, Japan. We detected 22 varieties that lacked LOX-3, the major 
component among isozymes in rice seeds, after screening 108 varieties from Yunnan rice genetic resources. Most of the varieties that lacked LOX-3 
belonged to upland rice, and to Groups 4 and 6 based on the esterase isozyme genotype of Estl, Est2, and Est3 (Fig. 2). 

Major agronomic features of the varieties lacking LOX-3 include early heading, red and round grains, long culms, and glabrous leaves and hulls. 
These varieties showed a poor agronomic performance in the paddy fields because of severe lodging before harvest. The lack of LOX-3 was 
inherited as a single recessive trait in a cross between CI-115 lacking LOX-3 and Norin 20 having LOX-3. CI-115 is a pure line selected from the 
indigenous upland variety Chongtui. No tight linkage was observed between the lack of LOX-3 and the red pericarp derived from CI-115. 

Varieties lacking LOX-3 could help reduce off-flavor formation in rice stored in warehouses that are not temperature-controlled. We are currently 
developing breeding lines lacking LOX-3 by crossing CI-115 with improved varieties that are agronomically superior. 
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Genetic Variation in Amylose Content and Lipoxygenase-3 Activity of Seeds from Rice Genetic Resources in Yunnan, China 



Fig. 1. Frequency distribution of varieties differing in 
the endosperm amylose content in Japanese rice 
and three groups of Yunnan indigenous rice. 
Varieties with less than 3% belong to glutinous 
rice. 


Fig. 2. Relationship between lipoxygenase-3 

(LOX-3) activity in seeds and rice varietal 
groups based on genotypes of esterase 
isozymes (Estl, Est2, and Est3) in leaves. 
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JIRCAS International Workshop: 


JIRCAS International Workshop: 


"Brackish Water Mangrove Ecosystems - Productivity and Sustainable Utilization" 

February 29 - March 1, 2000, Tsukuba, Japan 

Twenty-one technical papers and 3 panel papers were presented at this workshop, which was attended by 114 participants. The workshop 
focused on the socio-ecological conditions in the Matang, Merbok and Lumut mangrove ecosystems in Malaysia, the main sites of the 
collaborative study entitled "Productivity and Sustainable Utilization of Brackish Water Mangrove Ecosystems," which was carried out in 
Malaysia from April 1995 to March 2000 by JIRCAS, Fisheries and Forestry Agencies in Japan, and the Fisheries Research Institute (FRI), 
the University of Malaya (UM) and the Forest Research Institute (FRIM) in Malaysia. The workshop consisted of 5 sessions: (1) Structure, 
management and reforestation of mangrove areas; (2) Nutrients, plankton and fish species in brackish water mangrove areas; (3) The 
ecological significance of benthic animals in the mangrove forest biotope; (4) Aquaculture in mangrove estuary areas; and (5) General 
Discussion on collaborative work on ecosystem research in brackish water mangrove areas. 

This international workshop was held in the final year of the JIRCAS comprehensive project mentioned above, for which two rivers in 
Matang (the Selinsing and Sangga), one river each in Merbok (the Merbok) and in Lumut (the Dinding) were selected as the research sites in 
Malaysia. The characteristic differences between the three mangrove areas are that the ratios of mangrove forest area to river area are 4.7 in 
Matang, 2.1 in Merbok and 1.1 in Lumut. During this workshop, a wide range of results were reported, including the following: (1) the 
brackish water area of the River Selinsing in Matang was found to be important as a breeding ground for penaeid shrimp, (2) the freshwater 
areas of the River Sangga in Matang act as a feeding site for Arridae spp., (3) areas of the River Merbok are feeding sites for Scianidae spp. 
and (4) the freshwater areas of the River Dinding in Lumut act as a migration site for marine fish species, including Leiognathidae spp. The 
range of species and the ecological features of prawns and benthic animals were also elucidated in the three mangrove areas. Concerning the 
diversity of fish, in the Matang mangrove estuary area, the volume of fish catches was greater than that in the Merbok and Lumut ones. The 
diversity index of fish, however, showed a higher value in the Merbok than in the other two mangrove areas. In the Lumut area, the volume 
of fish catches and diversity index were the lowest of the three areas. 

Socio-economic studies in these mangrove areas have additionally revealed that in well-managed areas, such as the Matang Mangrove Forest 
Reserve, mangrove forests generate significant social and economic advantages. On the other hand, inappropriate management of mangrove 
areas causes socio-economic losses due to the exhaustion of available resources. 

(Masachika Maeda) 


JIRCAS International Workshop 
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JIRCAS International Symposium 


JIRCAS International Symposium 


The 7th JIRCAS International Symposium on "Agricultural Technology Research for Sustainable Development in Developing Regions" will 
be held on November 1-2 at Epochal-Tsukuba in conjunction with the 30th anniversary of TARC-JIRCAS. This is an opportune time to 
re-assess the progress of agricultural development in developing countries and to re-examine the roles and contributions of the different 
actors involved in development, from farmers to national research and extension organizations, non-governmental organizations, the private 
sector, as well as government and international research institutes including JIRCAS. 

For further information, please contact: 

Dr. M. Yajima 

Secretariat of the Organizing Committee for the 7th JIRCAS Symposium: 

Fax: +81-298-38-6348 

E-mail: sympo7@jircas.affrc.go.jp 
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Dr. Masa IWANAGA, a plant geneticist, became Director of JIRCAS's Biological Resources Division on April 

1, succeeding Dr. Tsuguhiro Hoshino who was appointed Director of the Department of Crop Physiology and 
Quality, National Agriculture Research Center. Dr. Iwanaga worked as Deputy Director General (Programmes) 
at the International Plant Genetic Resources Institute (IPGRI), Rome, Italy, for more than seven years. Before 
IPGRI, he worked for CIAT and CIP for three and ten years, respectively. Dr. Iwanaga holds a MS degree from 
Kyoto University and Ph. D. from the University of Wisconsin-Madison. 

o 

4TI 

► 

Dr. Osamu ITO, a plant physiologist, became Director of JIRCAS's Environmental Resources Division on 

April 1, succeeding Dr. Tadao Hamasaki who became Director of the Department of Natural Resources, 

National Institute of Agro-Environmental Sciences. Dr. Ito worked as International Research Coordinator for 
Thailand at JIRCAS's Research Information Division for six months after spending three years at the 

International Rice Research Institute as Director of the Agronomy, Plant Physiology and Agro-Ecology 

Division. 

Dr. Makie KOKUBUN left JIRCAS on April 1, to take up his appointment as Professor of the Graduate School of Agriculture, 

Tohoku University. Dr. Kokubun served as International Research Coordinator for South America at JIRCAS's Research Information 
Division for four years. 


Organization of the Japan International Research Center for Agricultural Sciences (JIRCAS) 
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<News letter 24 feature article> 


Development of Agroforestry Technology for the Rehabilitation of Tropical 
Forests 


- JIRCAS New Agroforestry Project - 



Terunobu Suzuki 

Director, Forestry Division, JIRCAS 

With excessive logging and indiscriminate cutting of trees for fuel as well as with the increasing exploitation of arable land associated with 
the high demand for food, the deterioration and clearing of natural forest areas have been rapidly progressing, particularly in developing 
regions. This is bringing about serious economic and environmental problems not only at the local level but also on a global scale. Therefore, 
the rehabilitation and sustainable management of these forests are urgent issues. Development of forest production systems and postharvest 
technologies for local communities can be considered to be essential means for the reduction of forest degradation. 

Forest rehabilitation and enrichment of denuded and degraded areas are the first steps in developing sustainable management of forest areas. 
JIRCAS has played a significant role in alleviating forest degradation by focusing its efforts on methods of reforestation and ways to motivate 
local inhabitants to participate in reforestation activities. 

Research on methods for the establishment of fast-growing species as shelter wood for the promotion of growth of valuable indigenous trees 
such as Dipterocarps in logged-over tropical forests is being conducted in collaboration with the researchers of the College of Forestry, 
University of the Philippines at Los Banos (Philippines). Studies on the regeneration and growth of Shorea species seedlings on logging roads 
in Malaysia are conducted in collaboration with the researchers of the Forest Institute of Malaysia (FRIM), where joint investigations on the 
improvement of logging techniques for the selective management system applied in Malaysia, including the improvement of harvesting 
methods using a mobile tower yarder, are also in progress. 

Malaysia is one example of several countries with which JIRCAS has been working closely on deforestation issues. In Malaysia, forests are 
logged on a large scale and the enrichment of remaining secondary forests is a major task for the government. Compared to other Southeast 
Asian nations, Malaysia's standard of living is higher and its forest management programs have been more effectively carried out, particularly 
in the state of Sabah. Nevertheless, in Sabah alone, several hundred thousand local inhabitants, over 10% of the state's population, still 
practice shifting cultivation. Their activities, which include unsustainable forest harvesting, slash and bum agriculture, repeated cultivation 
and wildfires have had a considerable impact on the forest ecosystems and resulted in losses of flora and fauna, erosion, flooding, decrease of 
forest resources and general soil degradation. 

However, this situation may be improved by introducing agroforestry systems which encourage people to settle in a certain residential area, 
cultivate cash crops and participate in intercropping, afforestation and reforestation activities. Along with initiating the development of 
cultivation and farming technology, local authorities and scientists have been engaged in the assessment and analysis of social and economic 
factors in order to develop sustainable management systems for forest resources. In the 1970s, for example, agroforestry was first introduced 
to Sabah with a certain amount of success through the intercropping of cacao. On the whole, however, agroforestry techniques are essentially 
site-specific and for any given program to be successful, acceptance by the local community is indispensable. Given these conditions, we 
therefore proposed a more flexible research project titled: "Development of agroforestry technology for the rehabilitation of tropical forests." 
This program which will be implemented mainly in collaboration with the Forest Research Centre, Forestry Department, Sabah, Malaysia, 
aims at balancing out the effects of secondary forests, burnt forests, monoculture plantations and grasslands by introducing a cropping system 
consisting of cash crops including vegetables, fruit trees as well as indigenous trees. Our final objective is to establish a technological base 
for the ongoing development of biodiversity-rich forests, high-value timber forests, forests that perform critical environmental functions and 
fruit tree orchards where soil fertility has been improved or is well maintained. These studies will contribute to the mitigation of 
agriculture-forestry conflicts while promoting environmental conservation and sustainable forest resource management. 

Over the seven-year (2000-2006) duration of the project, specific objectives will include a socio-economic evaluation of agroforestry, the 
re-establishment of a productive environment for agroforestry and the development of agroforestry techniques with the utilization of shade 
trees. Individual targets for the program include the development of technology for the re-establishment of a productive environment for 
agroforestry and development of techniques for growing non-arboreal crops under shade trees. 

Finally, it is indispensable to promote close relations between forestry researchers and agriculture researchers in order to promote the project 
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Nitrogen Cycling in Agro-Pastoral Systems in the Cerrados 


Nitrogen Cycling in Agro-Pastoral Systems in the Cerrados 


Kenichi Kanda 

Environmental Resources Division, JIRCAS 

In Brazil, grasslands have been developed over large areas originally covered by savannas (Cerrados). However, problems of declining productivity have 
arisen in recent years because of the low soil fertility. Agro-pastoral systems that combine soybeans and grasses in rotation have been proposed for 
sustaining grassland productivity. One of the primary advantages of these systems is that lime and P fertilizer are used for crop cultivation and that the 
succeeding grasses can benefit from the remaining P. Since N is added to the system through the N 2 fixation of soybeans, the grasses grow well. On the 
other hand, the organic matter content of the soil decreases steadily under soybean cultivation. To evaluate the agro-pastoral systems in terms of N budget, N 
flow into the systems, N 2 fixation by soybean, input from rain, removal associated with harvest of soybean grains, gaseous losses from animal excreta and 
denitrification* as well as leaching were studied. 

A long-term field experiment has been carried out at the National Beef Cattle Research Center (CNPGC), National Corporation of Agricultural Research 
(EMBRAPA), Campo Grande, MS, Brazil. The soil is classified as Purple Red Latosol. In a grassland with grazing beef cattle, NPK fertilizer (14 kg N/ha, 

70 kg P 2 0 5 /ha and 70 kg K 2 0/ha) was applied and Brachiaria decumbens cv. Basilisk was sown in November 1993. Soybeans were sown in November and 
harvested in April of the next year. PK fertilizer (80 kg P 2 0 5 /ha and 80 kg K 2 0/ha) was applied at the time of seeding. 

The rate of N 2 fixation of soybeans was determined using a non-nodulating isoline, T201, as a control. The rate ranged from 23 to 51% of the total plant N. 
Most of the plant N was removed after harvest of the grains, resulting in a negative N balance in the field. It was shown that the amount of N entering the 
system through rainwater was small. Nitrate accumulation from the surface to a depth of 100 cm in soil under soybeans indicated the potential leaching of 
nitrate (Fig. 1). The estimated amount of leaching from the soybean field was large compared with that from the grassland. A large negative N balance was 
observed in the soybean field, whereas there was a small negative N balance in the grassland (Fig. 2). 

The nitrate that accumulated in the subsoil can be absorbed by grasses grown subsequently. Thus, rotational grassland may be more sustainable. On the 
other hand, both soybean field and grassland showed a negative N balance. It is concluded that in order to sustain N fertility in agro-pastoral systems, some 
application of N fertilizer may be necessary over time. 

*Data relating to gaseous losses from animal excreta (ammonia volatilization and denitrification) were cited from Cadisch, G. et al., Tropical Grasslands 
(1994), 28, 43-52. 
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Fig. 1. Concentration of NO 3 - N (mg/kg) in soil. 


Fig. 2. N balance for soybean field and grassland. 

*1) Cadisch, G. et al., 1994 

*2) Gaseous losses from animal excreta (ammonia volatilization and 
denitrification) 
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Evaluation of Heat Tolerance of Snap Bean Based on Pollen Stainability 


Katsumi Suzuki, Tadashi Tsukaguchi, Hiroyuki Takeda and Yoshinobu Egawa 

Okinawa Subtropical Station, JIRCAS 

Yield of temperate vegetables decreases at high temperatures in tropical and subtropical areas. Heat tolerance is one of the most important 
characters for the promotion and increase of vegetable production in these areas. It remained to be determined why heat-tolerant varieties show a 
superior yield under high temperature conditions. Simple methods of evaluation of heat tolerance are necessary for developing heat-tolerant 
varieties efficiently and introducing new crops suitable for high temperature conditions. JIRCAS Okinawa Subtropical Station is located on 
Ishigaki Island (lat. 24-20'N) under subtropical conditions in Japan. At this station, a heat-tolerant variety of snap bean (Phaseolus vulgaris), 
'Haibushi', was developed from an accession collected in Southeast Asia by screening about 350 breeding lines and varieties. However, the 
mechanism controlling heat tolerance in 'Haibushi' compared with other varieties has not been elucidated. We investigated the pollen stainability 
of 'Haibushi' during cultivation in summer and compared it with that of other varieties under high temperature conditions. 

The young pod yield, mean temperature and pollen stainability changed during the cultivation of snap bean as shown in Table 1. Mean air 
temperature during the harvest period of the first, second and third croppings was 25.7, 27.9 and 29.8, respectively. Young pod yield of all the 
varieties decreased when the mean temperature rose. As the mean air temperature during the flowering period in each cropping rose, pollen 
stainability decreased. In the first cropping, each variety showed a pollen stainability above 80%. While the pollen stainability of 'Okinawa 
Local' and 'Kentucky Wonder' decreased to 55 and to 65% in the second cropping, respectively, that of 'Haibushi' was still higher than 75%. In 
the third cropping, though the pollen stainability of the three cultivars decreased to less than 20%, that of 'Haibushi' was higher than 60%. 



Fig. 1. Sterile pollen grains (a) of heat-sensitive variety 

'Kentucky Wonder' (A) and normal pollen grains (b) of 
heat-tolerant variety 'Haibushi' (B) cultivated under high 
temperature conditions. 


When the plants were exposed to a high temperature (32/28, day/night) for 24 hours and then returned back to optimum conditions (25/25) in 
a greenhouse, the pollen stainability of the flowers which opened 8 to 11 days after the treatment decreased. Pollen stainability thus decreased 
by exposure to high air temperature 8 to 11 days before flowering. Pollen stainability also decreased when the mean air temperature during this 
period exceeded 28 under field conditions. The heat-tolerant variety 'Haibushi', however, showed a higher pollen stainability than the 
heat-sensitive variety 'Kentucky Wonder' under high temperature conditions. 

Reduction of young pod yield was ascribed to the decrease in pollen stainability, since a high correlation was observed between the pollen 
stainability and pod set. We concluded that the decrease of pollen stainability by high temperature led to a failure of fertilization and abscission 
of flowers, resulting in yield reduction in snap bean. 


As mentioned above, yield reduction was accompanied by a lower pollen stainability. A heat-tolerant variety 'Haibushi' showed a high young 
pod yield and high pollen stainability under high temperature conditions. We suggest that examination of pollen stainability is one of the 
effective methods for evaluating heat tolerance. 


| Table 1. Yield of young pods and average pollen stainability (PS) of snap bean during each period of cultivation 

| Seeding date 

27 Feb. 

IZZI 

10 Apr. 

1 1 

13 May 

1 

| Harvest period 

14 Apr. - 12 May 

1 

| 26 May - 25 June 

1 

25 June - Aug. 

1 

Mean air temperature during 
harvest period () 

25.7 


27.9 


29.8 


1 

Yield 

PS 

Yield 

PS 

Yield 

PS 

jCultivar 

(tuha -1 ) 

(%) 

(tuha -1 ) 


(tuha -1 ) 

(%) 

| Haibushi 

11.4 

907 

6.6 

r 55- ! 

2.8 

61.3 
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| Okinawa Local 



55 

| 55^8 

0 

8.0 

| Oregon 

8.0 

96.0 

5 , 

| 73d) 

0 

19.5 

| Kentucky Wonder 

10.5 

83d) 

,.4 

65J 

0 

14.3 

|-: no data 

1 

1 1 

1 1 

1 1 

1_II 
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Digestion Characteristics and Energy Requirements for Maintenance of 
Native Ruminants in Northeast Thailand 


Tomoyuki Kawashima 

National Institute of Animal Industry 

Animal production in Northeast Thailand plays an important role in nutrient cycling for the development of sustainable agricultural systems. 
While exotic breeds have been introduced in the region to increase the production of meat and milk, the number of native ruminants, such as 
swamp buffalo and Thai native cattle, has been decreasing. Consequently, low quality roughages such as rice straw are not well utilized and 
some are burnt in the fields while the consumption of concentrate feed has been increasing. Although it is generally recognized that native 
ruminants have an inherent ability to digest low quality diet better than exotic breeds, the mode of digestion and nutrient requirements of 
native breeds developed in the tropics have not yet been fully elucidated. 

Metabolism trials were conducted in sheep, Brahman cattle, swamp buffalo and Thai native cattle given Ruzi grass hay with different levels 
of soybean meal in order to examine the effect of protein levels on fiber digestion. The quality of hay used in each trial was slightly different 
and the crude protein (CP) contents in four dietary treatments ranged from about 3, 6.5, 10 and 13.5%. The outline of the results is shown in 
Fig. 1. In sheep, fiber digestibility was improved by the supplementation of soybean meal until the dietary CP content reached 10%. Beyond 
this level, the positive effect of supplements was not observed. In Brahman cattle, the fiber digestibility without protein supplements was 
lower than that with supplements (CP 6.5%). But there was no improvement by additional protein supplements to a level above 6.5%. On the 
other hand, in swamp buffalo and Thai native cattle, fiber digestibility without supplements was not different from that with supplements. 

And the fiber digestibility in Thai native cattle was generally higher than in the other animals. It was considered, therefore, that these native 
ruminants, especially Thai native cattle, have a superior ability to digest fiber without protein supplements. 


—Sheep (n=4) 

^ Brahman (n=4) 

^ Buffalo (n=4) 



Fig. 1. Changes in crude fiber digestibility depending on the supplementation of soybean meal. 


A total of 44, 27 and 20 metabolism-trial data, in Brahman cattle, swamp buffalo and Thai native cattle, respectively, were examined in order 
to compare metabolizable energy (ME) requirements for maintenance. The ME requirements for maintenance were obtained by regression 
analysis of energy retention against ME intake based on the metabolic body size. The values were 377, 334 and 245 KJ/BWkg 0 - 75 in 
Brahman cattle, swamp buffalo and Thai native cattle, respectively, which corresponded to 86, 76 and 56% of the value of Japanese Black 
Cattle. These findings clearly showed that native ruminants, such as Thai native cattle and swamp buffalo, require less energy to maintain 
their body weight compared with high performance breeds. 

The ability to efficiently utilize low quality roughage and the lower energy requirements in native ruminants enable them to survive under a 
severe feeding environment. It was considered that such animals have been selected for their characteristics by farmers, which led to the 
development of a breed or a group adapted to the local conditions. The soil in Northeast Thailand, where the largest population of these 
native ruminants can be found, is characterized by low organic matter and nutrient contents. Re-construction of a system utilizing native 
ruminants in order to exploit available low quality feed may contribute to the sustainable development of agriculture and animal production 
in Thailand. 
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The northeast part of Thailand is the region with unfavorable production environment characterized by unfertile sandy soils an 


Development of Sustainable Agricultural Systems in Northeast Thailand 


- Toward the end of the project - 


Osamu Ito 

Director, Environmental Resources Division, JIRCAS 

The northeastern part of Thailand is a region with an unfavorable production environment characterized by infertile sandy soils and a long 
dry season. About half of the total land area in the region used to be covered with tropical rainforest which drastically decreased to 14% by 
deforestation. Intensive upland farming that reduces soil fertility and expansion of the arid land area have further accelerated the deterioration 
of croplands. Under such unfavorable conditions, rice, cassava, sugarcane and legumes are cultivated as cash crops, but they bring an 
insufficient income to the farmers (family income being only 40% of the national average). Regional development through agricultural 
technology improvement has become the highest priority in the Northeast. 

In order to further develop agriculture in the region, it is necessary to shift the agricultural systems from those that depend heavily on a few 
cash crops to more sustainable systems in which diverse cropping options are combined with more efficient utilization of local resources. The 
project titled: "Comprehensive studies on sustainable agricultural systems in Northeast Thailand" was initiated in 1995 for a seven-year 
period in order to promote the technological development of rice, upland crops, vegetables, livestock and the sericulture industry, as well as 
to develop sustainable agricultural systems combining various types of farming and animal husbandry. The project has been implemented in 
close collaboration with Thai partners, including researchers from the Department of Agriculture (DOA), Department of Livestock 
Development (DLD), Land Development Department (LDD), International Training Center for Agricultural Development (ITCAD) and 
Khon Kaen University (KKU). 

The project is composed of five main themes (Table 1). Until half of the project period, much focus had been placed on rather fundamental 
aspects within each research theme. Some of the outputs from fundamental research (Table 1) are now being integrated to develop sustainable 
agricultural systems suitable for the biophysical and socio-economic environment in the region. Main targets in the latter half of the project 
are as follows: (1) development of a rainfed lowland rice production system with more profitable farming operations and (2) crop-livestock 
integration in upland cropping systems with year-round feed supply and more efficient nutrient cycling. Farm mechanization for rice 
production in the transition from transplanting to direct seeding and utilization of locally available organic materials to sustain the soil 
fertility in upland fields are the central issues toward the end of the project. 

In future, it may become important to maximize the use of water resources through the establishment of irrigation facilities compatible with 
the local hydrogeological characteristics, in order to further enhance the sustainability of agriculture in the region along with improving the 
socio-economic conditions of the rural communities. 


Table 1. Main research themes and activities/outputs of the project 


Research themes 

Activities/outputs 

I.. Evaluation and effective utilization of 
environmental and biological resources in 
the region 

uEffective recycling systems of organic materials were proposed through the analysis of nutrient cycling of 
organic and inorganic components in present farmlands. 

uThe salt-affected area was characterized using GIS and remote sensing. 

uFor the development of water resources, the construction of sub-surface dams was proposed based on 
hydrogeological studies. 

uSugarcane and pineapple were found to fix atmospheric nitrogen, indicating future possibility to cultivate 
these crops by reduced N application. 

II. Development of sustainable crop 
production systems 

uThe proper planting interval of leguminous trees for alley cropping was determined in order to develop an 
integrated system of trees and crops. 

uThe agronomical factors for the introduction of direct seeding on dried paddy fields were thoroughly 
examined, particularly in relation to non-tillage operations and farm mechanization. 

III. Improvement of feeding management 
using local feed resources 

uFor feed supply during the dry season, leguminous pasture, fodder trees and sugarcane were examined for 
their growth under limited moisture conditions. 

uFor the nutritional characterization of grass pastures, their nutritive value and digestion physiology were 
analyzed. 

uMetabolizable energy and protein requirements for the maintenance of local ruminants were clarified. 
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The northeast part of Thailand is the region with unfavorable production environment characterized by unfertile sandy soils an 


IV. Development of postharvest 
technologies for local agricultural products 

uThe main flavor component of Khao Dawk Mali 105 was identified as 2-acetyl-1-pyrroline. The 
analytical method for its quantification was established. A technique to identify the rice variety using DNA 
was developed, which makes it possible to detect mixing of non-Khao Dawk Mali 105 varieties. 

uHigh-quality silk could be obtained through the use of cocoons after crossbreeding of polyvoltine and 
bivoltine silkworm strains. 

V. Economic evaluation of multiple 
cropping and livestock farming systems 

uThe economic and managerial evaluation of the current agricultural systems shows that (1) mechanization 
of rice production could improve farmer's income under certain conditions and (2) profitability of dairy 
farming is relatively high, but further technological improvement is still required. 
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JIRCAS Holds Introductory Workshop 

Workshop on Weather-Based Information Systems for Risk Reduction in 
West African Cropping Systems 

On July 18, 2000, JIRCAS held an introductory workshop to start a new three-year project titled: "Development of Risk-Reducing 
Technologies for West African Cereal-Based Cropping Systems Based on Advanced Weather Modeling." This project seeks to respond to the 
global call made recently by the CGIAR to apply advanced technology to address the need to reduce poverty among those parts of the 
developing world that have benefited least from previous agricultural research. The objective of this project is to provide farmers with 
information that will enable them to make better choices among crops, production practices, and land use based on the analysis of farmer 
behavior and crop performance in response to weather variability. By combining results of advanced weather analysis, crop response, and 
understanding of farmer behavior, the project seeks to establish the criteria for more accurate and productive production choices in the face 
the project of rainfall variability. Information technology will enable to gather information on land use and farmer behavior at precise 
locations in small areas, as well as to develop a system in which it can be shared visually with farmers in a participatory way. 

Twenty scientists from seven institutes and organizations representing a diversity of disciplines participated in the workshop. The workshop 
was organized around six topic areas: West African agriculture; soil and crop conditions; weather analysis and water use; information 
processing; risk management; and linkages to research in related on-going projects. After opening remarks by T. Ishitani and K. Tsurumi, 
Division Directors, JIRCAS, the workshop started with the first topic area, with two presentations on West African agriculture. J. Caldwell, 
JIRCAS, presented slides and data on rainfed cereal production in Mali, and T. Sakurai, JIRCAS, presented slides and data on rice production 
in several West African countries. The second topic area included presentations by K. Okada, JIRCAS, on soil fertility and its improvement 
in West Africa, and H. Hasegawa, Tohoku National Agricultural Experiment Station, on quantitative modeling of crop growth parameters. In 
the third topic area, H. Kanno, Tohoku National Agricultural Experiment Station, provided an introduction to weather analysis used in the 
Tohoku region of Japan, and possibilities for application of analysis methods in West Africa. K. Ozawa, JIRCAS Okinawa Subtropical 
Station, followed with a presentation on water use-efficient technologies for semi-arid regions. This was followed by two presentations in the 
fourth topic area. K. Takezawa, Hokuriku National Agricultural Experiment Station, presented information on decision support systems using 
pattern recognition. T. Hayashi, JIRCAS, described new portable information loggers appropriate for land use surveys. Next, in the fifth topic 
area, T. Nanseki, National Agriculture Research Center, provided an introduction to risk modeling. T. Sakurai presented results of research 
on household budgets and risk in semi-arid West Africa. In the last topic area, S. Asanuma, JIRCAS, described the studies carried out within 
the framework of the anti-desertification project, and H. Takagi, JIRCAS, explained the research being conducted within the framework of 
the West Africa rice improvement project. The workshop closed with a general discussion on how to implement the project plan, with a focus 
on the linkages among the project components of farmer production decision-making criteria, weather modeling, and risk management. 

(John S. Caldwell) 
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7th JIRCAS International Symposium 



" Agricultural Technology Research for Sustainable Development in 
Developing Regions” 


Date: 1 and 2 November 2000 



Venue: Epochal Tsukuba 


f 


At the dawn of the new millennium, the Japan International Research Center for Agricultural Sciences (JIRCAS, formerly TARC, Tropical 
Agriculture Research Center), celebrates its 30 th anniversary. TARC was established in 1970, just as the Green Revolution was reaching its 
peak. The major impetus to the Green Revolution at that time was the need to address the chronic food shortages in developing countries, 
especially Southeast and South Asia. These efforts enabled most countries to become self-sufficient in basic foods. 

Today, at the start of a new century, agricultural research faces many more challenges. Increased food production continues to be a high 
priority in the face of continued world population increase. This needs to be achieved through the development of production systems in 
better harmony with the environment. Technology development targeted towards environments with marginal soil and water resources, where 
still over half of the farmers of developing countries make a living from agriculture characterized by unstable production, is a critical need. 
Advances in research and application of biotechnology, information technology, and other new technologies are needed to help solve these 
problems. In addition to such discipline-based research, strengthening farmer participation and linkages with other stakeholders in research 
and extension is essential to achieve new production and resource management systems with high sustainability. 

This symposium will address four themes, with the objective of assessing future directions for sustainable agricultural development in 
developing regions, drawing from the experience of all symposium participants, including public institutions, non-governmental 
organizations and the private sector in each country, and international research institutions, with a focus on JIRCAS: 

1. Accomplishments, needs, and potential for technology development for increased production 

2. Concepts and approaches for agro-ecological sustainability 

3. Farmer-researcher-extension-private sector partnerships for technology development and dissemination 

4. Past achievements and future orientation of JIRCAS and partners in the development of sustainable agriculture, forestry and fisheries 


Program 

Day 1 


Keynote addresses 

(1) An assessment of technology development from the Green Revolution to today 
Dr. William D. Dar, Director General, ICRISAT 

(2) Key characteristics of agricultural sustainability 
Dr. Pedro A. Sanchez, Director General, ICRAF 

(3) Evolution and new directions using information systems for enhanced farmer partnership in NARS agricultural research 
Dr. Stein W. Bie, Director General, ISNAR 
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7th JIRCAS International Symposium 

Session 1 Technology development for increased production: accomplishments, needs, and potential 

(1) Developing new crop varieties for stress and low-input conditions 
Prof. Kazuyoshi Takeda, Okayama University 

(2) Contribution of molecular biology to breeding and issues associated with its application in developing countries 
Dr. Ronald P. Cantrell, Director General, IRRI 

(3) Distribution and processing systems for stable supply of products from agriculture, forestry and fisheries 
Dr. Greg Johnson, Program Manager, Postharvest Technology, ACIAR 

Session 2 Concepts, needs, and approaches for agro-ecological sustainability 

(1) Sustainable land management for crop production 
Dr. Eric T. Craswell, Director General, IBSRAM 

(2) Sustainable water management for crop production 
Dr. S. A. Prathapar, Director, IWMI Pakistan 

(3) Sustainable aquaculture production and fisheries management 
Dr. Meryl J. Williams, Director General, ICLARM 

Day 2 

Session 3 Evolution of farmer-researcher-extension-private sector partnerships for technology 
development and dissemination 

(1) Evolution of concepts and approaches of systems-oriented, farmer participatory agricultural research 
Dr. John S. Caldwell, International Research Coordinator, JIRCAS 

(2) Contributions of farmer knowledge to agricultural technology development 
Prof. Harold J. McArthur, University of Hawaii 

(3) Institutionalization of technology development 
Prof. David W. Norman, Kansas State University 

(4) Developing sustainable agricultural systems: case study examples, determinants, future approaches, and roles of different partners, as 
viewed from the cooperation agency 

Mr. Nobuyuki Samejima, Managing Director, JICA 

(5) Developing sustainable agricultural systems: case study examples, determinants, future approaches, and roles of different partners, as 
viewed from the national agricultural research system 

Dr. Ananta Dalodom, Director General, DOA, Thailand 

Poster session 

Session 4 Discussion and Synthesis of Symposium Themes: Past achievements and future orientation of 
JIRCAS and partners in the development of sustainable agriculture, forestry and fisheries 

(1) Research output and future direction of JIRCAS 

Dr. Takasuke Ishitani, Director, Research Planning and Coordination Division, JIRCAS 

(2) Questions, comments, and discussion 

(3) Synthesis and conclusions 
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7th JIRCAS International Symposium 


For further information, please contact: 

Secretary of the Organizing Committee for the 7 th JIRCAS International Symposium 

Japan International Research Center for Agricultural Sciences (JIRCAS) 

1-2 Ohwashi, Tsukuba, Ibaraki 305-8686, JAPAN 

Fax: +81-298-38-6342 

E-mail: sympo7@jircas.affrc.go.jp 
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For Sustainable Livestock Production in Farming 
Systems 



Toshiaki Taniguchi 

Director, Animal Production and Grassland Division, JIRCAS 

The Animal Production and Grassland Division is currently implementing research projects on 1) 
Improvement of livestock production using locally available feed resources in Northeast Thailand in 
collaboration with Khon Kaen Animal Nutrition Center, Thailand, 2) Improvement of swine production 
in farming systems in the Mekong Delta in collaboration with Cantho University, Vietnam, and 3) 
Development of grassland management technologies for sustainable agro-pastoral systems in the 
subtropical zone of Brazil in collaboration with Empresa Brasileira de Pesquisa Agropecuaria 
(EMBRAPA), Brazil. 

Two of the three projects mentioned above are focused on sustainable development of small-scale 
farming systems in Southeast Asia. The latter is focused on a sustainable crop and forage rotation system 
in large-scale livestock and crop production systems in South America. Livestock production remains at 
low levels throughout the developing world due to constraints such as low genetic potential, poor quality 
feeds, disease prevalence, harsh climatic conditions, and low management level. In Southeast Asia, the 
number of native animals, such as swamp buffalo, native cattle and swine (Photo) has been decreasing 
along with the introduction of exotic breeds for increasing the production of meat and/or milk. However, 
the introduction of exotic breeds may be frequently faced with low productivity due to malnutrition in the 
dry season, inadequate feeding management and endemic diseases. On the other hand, livestock play an 
important role in matter cycling in farming systems, namely the wastes from cattle and swine are used as 
fertilizer for the cultivation of crops, fruits and vegetables and as fuel in Northeast Thailand and the 
Mekong Delta. Therefore, removal of constraints in developing areas and maximization of the 
advantages of livestock are important for increasing the sustainability of livestock production in farming 
systems and animal industry in these areas. 

Another aspect is to consider the efficient utilization of available native animals raised in various areas, 
because the native ruminants have a superior ability to digest fiber without protein supplements and 
require less energy to maintain their body weight compared with high performance breeds, as mentioned 
by Dr. T. Kawashima in a previous Newsletter (No. 24, Sept. 2000). Therefore, the development of a 
system utilizing native ruminants in order to exploit available low quality feed should contribute to 
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sustainable development of animal husbandry in these areas. 

The next problem is how to obtain feed quality all the year round. Production of natural grasses and 
pastures decreases remarkably in the dry season in tropical areas. This is a key constraint on further 
development of livestock production. In the Mekong Delta, local by-products such as rice bran and meal 
leavings are used as swine feed. Local by-products such as rice straw and sugarcane stalks are used as 
good roughages for cattle feeding in the dry season in Northeast Thailand. Especially, wild relatives of 
sugarcane, such as Saccharum spontaneum and Erianthus spp. and inter-specific crosses between 
sugarcane varieties could be used as forage crops due to the high biomass production with a lower sugar 
content and attenuated leafy character in the near future under the collaborative research project between 
Khon Kaen Field Crops Research Center and JIRCAS. Use of available local feed resources is needed for 
developing a feeding system which is compatible with the local socio-economic and environmental 
conditions. 

In the Brazilian savannas, decreasing grain yields have recently been observed in the region, as a result 
of continuous mono-cropping. In conventional mono-cropping systems, the intensive use of disk plows 
has resulted in the rapid loss of organic matter in most soils. Therefore, agro-pastoral systems 
(sustainable crop-pasture rotation) are considered to be an effective method of ensuring adequate 
physical, chemical, and biological soil conditions. It was demonstrated that the introduction of B. 
brizantha into agro-pastoral systems was the optimum solution to improve the quantity and depth 
distribution of soil organic matter due to the high biomass production of roots. Development of 
agro-pastoral systems compatible with individual farming systems may contribute to sustainable 
production of crops and livestock. 

Maize stalks and leaves after harvest of maize cobs are also used as roughage for beef and dairy cattle. 
However, the nutrient level of maize stover is not always sufficient for animal feeding. Therefore, 
attempts were made to utilize agricultural commodities based mainly on maize and its residues for 
animal feed as silage in collaboration with the China Agricultural University and Jilin Academy of 
Agricultural Sciences. 

It is also necessary to pay attention to the quality of the feed, including feed safety as roughage for 
livestock feeding, because, roughage contaminated with pathogens could become a source of infectious 
diseases and toxicosis in domestic animals. 

The value of local feed resources and native animals should be more emphasized for future development 
of animal husbandry compatible with environmental and socio-economic characteristics in the respective 
regions. 
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Photo: A FI native sow in the Mekong Delta in Vietnam 
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Comprehensive Project in China Faces Mid-Term 
Evaluation 


Osamu Koyama 

Research Planning and Coordination Division, JIRCAS 

Three years have already passed, since the new comprehensive collaborative research project conducted in 
China and titled "Development of sustainable production and utilization of major food resources" started in 
1997. In the project, attempts were made to integrate several research activities, which had been separately 
carried out with Chinese research institutes engaged in different scientific fields, and aimed at solving the 
food problems in China from comprehensive viewpoints. The research project which was undertaken after 
the signature of a Memorandum of Understanding by both parties consists of the following five components. 

1. Socio-economic research component, including research on food policies, impact of new technologies 
and regional food balance. 

2. Environmental research component, including studies on material cycling and farming systems aimed 
at environmental conservation. 

3. Rice research component, including studies on indigenous genetic resources, new breeding materials 
and insect pest management. 

4. Soybean and maize research component, including studies on genetic resources in Northeast China 
and utilization of maize residues. 

5. Food processing and distribution research component, including studies on starch and protein food 
from plants and freshwater fish meat. 
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Meeting at Beijing, China 

For each component, detailed research subjects were drafted, and counterpart institutes were assigned, 
including ten institutes such as five research institutes under the Chinese Academy of Agricultural Sciences, 
China Agricultural University, and Shanghai Fishery University. From the Japanese side too, many research 
institutes affiliated to the Ministry of Agriculture, Forestry and Fisheries participated in the project in 
addition to JIRCAS. The project places emphasis on activities in Japan through the invitation of Chinese 
researchers, in addition to the conventional collaborative work conducted in China by the Japanese 
researchers dispatched. During FY 1999 (ended in March 2000), 35 researchers including 6 researchers on 
long-term assignments were sent to China, and 20 Chinese researchers including 11 research managers were 
invited to Japan. 

The results of the studies have been reported gradually and increasingly, particularly in areas where the 
research activities had started without any constraint. For example, the socio-economic analysis based on 
field surveys, the study on soil nutrition balance focused on nitrogen dynamics, and the studies on 
processing technologies using materials from fresh-water fish, rice and soybeans for such food products as 
fish meat surimi, rice noodles, tofu, etc. are highly appreciated also in China. Many workshops have been 
held both in China and Japan for the dissemination of the results and exchanges of views among the wide 
range of researchers. General audience was also invited to some workshops. 

However, the priorities of the project are changing rapidly. Recently China has enjoyed continuous high 
yields and excess stock has been reported for some commodities such as low-quality cereals. National 
research institutes are trying to define the future orientation of their activities within the context of economic 
and organizational reforms. The gap appears between what we expected at the planning stage of the project 
and what we are currently facing regarding the research organization and the recognition of the problems. 

On the other hand, however, various attempts are being made to develop sustainable production technologies 
based on the increasing awareness about environmental degradation, and the need for practical research such 
as food processing and distribution technologies is rapidly increasing in China. At the end of the fiscal year 
2000, halfway in the course of the whole project, mid-term evaluation will be made and the above issues will 
be discussed. 

In addition, cooperation between the project and a new program of technology transfer sponsored by Japan 
International Cooperation Agency (JICA) is being pursued. It is essential that both projects be effectively 
conducted through joint ownership of the results, joint utilization of the facilities and exchanges of views 
among researchers, when grant-aid is allocated and technical cooperation programs in agricultural research 
are implemented. JIRCAS is participating in the planning of these programs through the exchange of 
experience and expertise. 
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Introduction of water-saving irrigation in Shandong province 
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An Osmosensor as a Molecular Tool for the Genetic 
Improvement of Drought-Tolerant Crops 


Takeshi Urao and Kazuko Yamaguchi-Shinozaki 

Biological Resources Division, JIRCAS 

As the world population rapidly increases, we are now faced with the need to increase and stabilize food 
production. In marginal or arid lands in developing countries, environmental factors such as drought, 
high salinity, high temperature, and flooding are serious problems that lead to instability of crop 
production. To address these problems, development of stress-tolerant plants had so far been conducted 
by transfer of a gene encoding protective proteins or enzymes involved in stress tolerance from various 
organisms. However, past efforts yielded limited success due to the genetic complexity of stress 
responses and adaptation. This indicated that the introduction of a large number of genes into a plant is 
necessary to confer fully improved stress tolerance. To overcome this limitation, our approach currently 
being studied is to manipulate a regulatory gene that controls the amounts and timing of numerous 
effector molecules described above. Under drought conditions, a change in cellular osmotic pressure 
caused by water loss triggers various intracellular responses, including activation of signal transduction 
pathways followed by gene expression of osmoprotectants. The first step in this event is the perception of 
osmotic changes by a sensor or receptor protein(s) at the plasma membrane. Therefore, we aimed at 
developing an osmosensor as a regulatory gene. 

Based on an analogy in bacteria and yeast, histidine kinase(s) was expected to function as an osmosensor 
in plants, leading us to clone a cDNA encoding a histidine kinase ATHK1 from Arabidopsis. RFLP 
mapping showed that the ATHK1 gene is located on chromosome 2. The ATHK1 mRNA was more 
abundant in roots than in other tissues and accumulated under high salinity and low temperature 
conditions. Histochemical analysis of GUS activities driven by the ATHK1 promoter further indicated 
that the ATHK1 gene is transcriptionally up-regulated in response to changes in external osmolarity. 
These results suggest that ATHK1 is necessary for efficient sensing of environmental signals such as 
high salinity and drought stresses. ATHK1 contains two hydrophobic transmembrane regions adjacent to 
a putative extracellular domain in the N-terminal half, suggesting the presence of a functional similarity 
to the yeast osmosensor SLN1. Overexpression of the ATHK1 cDNA suppressed the lethality of a yeast 
slnl mutant. By contrast, the substitution of either putative phosphorylation site, His or Asp, failed to 
complement the slnl mutant, indicating that ATHK1 acts as a histidine kinase and that ATHK1 is in an 
active form in the absence of external signals (e.g. high osmolarity). Moreover, the introduction of the 
ATHK1 cDNA into a yeast mutant lacking both osmosensors, SLN1 and SHOl, allowed normal growth 
and activation of the HOG1 MAPK cascade under the high osmolarity conditions, suggesting that the 
ATHK1 activity changed from the active state to the inactive state in response to increases in external 
osmolarity. Thus, we demonstrated, by analyzing both sensing (input) and catalytic (output) activities of 
ATHK1 in vivo using the yeast osmosensing-defective mutants, that ATHK1 is able to sense and 
transduce a signal of external osmolarity to the downstream targets. This is the first evidence that a plant 
histidine kinase acts as an osmosensor. The ATHK1 gene could be one of useful molecular tools or 
biological resources for the genetic improvement of drought-tolerant crops. We are currently generating 
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transgenic Arabidopsis and rice plants to examine the ability to improve stress tolerance. 



Possible function of an osmosensor in intracellular signaling under 
drought conditions 
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Changes in Soymilk Properties after Two-Stage Ohmic 
Heating 


Eizo Tatsumi* and Liu Zhishong * 2 

*Crop Production and Postharvest Technology Division, JIRCAS, *2China Agricultural University, 

China 


Thermal processing is a traditional method in the food processing industry. Currently, most of the 
thermal processing techniques employ indirect heating by thermal conduction and thermal convection. 
However, these techniques limit the processing of the food material by several-stage heating because of 
the difficulty in controlling the temperature in a short time. For instance, the external part of a food 
material needs to be held at a processing temperature for several minutes before the center of the material 
reaches the required temperature; at that time the rest of the food will have been significantly 
overprocessed. An alternative technique is direct heating, in which heat is generated within the food 
material itself. Ohmic heating, which uses the inherent electrical resistance of a material to generate heat, 
is a relatively new process in food engineering, and has already attracted the attention of some 
companies. It is important to mention that both the outer and inner parts of a food material can reach a 
required temperature in a short time. 

Soymilk is used to make tofu, which is one of the most popular foods in the world. Usually, soymilk is 
heated at more than 95 0 C for several minutes before the addition of a coagulant to make tofu. Almost all 
the tofu factories and researchers have paid attention to the temperature and time by using one-stage 
heating because of the technical limitation in the traditional heating procedure. Soymilk was heated 
under several conditions using a simple ohmic heating system. The rate of increase of the temperature 
was 40 o C/min. Fig. 1 shows that heated soymilk by the standard method (at 95oC for 5 min) had 
essentially the same viscosity as raw soymilk. However, the viscosity of soymilk heated by the two-stage 
procedure (at 75 0 C for 15 min, and then at 95 0 C for 5 min) was 6 times higher. 
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Heating conditions 


Fig. 1. Viscosity of soymilk after ohmic heating under different conditions. 


During the heat treatment, proteins in soymilk are transformed into a partially denatured conformation. 
Under the denatured state, some non-covalent bonds of protein molecules are destroyed and 
hydrophobicity in the surface area of the molecules increases. In consequence, protein molecules are 
dissociated and/or associated. We found that many small particles were produced in soymilk after 
two-stage heating. These observations suggest that the degree of aggregation in protein molecules was 
quite different between different heating conditions. The denaturation temperatures for 7S and 1 IS 
globulin, which are major protein components in soybean milk, are around 75oC and around 85 0 C, 
respectively. The dissociation/association of 7S and 1 IS globulin occurred at the same time under 
one-stage heating. In the case of two-stage heating, 7S globulin sub-units were dissociated/associated 
selectively at the first heating stage. During the second stage, 7S sub-units and/or newly dissociated 1 IS 
sub-units were associated cooperatively. Consequently, large aggregated molecules, which affected the 
increase in the viscosity, were produced in heated soymilk. 

Partially denatured states of several food proteins are closely related to their functionality, including 
gelling and emulsifying properties. The tofu gel properties under the different heating conditions were 
evaluated in terms of consistency, elasticity, and water loss (Fig. 2). We found that the tofu prepared 
from two-stage heated soymilk was firmer and more elastic although the first step temperature and 
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heating time were slightly lower than those obtained from viscosity analysis. The tofu displayed a lower 
water loss. That is, moderately associated protein molecules enabled tofu to form a tight gel after the 
addition of a coagulant. 

Ohmic heating in high temperature short time processing has been developed to produce high quality 
sterile food. From the above observations, we concluded that, unlike traditional thermal processing 
techniques, several-stage ohmic heating enables us to obtain a more suitable texture for a food material, 
which contains multiple lipids, carbohydrates, and proteins. 


■ 95t:5min 

□ 70°C5min 

-95t:5min 

■ 70 c Cl0min 

-95 < C5min 

□ 75°C5min 

-95°C5min 

■ 75‘ClOmin 

-95°C5min 

■ 75 < t15min 

-95^C5min 

■ BO^min 
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Fig. 2. The quality of tofu gel prepared from soymilk after 
two-stage ohmic heating. 
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Studies on Treatment System for Wastewater from 
Prawn Aquaculture Pond Using Natural Purification 
Ability of Mangrove Stand 


Torn Shimoda* and Taufic Ahmad * 2 

* Fisheries Division, JIRCAS, * 2 Research Institute for Coastal Fisheries, Indonesia 

In the Southeast Asian countries including Indonesia, prawn aquaculture is actively carried out to acquire 
foreign currency. Coastal areas, including areas of mangrove forest, have been destroyed to develop aquaculture 
ponds for this purpose. Moreover, wastewater containing large quantities of nutrient materials is discharged 
from the aquaculture ponds, causing environmental deterioration in coastal waters. 

The present studies were conducted to analyze the effectiveness of improving the water quality of wastewater 
using mangrove stands and the mangrove ecological system prior to the discharge of wastewater into the 
environment. 

The investigation site is shown in Fig. 1. Wastewater from the prawn aquaculture pond was introduced into a 
mangrove reforestation area. The mangrove stand consisted of saplings aged 0 to 2 years planted in a pond at 
intervals of 40 cm. Water that had passed through the mangrove pond was recirculated to the prawn aquaculture 
pond via an oyster pond and an seaweed pond. Thirty percent of the water in the prawn pond was exchanged 
once every 3 days. Water evaporation and seepage into the soil were compensated for by supplying river or well 
water depending on the degree of salinity. Investigations were conducted at the site once every 15 days. Water 
temperature, salinity, dissolved oxygen, pH, turbidity, and the concentrations of nutrients (ammonia, nitrate, 
nitrite, phosphate, and silicate) and chlorophyll a were measured. 
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Fig. 1. Investigation site in Maranak, South Sulawesi, Indonesia. 


The water temperature ranged from 25 to 30. Salinity exceeded 40(psu) in the dry season and fell below 30(psu) 
in the rainy season. From the beginning of the experiment, ammonia (NH 3 ) (Fig. 2) and nitrate (N0 3 ) 
concentrations were always high and increased in the oyster pond and the algae pond. The phosphate (P0 4 ) 
concentration was initially high because that of the supplied river water was high. Subsequently, it decreased 
once, then slightly increased in all the ponds. The silicate (Si0 2 ) concentration increased in the oyster pond, the 
seaweed pond, and the mangrove pond due to the well water supplied. In the prawn pond, on the other hand. 
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after increasing once, it decreased due to the increase in the population of diatoms, which have a silicious 
skeleton. Chlorophyll a (Fig. 2) concentration increased gradually in the prawn pond, and exceeded 160!4g/l at 
the end of the experiment. 



0 10 20 30 40 50 60 70 80 90 100 


Days 

Fig. 2. Changes in ammonia and Chi. a concentration in mangrove, oyster seaweed and shrimp 
aquaculture ponds. 


In this experiment, the pond in which wastewater was most effectively disposed of was the oyster pond. Since 
the oysters fed on phytoplankton while excreting ammonia, the phytoplankton concentration was very low after 
30 days while the ammonia concentration was high. Therefore, the amount of phytoplankton, an organic 
material, markedly decreased. The ammonia and phosphate concentrations in the seaweed pond adjacent to the 
oyster pond were lower than those in the oyster pond, indicating that the algae took up nutrients. The ammonia 
concentration in the mangrove pond was always higher than that in the prawn pond and continued to gradually 
increase. It is considered that the amounts of nutrients generated from the feed and excreta were greater than 
those taken up by the mangrove stand, presumably because the area of the mangrove pond was too small 
compared with that of the aquaculture pond. We will attempt to obtain an afforestation area that corresponds to 
the area of the aquaculture pond by analyzing the material balance in the mangrove stand and the amount of 
nutrients taken up per unit area of the mangrove stand. 
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JIRCAS 7 th International Symposium 


On November 1-2, 2000, JIRCAS held its 7 th International Symposium, with 300 participants. To mark the 30 th anniversary of JIRCAS and 
its predecessor, the Tropical Agriculture Research Center (TARC), and to define the future direction of the activities of JIRCAS and its 
partners in the new century, a broad theme was selected, "Agricultural Technology Research for Sustainable Development in Developing 
Regions." 



Session 2: Nov. 1 


M *• * 

? * v. 




Opening address: 

Dr. Maeno, Director General, JIRCAS 


The symposium addressed this overall theme in five parts. There were three keynote addresses. Dr. Dar, ICRISAT, reviewed the 
accomplishments of agricultural technology research from the Green Revolution until today, and presented needs and directions for the future 
including applications of biotechnology and information technology. Dr. Sanchez, ICRAF, centered his presentation on the key 
characteristics of agricultural sustainability in the tropics, emphasizing the need to adopt a new approach to find solutions to low productivity 
and poverty in marginal areas. Dr. Bie, ISNAR, suggested that information technology could contribute to the design of agricultural programs 
more directly relevant to the needs of farmers. This was followed by three sessions focused on specific areas of research. Session I assessed 
the development of crop varieties with tolerance to stress and low-input conditions (Prof. Takeda, Okayama Univ.), contributions of 
molecular biology (Dr. Cantrell, IRRI) and the importance of postharvest technology, with emphasis placed on distribution and processing 
systems (Dr. Johnson, ACIAR). Session II examined agro-ecological sustainability, considering land (Dr. Craswell, IBSRAM) and water 
management (Dr. Prathapar, IWMI) for crop production, as well as fisheries management and aquaculture production (Dr. Williams, 
ICLARM). Session IU considered partnerships for technology development, including farmer participatory research (Dr. Caldwell, JIRCAS), 
contributions of farmer knowledge (Prof. McArthur, Univ. of Hawaii) and changes in institutional structures (Prof. Norman, Kansas State 
Univ.). The strategy adopted by the Japan International Cooperation Agency (JICA) for the transfer of technology (Mr. Samejima) and the 
policies of national agricultural research systems (Dr. Fagi, Indonesia; Dr. Carrao-Panizzi, Brazil) were also presented. In the closing session, 
Dr. Maeno, Director General of JIRCAS, reviewed JIRCAS' contributions to date and offered four research strategies for the coming years: 
strategic basic research, comprehensive research, postharvest technology research, and strengthening of the collaborative approach. A large 
part of the general discussion that followed was devoted to the potential contributions and limitations of farmer participation in research. 
Comments on other topics included the importance of 1) developing human resources, 2) emphasizing the content of information in the field 
of information technology, 3) emphasizing value-adding in postharvest technology and 4) the importance of animals in agriculture. As for the 
future orientation of JIRCAS activities, several suggestions were made including: the need to 1) strike a balance between strategic basic 
research and adaptive research and 2) control of preharvest losses in addition to postharvest losses. It was also suggested that since farmer 
participation in research is being promoted in many international research centers, JIRCAS could benefit from the experience gained by these 
organizations for the implementation of some of its programs, while building on its strength in basic strategic and comprehensive research. 
(John S. Caldwell) 
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Mr. Shigeru Motai, Chairman of the Agriculture, Forestry and Fisheries Research Council, AFFRC, 
Ministry of Agriculture, Forestry and Fisheries, MAFF, Mr. Tadashi Tsuchiya, Director of the 
International Research Division, AFFRC/MAFF and Mr. Kazuyuki Tsurumi, Director of the Research 
Information Division of JIRCAS visited China in September 2000. Their main purpose was to hold 
discussions with key persons who are concerned with the collaborative research project titled: 
"Development of sustainable production and utilization of major food resources," on the research 
direction in the second half of the project, and to visit the research laboratories and fields. 

In Beijing, they had the opportunity of meeting with Mr. Liu Jian, Vice-Minister, Ministry of 
Agriculture, People's Republic of China and Mr. Tang Zhengping, Director General, Department of 
International Cooperation, Ministry of Agriculture. They also met with Dr. Wang Hongyi, Vice-President 
of the Chinese Academy of Agricultural Sciences and they exchanged views on the research results so far 
obtained and future activities relating to the collaborative research project. At the China Agricultural 
University, they attended the opening ceremony of the Japan-China Food Research Center. Mr. Motai 
gave an address for the celebration and cut the ribbon to open the center together with Dr. Li Lite, Vice 
President of China Agricultural University, Dr. Liu Xing Xin, Vice-President of the China Food Oil 
Society, and Mr. Tsuchiya. About hundred people, including members of the Ministry of Agriculture, 
Ministry of Education, food oil societies and oil industry associations in Beijing, attended the ceremony. 
Dr. Li Lite is convinced that this new center will enable to promote research activities in food processing, 
one of the key sectors in agriculture in China presently. 
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Cutting the ribbon during the opening ceremony for Japan-China Food 
Research Center 

(from left, Dr. Liu, Dr. Li, Mr. Motai and Mr. Tsuchiya) 


In Jilin, they visited the Jilin Academy of Agricultural Sciences (JAAS) and discussed with Dr. Feng 
Wei, President of JAAS and Dr. Liu Kai, Director of Soybean Institute of JAAS, various aspects relating 
to the soybean research activities. The JAAS members explained that they had developed a soybean 
variety with high fat and protein contents which is now being disseminated in Jilin. 

In ZheJiang, they visited the China National Rice Research Institute (CNRRI) and held discussions with 
Dr. Cai Hong-Fa, Director General of CNRRI and Dr. Zhang Zhi Tao, Vice-Director General of CNRRI 
on the rice situation in China. CNRRI explained that rice double-cropping cultivation has been 
decreasing mainly due to the low quality of the first crop and that hybrid varieties account for half of the 
planted area in China. In Shanghai, they visited Shanghai Fisheries University (SFU) and discussed with 
Dr. Zhou Ying Qi, President of SFU, and Dr. Hung Shuolin, Vice-President of SFU various aspects 
relating to fish research activities, particularly the processing sector. 

On these occasions, they visited farmers in Jilin and ZheJiang, and noticed that agricultural activities had 
changed during the last decade. In Jilin, cultivated commodities have been diversified from maize to 
vegetables and fruits, such as strawberry, watermelon and grape, which are more profitable. In ZheJiang, 
some farmers have entrusted other farmers with tilling and harvesting activities, particularly in the rural 
areas where employment opportunities are available in other industries than agriculture. (Kazuyuki 
Tsurumi ) 
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Mr. Akira Mizushima became Director of JIRCAS's Administration Division on September 1, 2000. 
He was until recently Director of Computer Division of Tsukuba Office, Agriculture, Forestry and 
Fisheries Research Council Secretariat of MAFF. 
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Animal Production in Developing Regions: Importance of the Conservation 
of Genetic Resources 


Mitsugu Shimizu 

Director, Animal Production and Grassland Division, JIRCAS 

Farm animals contribute to more than 30% of agricultural products and supply food rich in protein, hide, fiber, fertilizer for crops, and draught 
power. In the developing regions, animal production may enable smallholders to upgrade their living conditions through the improvement of 
their diet and health conditions and the increase of farm household income, alleviation of poverty, and diversification of resources to reduce 
risks. In addition, animal production is an important component of sustainable agricultural systems in these areas, because animals can use 
agricultural by-products and residues as feed resources, animal excreta and wastes can be utilized as a source of household energy and fertilizer 
for crops, while draught power is used for plowing land and for transportation. However, animal productivity is reduced by many constraints in 
developing regions. The major factors involved in the low animal productivity are the deficiency in feed in terms of quantity and quality and low 
nutrition level, inappropriate management practices, and the depletion of grassland resources, which result in poor growth of the animals. The 
other serious problem is related to animal health. Farm animals in developing regions, especially in tropical and subtropical countries are often 
reared in unsanitary and stressful environments, and are frequently exposed to various pathogens, including viruses, bacteria, and parasites and 
to harsh climatic conditions that cause considerable damage to the animals. Economic losses of animal production due to sanitary problems in 
the developing regions have been estimated at more than 40% of total production. 

Therefore, the Animal Production and Grassland Division (APGD), Japan International Research Center for Agricultural Sciences (JIRCAS), 
has promoted collaborative research with various countries, placing emphasis on securing feed resources by either identifying new feedstuffs or 
utilizing agricultural by-products and residues along with the improvement of grassland and animal management, and implementation of 
measures for disease control. For instance, oil-palm fronds and sugarcane stalks have been successfully used as ruminant feeds through 
collaborative research with Malaysian and Thai scientists, respectively, and the project entitled "Development of Agro-pastoral Systems in the 
Subtropical Area of Brazil" is being carried out to develop a sustainable technology for grass production in Brazil. APGD, JIRCAS intends to 
continue these research activities in order to achieve a sustainable increase of animal production compatible with the preservation of natural 
resources and environmental conditions in the respective regions. 

To increase livestock production in developing regions, research on genetic characterization and conservation of indigenous breeds of farm 
animals, and their effective utilization for animal raising is important. In the past 12,000 years, human beings developed about 4,500 breeds of 
domestic animals from approximately 40 animal species, and most countries, depending on the geographic and climatic conditions, have their 
own unique animal breeds with various traits. Only a few breeds of important domestic animals have been successfully developed to improve 
some traits in relation to production in developed regions, mostly in northern countries. These breeds consume nutritious feeds and live in 
favorable environments. As a result, they produce more meat, milk, eggs, etc, when they are fed with sufficient quantities of high quality feeds, 
and reared under well controlled environments. However, they may not be adapted to the conditions prevailing in the developing regions where 
animals are usually reared with poor quality feeds, and always exposed to harsh climatic conditions, various pathogens, diseases, insect bites, 
and other environmental stresses. On the other hand, many indigenous breeds that are well adapted to the harsh conditions of the respective 
regions are distributed in the developing regions. Although these locally adapted breeds harbor valuable traits for adaptation to harsh climatic 
conditions, low quality feeds and various diseases, many of them are now becoming endangered species. These indigenous breeds appear to be 
valuable, and essential for further enhancement of sustainable animal production that does not depend upon high inputs and skillful management 
in the developing regions. The genetic characterization of indigenous breeds, and the conservation and utilization of useful genetic resources, 
particularly genes controlling heat and drought tolerance, adaptability to low quality feeds, disease resistance, and so on, should be promoted to 
improve animal production in the developing regions. 

Although JIRCAS is not currently involved in such activities, in future, research along these lines should be considered. 



Photo 1: Native pig in the Philippines 


Photo 2: Nelore cattle in Brazil 


Photo 3: Sustainable agro-pastoral 
systems in Brazil 
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In nitrification, ammonium-N is changed into nitrite-N and nitrite-N is changed into nitrate-N 


Suppression of Nitrification in Soil by a Tropical Grass 


Takayuki Ishikawa 

Environmental Resources Division, JIRCAS 

Nitrogen in fertilizers and organic components is transformed into ammonium-N in soil by microorganisms. In the nitrification process, 
ammonium-N is converted into nitrite-N by ammonium-oxidizing bacteria and nitrite-N is converted into nitrate-N by nitrite-oxidizing 
bacteria. Since plants can absorb only ammonium-N and nitrate-N, nitrification markedly influences the nitrogen absorption efficiency by 
plants. Nitrate-N that is not absorbed by plants easily leaches down from the rhizosphere to the deeper layers of soil and pollutes the 
underground water. During the process of nitrification, nitrous oxide, one of the greenhouse gasses, is emitted from the soil to the 
atmosphere. By controlling nitrification, it is possible not only to increase the nitrogen absorption efficiency by plants but also to minimize 
the nitrogen loss by leaching and volatilization. In order to decrease the nitrogen loss, chemical fertilizers with nitrification inhibitors have 
been developed but their application is very limited in developing countries because of their high cost. If plants could inhibit the nitrification 
process, their nitrogen absorption efficiency would be considerably enhanced. It was reported that the amount of nitrate-N accumulated in the 
soil where a tropical grass grew seemed to be smaller than that in the soil where other tropical grasses grew. The objective of this study was 
to demonstrate the ability of this tropical grass to suppress nitrification and to identify the relation between nitrification suppression and 
nitrous oxide emission to the atmosphere. 

Three tropical grasses ( Brachiaria decumbens (Bd), B. humidicola (Bh), Melinis minutiflora (Mm)) supplied by CIAT were grown for 6 
weeks in Wagner pots and soils were sampled. Ammonium-N was applied to the sampled soils and the nitrification process was observed. In 
soils with Bd and Mm, the content of ammonium-N decreased 4 days after ammonium-N application and nitrification started rapidly (Fig. 1). 
However, the content of ammonium-N in the soil with Bh did not change until the 8th day and there was a lag period before the onset of 
nitrification. The results indicate that only B. humidicola suppressed nitrification in soil. 

Fig. 1. Content of ammonium-N in soil 

In order to study the effect of nitrification suppression on nitrous oxide emission, Bd, Bh and Mm were grown for 4 weeks in Wagner pots 
and ammonium-N was applied to the soil. From soils without plants (No Plants), and with Bd and Mm treatments, nitrous oxide was emitted 
at a rate of 3 (4g-N/m 2 hr one day after ammonium application (Fig. 2). From the No Plants soil, nitrous oxide emission increased from the 
twelfth day. In the case of the Bd and Mm treatments, nitrous oxide emission continued for more than 4 days and then began to decrease 
because nitrogen in soils was absorbed by the plants. However, nitrous oxide emission from the soil with the Bh treatment was low 
throughout the experimental period. The amount of nitrous oxide emitted from the soil with the Bh treatment was 1/4 smaller than that from 
the Bd and Mm treatments. 

Fig. 2. Nitrous oxide emission from soil 

In another experiment, it appeared that Brachiaria humidicola suppressed the multiplication of ammonium-oxidizing bacteria specifically but 
had no effect on the nitrite-oxidizing bacteria. Of the two nitrification processes, it is assumed that the process in which ammonium-N is 
changed into nitrite-N is a rate-determining process. By the suppression of multiplication of ammonium-oxidizing bacteria, Brachiaria 
humidicola suppresses nitrification in soil and nitrous oxide emission to the atmosphere. Generally it is considered that tropical grasses 
preferentially use nitrate-N compared to ammonium-N. Among the Brachiaria species, it is assumed that only B. humidicola can utilize both 
forms of nitrate-N and ammonium-N and that this function of B. humidicola may lead to an efficient use of nitrogen in soil. 

Native pastures are widely distributed in various countries of the tropical zone but their productivity is very low. In order to increase livestock 
production, if Brachiaria humidicola could be introduced, it would be possible to decrease the nitrogen input for agriculture in addition to 
preserving the environment and ecosystems. 
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Mechanism of varietal resistance to the whitebacked planthopper, Sogatella furcifera, in Chinese japomca rice “Chengjang 06 ( 


Compound Resistance Mechanisms to the Whitebacked Planthopper in 
Chinese Japonica Rice Variety "Chenjiang 06" 


Kazushige Sogawa 

Crop Production and Postharvest Technology Division, JIRCAS 

Rice agriculture in China is characterized by the wide adoption of high-yielding FI hybrid rice. Since its introduction in 1976, the cultivation of 
hybrid rice has expanded rapidly and hybrid rice was planted to about half of the total rice area in China in the 1990s. The remarkable increase 
in rice production in the 1980s was largely dependent on hybrid rice. However, Chinese hybrid rice has caused a new pest problem, namely 
outbreaks of the whitebacked planthopper, Sogatella furcifera, because of its high susceptibility to the pest. Subsequent increase of insecticide 
applications has resulted in the development of resistance of insect pests to pesticides in paddy fields, and increased the risk of pest resurgence 
due to the destruction of natural enemies in the paddy ecosystem. Growing pest and pesticide problems in rice agriculture in China drew our 
attention to varietal resistance to insect pests in Chinese rice as an effective component of the ecologically based pest management (EBPM) 
system. In the course of the JIRCAS-CNRRI Collaborative Research Project on EBPM for rice planthoppers in China, we demonstrated the 
mechanism of varietal resistance to S. furcifera in Chinese japonica rice "Chenjiang 06 (CJ-06)". 

S. furcifera resistance of CJ-06 was investigated in comparison with that of a susceptible indica hybrid rice cultivar "Shanyou 63 (SY-63)." 

Field experiments revealed the high field resistance of CJ-06 to S. furcifera. The S. furcifera immigrants did not land and failed to establish 
populations on CJ-06. They preferred to settle on SY-63 on which they could well reproduce. Under a free choice condition, significantly fewer 
S. furcifera individuals alighted on CJ-06 than on SY-63. The significantly smaller amount of honeydew excreted by S. furcifera females on 
CJ-06 than on SY-63 indicated a low sucking activity on CJ-06. Both fecundity and egg hatchability were markedly reduced on CJ-06, when 
newly emerged S. furcifera females continuously fed and were allowed to oviposit on it. Consequently, the number of nymphs hatched on CJ-06 
amounted to only about one-tenth of that on SY-63. S. furcifera eggs showed a high mortality in watery lesions at oviposition sites of CJ-06. 

The watery lesions rapidly led to the formation of conspicuous necrotic symptoms before the eggs hatched. The egg mortality in the watery 
lesions occurred within 1-2 days after oviposition (Fig. 1). Such watery lesions seldom occurred in SY-63, where the eggs hatched normally. 

Fig. 1. Embryonic development of S. furcifera eggs in resistant CJ-06 and susceptible SY-63. 

Based on the above findings, we concluded that sucking suppression and ovicidal reaction were critical factors for the S. furcifera resistance in 
CJ-06. These functions are associated with the antixenosis mechanism against S. furcifera immigrants, as well as the antibiosis mechanism 
whereby fecundity and egg hatchability of inhabitants are reduced, respectively. Such dual mechanisms of varietal resistance may result in a 
stable and durable field resistance to S. furcifera in Chinese japonica rice CJ-06 (Fig. 2). It would be important to identify the chemical 
components responsible for the sucking inhibition and ovicidal reaction associated with the resistance of CJ-06 to S. furcifera, compared to the 
susceptibility of SY-63 and to analyse the genetic basis of the resistance for subsequent breeding work. 

Fig. 2. Antixenotic and antibiotics resistance to S. furcifera in Chinese japonica rice, CJ-06. 
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Fig. 1. Embryonic development of S. furcifera eggs in resistant CJ-06 and susceptible SY-63. 

White = newly deposited eggs, Yellow = eggs at yellow spot stage, 

Red = eggs at eye-spot stage, Hatch = hatched eggs, 

Dead 2 = opaque dead eggs, Dead 1 = discolored dead eggs 
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Fig. 2. Antixenotic and antibiotics resistance to S. furcifera in Chinese japonica rice, CJ-06. 
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Analysis of Chitinolytic Enzyme Genes of a Mycoparasitic Bacterium Flexibacter sp 


Analysis of Chitinolytic Enzyme Genes of a Mycoparasitic Bacterium 
Flexibacter sp. FL824A 


Yasuo Ando 

Animal Production and Grassland Division, JIRCAS 

The purpose of this study is to develop disease control utilizing lytic microorganisms. We detected a lytic activity in a mycoparasite 
Flexibacter sp. FL824A toward several plant pathogenic fungi, consisting of the secretion of lytic enzymes, chitinolytic enzymes (chitinases 
and /V-acetylglucosaminidases), ft -1,3-glucanases and proteases. Chitinolytic enzymes are considered to play an important role in the 
mycoparasitic process, because chitin, poly-/J -1,4-A-acety glucosamine [(GlcNAc) n ], is a major structural component of cell walls of fungi. 

In the first step of our study, we analyzed the genes of chitinolytic enzymes from Flexibacter sp. FL824A. 

A genomic library of Flexibacter sp. FL824A using pUC19 and Escherichia coli was constructed. Hydrolysis activity of the crude protein of 
the transformants was determined by using analogs of chitin derivatives, 4-methyl umbel lifery 1-/1 -D -N, N' -diacetylchitobioside 
[4-MU-(G1 cNAc) 2 ] or 4-methylumbellifery 1-/1 -D-A,A(A"-triacetylchitotriose [4-MU-(GlcNAc) 3 ] as substrates. Among 6,000 transformants 
tested, four clones showed a positive activity. They fell into two groups according to their specificity to the substrates (Table 1). We selected 
two clones CHF1149 and CHF1351, based on the activity level, specificity to the substrates, size of DNA-inserted fragment, and digestion 
pattern of the insert with restriction endonucleases. 


Table 1. Enzymatic activity of positive clone using 
4-MU-^V-acetylchitooligoside as substrate 

Clone 

Enzymatic activity ViUnit/ml) 

Ratio of activity 

(dimer/trimer) 

dimer 2 ! 

trimer 

Group A 

CHF2778 

7.63 

10.36 

0.74 

CHF2601 

15.81 

26.16 

0.60 

CHF1149 

232.19 

446.39 

0.52 

Group B 

CHF1351 

768.50 

40.33 

19.06 

1) lUnit of enzymatic activity was defined as lmmol of 4-MU/min at 37°C. 

2) dimer, 4-MU-(G1 cNAc) 2 ; trimer, 4-MU-(G1 cNAc) 3 . 


An open reading frame (ORF) of 4236 bp was found to code for a chitinase with 1412 amino acids based on the nucleotide sequence and 
deduced amino acid sequencing of an 8.7-kbp insert of pCHFl 149. Homology analysis of the deduced amino acid sequence of this protein 
revealed that the enzyme has a multiple domain structure consisting of at least seven domains (Fig. 1). The most interesting property is that 
the enzyme has two catalytic domains, one homologous to the catalytic domain of chitinase A1 of Bacillus circulans WL-12 on the 
N-terminal side of the protein and the other homologous to that of chitinase D of the same bacterium on the C-terminal side. 

Fig. 1. Schematic representation of the domain structures of chitinases from several bacteria 

The DNA sequence of 5.0 kbp of the DNA-inserted fragment of pCHF1351 was determined after subcloning. An open reading frame (ORF) 
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Analysis of Chitinolytic Enzyme Genes of a Mycoparasitic Bacterium Flexibacter sp 

of 1962 bp was found to code for a putative protein with 654 amino acids. The protein shared a 25% homology with endo -/? 

-/V-acetylgl ucosam in idase of Clostridium perfringens. 

Strong lytic activity of Flexibacter sp. FL824A may be due to the presence of a unique chitinase with two catalytic domains. Further studies 
on the chitinase should be carried out to analyse the chitin degradation of this mycoparasitic bacterium. 
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hig. 1. Schematic representation of the domain structures of chitinases from sever* 
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Seminar on High Value Timber Species for Plantation Establishment - Teak 


I Seminar on ’’High Value Timber Species for Plantation Establishment 
- Teak and Mahogany Species 


Disappearance of the natural forests has prompted the Southeast Asian nations to establish and develop artificial forest plantations. The trees selected for this 
purpose have been mostly fast-growing species for pulp and/or light use timber. Recently, however, in Malaysia, including Sabah State, there has been a growing 
interest in planting high value timber species with longer rotation periods. Not only the foresters, from either governmental organizations or the private sector, but 
also estate plantation holders and farmers are interested in planting teak (Tectona grandis) in their plantation or farm areas, and more recently some of them have 
also started to plant mahogany species (American mahogany, Swietenia macrophylla, and African mahogany, Khaya ivorensis). Malaysian experience with these 
species is, however, rather limited. 

To fill this gap, JIRCAS, INNOPRISE (Sabah Foundation) and Sabah Forestry Department decided to jointly organize a "Seminar on High Value Timber Species 
for Plantation Establishment" with emphasis placed on teak and mahogany species. The seminar was held at the Auditorium of Sabah State Library, Tawau, Sabah 
on December 1, 1998. Following the opening addresses by Datuk Musa Haji Aman (Chief Executive of INNOPRISE), Dr. Kiyoshi Tanaka (Director of Forestry 
Division, JIRCAS) and Mr. Herman Anjin (Deputy Forestry Director of Sabah Forestry Department), Dato’ Dr. Salleh Mohd. Nor (Executive Director of 
TROPBIO Research) gave a keynote address and 14 experts from five countries presented nine papers related to silviculture, propagation, protection, wood 
utilization and marketing in three sessions. More than 130 participants, including forestry scientists, foresters and many plantation holders from Sabah, Sarawak 
and Peninsular Malaysia, held animated discussions and exchanged information. More than 50 participants also joined a field trip to the Luasong Forestry Centre, 
about 100 km from Tawau to observe demonstration/experimental stands of teak and mahogany on the next day. This seminar was very timely and successfully 
promoted the establishment of plantations of teak and mahogany species in Malaysia, especially in Sabah. 


Photo: Participants leaving for field trip 


(.Kazuma Matsumoto) 
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4th Seminar on "Brackish Water Project" Held in Malaysia 


4th Seminar on ’’Brackish Water Project” Held in Malaysia 


On December 8-9, 1998, the 4th "Brackish Water Project" seminar was held in the Conference Room of the Hotel Equatorial Penang, in 
Penang Island, Malaysia. This project on "Productivity and Sustainable Utilization of Tropical and Subtropical Brackish Water Mangrove 
Ecosystems" aims to evaluate the productivity of the above areas and identify the criteria for sustainable utilization of resources. The West 
coast of peninsular Malaysia has been selected as the study area due to the presence of various types of mangrove forests differing in the level 
of management and exploitation. The counterpart organizations include the Fisheries Research Institute (FRI), the University of Malaya 
(UM) and the Forest Research Institute of Malaysia (FRIM). 

Subjects addressed in the seminar were as follows: 

1) Forest and litter fall, 2) Benthic communities, 3) Aquatic organisms, 4) Socio-economic aspects, 5) Environmental aspects. About 40 
scientists and government officials from Japan, Malaysia, and Australia participated in the seminar, and fourteen papers were presented. 

During the 4th seminar, Mr. Hashim Ahmad, Deputy Director General of the Department of Fisheries Malaysia gave an opening address, and 
Dr. Shiro Uno of JIRCAS presented closing remarks. 

During the two days’ seminar, it was concluded that the surveys conducted in 1997-1998 in the mangrove forest and waters had been 
completed. At that stage, it is necessary to analyse the structure of the mangrove ecosystems and to ensure that economic activities in these 
areas are sustainable. 



Photo : Survey in the Merbok Mangrove Estuary 


(Katsuhiro Kiso) 
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My research activity in IWMI 


Current Status of Collaborative Research Activities between IWMI and 
JIRCAS 


The International Irrigation Management Institute (IIMI), one of the sixteen organizations supported by the CGIAR, was established by an 
Act of Parliament in Sri Lanka. The Act is currently under amendment to rename the Institute as International Water Management Institute 
(IWMI). 

IWMI implements four global research programs to improve water resources and irrigation management as follows: 1) Performance and 
Impact Assessment, 2) Design and Operation of Irrigation Systems, 3) Policy, Institutions and Management, and 4) Health and Environment. 
Collaborative research activities between IWMI and JIRCAS cover the Design and Operation of Irrigation Systems Program. 

Two studies are being carried out as follows: "Optimal Water Management under Water Deficit Conditions" and "Soil Salinity Problems." 

The site for the "Optimal Water Management" study is located in the North-Central province of Sri Lanka. Irrigation water is used not only 
for agriculture but also for bathing, washing, as drinking water, etc. Although rainfall is usually abundant in this area, due to the lack of 
effective water management, the amount of water available for agriculture and daily life is sometimes insufficient. Many small tanks (ponds) 
are connected to one another (tank cascade system) in the area and they comprise the main water reservoirs. At first, it is necessary to analyse 
the water balance in these systems for identifying optimum cropping patterns based on traditional systems and more advanced technology in 
order to improve water management. As a result, crop productivity could be enhanced and maintained during the dry season, also. These 
practices could be adopted in other areas in Sri Lanka and in other countries. 

Soil salinity is one of the most severe problems in arid and semiarid environments. Sometimes, it is caused by inadequate water management 
practices such as waterlogging, which is associated with excessive irrigation and which induces soil salinity. Soil salinity is a complex 
phenomenon which is region-specific. Productivity can be improved in the affected areas and it is important to determine the main causes of 
salinity so as to reduce it. The main factors can be determined by statistical methods, and one prediction model could be constructed with 
these parameters to predict the areas that may experience soil salinity. 

"Soil slotting" is considered to be a useful technique to improve salinized (sodic) land. In this technique, some slots are cut and filled with 
soil and chemical substances or organic matter. It is important to analyse the soil-water and solute movement in this technique to identify 
suitable specifications (slot width, depth, space, etc.). These parameters can be simulated using a solute movement model under different 
water management conditions. Such a technology may enable to promote sustainable agriculture and raise the productivity of crops. The 
results could be applied to other salinized areas. 


Photo: In rural areas irrigation water is used for many purposes 

(Sri Lanka) 



(Yoshiyuki Shinogi) 
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The greatest challenge for mankind is to establish the agricultural systems that would enable to utilize biological and natura 

<The 6 th JIRCAS International Symposium> 


GIS Applications for Agro-environmental Issues in Developing Regions 


The symposium on "GIS Applications for Agro-environmental Issues in Developing Regions" will be held in Tsukuba, Japan during the 
period of September 7-9, 1999. 

The greatest challenge for mankind today is to develop agricultural systems that would enable to utilize biological and natural resources 
adequately to feed the global human population and preserve the resources simultaneously. To meet this objective, quantitative and temporal 
evaluation of the resources in a given environment is required. However, geographic information to be used for this purpose has been lacking 
in many developing regions, which has hindered the precise evaluation. Geographic Information Systems (GIS) are now expected to become 
an effective tool to produce various kinds of evaluation maps on the environment by overlaying multiple geographic data. These data include 
not only drawn map sheets and written statistics but also digital remote sensing data, which have been accumulated for a quarter of a century 
and should be effective for quantitative and temporal analyses of various agro-environmental issues, including deforestation, desertification, 
soil erosion and salinity, etc. 

JIRCAS is actively implementing GIS-related research in collaboration with various countries in different geographic environments. This 
symposium offers a unique opportunity to review the studies carried out in this field by JIRCAS and other institutes, evaluate the current 
status of research and plan for the future. About 200 participants will attend the symposium and JIRCAS welcomes their active participation. 

The symposium consists of two keynote speeches and three sessions as follows: 

Keynote Speech: Application of GIS and remote sensing technology for agro-enviromental issues in developing regions 
Dr. Andrew K. Skidmore, ITC, Netherlands 
Dr. Tsuyoshi Akiyama, Gifu University, Japan 


Session 1 

Development of global dataset and models for agro-environmental sciences 

Six presentations from representative institutes of USA and Japan 

Session 2 

Applications of GIS for agro-environmental issues in various developing regions 

Nine presentations covering different geographic environments (Nepal, Indonesia, 

China, Pakistan, Colombia, Thailand and Japan) 

Session 3 

Education and training in the field of GIS 

Presentations from AIT (Thailand), PUSDATA (Indonesia) and JIRCAS (Japan) 


For further information, please contact: 

Dr. Makie Kokubun 

Research Information Division, JIRCAS 

1-2 Ohwashi, Tsukuba, Ibaraki, 305-8686 Japan 

Tel: +81-298-38-6345 

Fax: +81-298-38-6342 

E-mail: sympo@iircas.aflTc.go.jp 


(Makie Kokubun) 
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President of Tanzania Visited JIRCAS 


The President of the United Republic of Tanzania, Benjamin 
William Mkapa visited Japan in December, 1998. It was the first 
visit by an African head of state since the Second Tokyo 
International Conference on African Development (ITCADa) held 
in Tokyo in October. Since gaining its independence, Tanzania has 
maintained close ties with Japan and Japan continues to extend 
technical and economic assistance for development in many areas 
such as agriculture, health, telecommunications and human 
resources development. 

During his stay in Japan, President Mkapa visited JIRCAS on 
December 15. After the welcome-ceremony and the briefing of the 
center’s activities by Dr. Nobuyoshi Maeno, Director General of 
JIRCAS, (Photo, left) President Mkapa (Photo, center) and his 
group observed the Biotechnology Laboratory where research on 
"Improving Plant Tolerance to Environmental Stress by Gene 
Transfer" is being carried out. 
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Masachika MAEDA, a microbiologist (and protozoologist), became Director of the Fisheries 
Division on January 1, succeeding Dr. Shiro Uno who was transferred to the National Research 
Institute of Fisheries Sciences (NRIFS). Before joining JIRCAS, Dr. Maeda was Director, 

Physiology and Molecular Biology Section, NRIFS. Dr. Maeda was a visiting research fellow at 
the Royal Society and British Museum, England from 1980 to 1983. 
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Feature Article 


Animal Production in Developing Regions: Importance of the 
Conservation of Genetic Resources 


Mitsugu Shimizu 

Director, Animal Production and Grassland Division, JIRCAS 


Farm animals contribute to more than 30% of agricultur¬ 
al products and supply food rich in protein, hide, fiber, fer¬ 
tilizer for crops, and draught power. In the developing 
regions, animal production may enable smallholders to 
upgrade their living conditions through the improvement of 
their diet and health conditions and the increase of farm 
household income, alleviation of poverty, and diversifica¬ 
tion of resources to reduce risks. In addition, animal pro¬ 
duction is an important component of sustainable 
agricultural systems in these areas, because animals can use 
agricultural by-products and residues as feed resources, ani¬ 
mal excreta and wastes can be utilized as a source of house¬ 
hold energy and fertilizer for crops, while draught power is 
used for plowing land and for transportation. However, ani¬ 
mal productivity is reduced by many constraints in devel¬ 
oping regions. The major factors involved in the low 
animal productivity are the deficiency in feed in terms of 
quantity and quality and low nutrition level, inappropriate 
management practices, and the depletion of grassland 
resources, which result in poor growth of the animals. The 
other serious problem is related to animal health. Farm ani¬ 
mals in developing regions, especially in tropical and sub¬ 
tropical countries are often reared in unsanitary and 
stressful environments, and are frequently exposed to vari¬ 
ous pathogens, including viruses, bacteria, and parasites 
and to harsh climatic conditions that cause considerable 
damage to the animals. Economic losses of animal produc¬ 
tion due to sanitary problems in the developing regions 
have been estimated at more than 40% of total production. 

Therefore, the Animal Production and Grassland Divi¬ 
sion (APGD), Japan International Research Center for 
Agricultural Sciences (JIRCAS), has promoted collabora¬ 
tive research with various countries, placing emphasis on 
securing feed resources by either identifying new feedstuffs 
or utilizing agricultural by-products and residues along 
with the improvement of grassland and animal manage¬ 
ment, and implementation of measures for disease control. 
For instance, oil-palm fronds and sugarcane stalks have 
been successfully used as ruminant feeds through collabo¬ 
rative research with Malaysian and Thai scientists, respec¬ 
tively, and the project entitled “Development of 
Agro-pastoral Systems in the Subtropical Area of Brazil” is 
being carried out to develop a sustainable technology for 
grass production in Brazil. APGD, JIRCAS intends to con¬ 


tinue these research activities in order to achieve a sustain¬ 
able increase of animal production compatible with the 
preservation of natural resources and environmental condi¬ 
tions in the respective regions. 

To increase livestock production in developing regions, 
research on genetic characterization and conservation of 
indigenous breeds of farm animals, and their effective uti¬ 
lization for animal raising is important. In the past 12,000 
years, human beings developed about 4,500 breeds of 
domestic animals from approximately 40 animal species, 
and most countries, depending on the geographic and cli¬ 
matic conditions, have their own unique animal breeds with 
various traits. Only a few breeds of important domestic ani¬ 
mals have been successfully developed to improve some 
traits in relation to production in developed regions, mostly 
in northern countries. These breeds consume nutritious 
feeds and live in favorable environments. As a result, they 
produce more meat, milk, eggs, etc, when they are fed with 
sufficient quantities of high quality feeds, and reared under 
well controlled environments. However, they may not be 
adapted to the conditions prevailing in the developing 
regions where animals are usually reared with poor quality 
feeds, and always exposed to harsh climatic conditions, 
various pathogens, diseases, insect bites, and other environ¬ 
mental stresses. On the other hand, many indigenous breeds 
that are well adapted to the harsh conditions of the respec¬ 
tive regions are distributed in the developing regions. 
Although these locally adapted breeds harbor valuable 
traits for adaptation to harsh climatic conditions, low quali¬ 
ty feeds and various diseases, many of them are now 
becoming endangered species. These indigenous breeds 
appear to be valuable, and essential for further enhance¬ 
ment of sustainable animal production that does not depend 
upon high inputs and skillful management in the develop¬ 
ing regions. The genetic characterization of indigenous 
breeds, and the conservation and utilization of useful genet¬ 
ic resources, particularly genes controlling heat and drought 
tolerance, adaptability to low quality feeds, disease resis¬ 
tance, and so on, should be promoted to improve animal 
production in the developing regions. 

Although JIRCAS is not currently involved in such 
activities, in future, research along these lines should be 
considered. 
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J IRC AS Research Highlight 

Suppression of Nitrification in Soil by a Tropical Grass 

Takayuki lshikawa 

Environmental Resources Division, JIRCAS 


Nitrogen in fertilizers and organic components is trans¬ 
formed into ammonium-N in soil by microorganisms. In 
the nitrification process, ammonium-N is converted into 
nitrite-N by ammonium-oxidizing bacteria and nitrite-N is 
converted into nitrate-N by nitrite-oxidizing bacteria. Since 
plants can absorb only ammonium-N and nitrate-N, nitrifi¬ 
cation markedly influences the nitrogen absorption efficien¬ 
cy by plants. Nitrate-N that is not absorbed by plants easily 
leaches down from the rhizosphere to the deeper layers of 
soil and pollutes the underground water. During the process 
of nitrification, nitrous oxide, one of the greenhouse gasses, 
is emitted from the soil to the atmosphere. By controlling 
nitrification, it is possible not only to increase the nitrogen 
absorption efficiency by plants but also to minimize the 
nitrogen loss by leaching and volatilization. In order to 
decrease the nitrogen loss, chemical fertilizers with nitrifi¬ 
cation inhibitors have been developed but their application 
is very limited in developing countries because of their 
high cost. If plants could inhibit the nitrification process, 
their nitrogen absorption efficiency would be considerably 
enhanced. It was reported that the amount of nitrate-N 
accumulated in the soil where a tropical grass grew seemed 
to be smaller than that in the soil where other tropical 
grasses grew. The objective of this study was to demon¬ 
strate the ability of this tropical grass to suppress nitrifica¬ 
tion and to identify the relation between nitrification 
suppression and nitrous oxide emission to the atmosphere. 

Three tropical grasses ( Brachiaria decumbens (Bd), B. 
humidicola (Bh), Melinis minutiflora (Mm)) supplied by 
CIAT were grown for 6 weeks in Wagner pots and soils 
were sampled. Ammonium-N was applied to the sampled 
soils and the nitrification process was observed. In soils 
with Bd and Mm, the content of ammonium-N decreased 4 
days after ammonium-N application and nitrification start¬ 
ed rapidly (Fig. 1). However, the content of ammonium-N 
in the soil with Bh did not change until the 8th day and 
there was a lag period before the onset of nitrification. The 
results indicate that only B. humidicola suppressed nitrifi¬ 


cation in soil. 

In order to study the effect of nitrification suppression 
on nitrous oxide emission, Bd, Bh and Mm were grown for 
4 weeks in Wagner pots and ammonium-N was applied to 
the soil. From soils without plants (No Plants), and with Bd 
and Mm treatments, nitrous oxide was emitted at a rate of 3 
p g-N/m 2 hr one day after ammonium application (Fig. 2). 
From the No Plants soil, nitrous oxide emission increased 
from the twelfth day. In the case of the Bd and Mm treat¬ 
ments, nitrous oxide emission continued for more than 4 
days and then began to decrease because nitrogen in soils 
was absorbed by the plants. However, nitrous oxide emis¬ 
sion from the soil with the Bh treatment was low through¬ 
out the experimental period. The amount of nitrous oxide 
emitted from the soil with the Bh treatment was 1/4 smaller 
than that from the Bd and Mm treatments. 

In another experiment, it appeared that Brachiaria 
humidicola suppressed the multiplication of ammonium- 
oxidizing bacteria specifically but had no effect on the 
nitrite-oxidizing bacteria. Of the two nitrification processes, 
it is assumed that the process in which ammonium-N is 
changed into nitrite-N is a rate-determining process. By the 
suppression of multiplication of ammonium-oxidizing bac¬ 
teria, Brachiaria humidicola suppresses nitrification in soil 
and nitrous oxide emission to the atmosphere. Generally it 
is considered that tropical grasses preferentially use nitrate- 
N compared to ammonium-N. Among the Brachiaria 
species, it is assumed that only B. humidicola can utilize 
both forms of nitrate-N and ammonium-N and that this 
function of B. humidicola may lead to an efficient use of 
nitrogen in soil. 

Native pastures are widely distributed in various coun¬ 
tries of the tropical zone but their productivity is very low. 
In order to increase livestock production, if Brachiaria 
humidicola could be introduced, it would be possible to 
decrease the nitrogen input for agriculture in addition to 
preserving the environment and ecosystems. 
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Fig. 1. Content of ammonium-N in soil 


Fig. 2. Nitrous oxide emission from soil 
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JIRCAS Research Highlight 


Compound Resistance Mechanisms to the Whitebacked 
Planthopper in Chinese Japonica Rice Variety “Chenjiang 06” 

Kazushige Sogawa 

Crop Production and Postharvest Technology Division, JIRCAS 


Rice agriculture in China is characterized by the wide 
adoption of high-yielding FI hybrid rice. Since its introduc¬ 
tion in 1976, the cultivation of hybrid rice has expanded 
rapidly and hybrid rice was planted to about half of the 
total rice area in China in the 1990s. The remarkable 
increase in rice production in the 1980s was largely depen¬ 
dent on hybrid rice. However, Chinese hybrid rice has 
caused a new pest problem, namely outbreaks of the white- 
backed planthopper, Sogatella jurcifera, because of its high 
susceptibility to the pest. Subsequent increase of insecticide 
applications has resulted in the development of resistance 
of insect pests to pesticides in paddy fields, and increased 
the risk of pest resurgence due to the destruction of natural 
enemies in the paddy ecosystem. Growing pest and pesti¬ 
cide problems in rice agriculture in China drew our atten¬ 
tion to varietal resistance to insect pests in Chinese rice as 
an effective component of the ecologically based pest man¬ 
agement (EBPM) system. In the course of the JIRCAS- 
CNRRI Collaborative Research Project on EBPM for rice 
planthoppers in China, we demonstrated the mechanism of 
varietal resistance to S. Jurcifera in Chinese japonica rice 
“Chenjang 06 (CJ-06)”. 

S. Jurcifera resistance of CJ-06 was investigated in com¬ 
parison with that of a susceptible indica hybrid rice cultivar 
“Shanyou 63 (SY-63.” Field experiments revealed the high 
field resistance of CJ-06 to S. Jurcifera. The S. furcifera 
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Fig. 1. Embryonic development of S. furcifera eggs in resistant 
CJ-06 and susceptible SY-63. 

White = newly deposited eggs 
Yellow = eggs at yellow spot stage 
Red = eggs at eye-spot stage 
Hatch = hatched eggs 
Dead 2 = opaque dead eggs 
Dead 1 = discolored dead eggs 


immigrants did not land and failed to establish populations 
on CJ-06. They preferred to settle on SY-63 on which they 
could well reproduce. Under a free choice condition, signif¬ 
icantly fewer S. furcifera individuals alighted on CJ-06 
than on SY-63. The significantly smaller amount of honey- 
dew excreted by S. furcifera females on CJ-06 than on SY- 
63 indicated a low sucking activity on CJ-06. Both 
fecundity and egg hatchability were markedly reduced on 
CJ-06, when newly emerged S. furcifera females continu¬ 
ously fed and were allowed to oviposit on it. Consequently, 
the number of nymphs hatched on CJ-06 amounted to only 
about one-tenth of that on SY-63. S. furcifera eggs showed 
a high mortality in watery lesions at oviposition sites of CJ- 
06. The watery lesions rapidly led to the formation of con¬ 
spicuous necrotic symptoms before the eggs hatched. The 
egg mortality in the watery lesions occurred within 1-2 
days after oviposition (Fig. 1). Such watery lesions seldom 
occurred in SY-63, where the eggs hatched normally. 

Based on the above findings, we concluded that sucking 
suppression and ovicidal reaction were critical factors for 
the S. furcifera resistance in CJ-06. These functions are 
associated with the antixenosis mechanism against S. fur¬ 
cifera immigrants, as well as the antibiosis mechanism 
whereby fecundity and egg hatchability of inhabitants are 
reduced, respectively. Such dual mechanisms of varietal 
resistance may result in a stable and durable field resistance 
to S. furcifera in Chinese japonica rice CJ-06 (Fig. 2). It 
would be important to identify the chemical components 
responsible for the sucking inhibition and ovicidal reaction 
associated with the resistance of CJ-06 to S. furcifera, com¬ 
pared to the susceptibility of SY-63 and to analyse the 
genetic basis of the resistance for subsequent breeding 



Fig. 2. Antixenotic and antibiotics resistance to S. furcifera in 
Chinese japonica rice, CJ-06. 














































JIRCAS Research Highlight 

Analysis of Chitinolytic Enzyme Genes of a Mycoparasitic 
Bacterium Flexibacter sp. FL824A 

Yasuo Ando 

Animal Production and Grassland Division, JIRCAS 


The purpose of this study is to develop disease control 
utilizing lytic microorganisms. We detected a lytic activity 
in a mycoparasite Flexibacter sp. FL824A toward several 
plant pathogenic fungi, consisting of the secretion of lytic 
enzymes, chitinolytic enzymes (chitinases and /V-acetylglu- 
cosaminidases), (3 -1,3-glucanases and proteases. Chiti¬ 
nolytic enzymes are considered to play an important role in 
the mycoparasitic process, because chitin, poly-3 -1,4-A- 
acetyglucosamind (GlcNAc) n [] is a major structural com¬ 
ponent of cell walls of fungi. In the first step of our study, 
we analyzed the genes of chitinolytic enzymes from 
Flexibacter sp. FL824A. 

A genomic library of Flexibacter sp. FL824A using 
pUC19 and Escherichia coli was constructed. Hydrolysis 
activity of the crude protein of the transformants was 
determined by using analogs of chitin derivatives, 
4-methylumbelliferyl-3 -D -N, /V'-diacetylchitobiosideQ 4- 
MU-(G1 cNAc) 2 D or 4-methyl umbel 1 iferyl - 3 -o-N,N',N"-Ui - 


acetylchitotrioseQ 4-MU-(G1 cNAc) 3 Q as substrates. Among 
6,000 transformants tested, four clones showed a positive 
activity. They fell into two groups according to their specifici¬ 
ty to the substrates (Table 1). We selected two clones 
CHF1149 and CHF1351, based on the activity level, speci¬ 
ficity to the substrates, size of DNA-inserted fragment, and 
digestion pattern of the insert with restriction endonucleases. 

An open reading frame (ORF) of 4236 bp was found to 
code for a chitinase with 1412 amino acids based on the 
nucleotide sequence and deduced amino acid sequencing of 
an 8.7-kbp insert of pCHF1149. Homology analysis of the 
deduced amino acid sequence of this protein revealed that 
the enzyme has a multiple domain structure consisting of at 
least seven domains (Fig. 1). The most interesting property 
is that the enzyme has two catalytic domains, one homolo¬ 
gous to the catalytic domain of chitinase A1 of Bacillus cir- 
culans WL-12 on the N-terminal side of the protein and the 
other homologous to that of chitinase D of the same bac¬ 
terium on the C-terminal side. 

The DNA sequence of 5.0 kbp of 
the DNA-inserted fragment of 
pCHF1351 was determined after 
subcloning. An open reading frame 
(ORF) of 1962 bp was found to code 
for a putative protein with 654 amino 
acids. The protein shared a 25% 
homology with endo-3 -W-acetylglu- 
cosaminidase of Clostridium perfrin- 
gens. 

Strong lytic activity of Flexibac¬ 
ter sp. FL824A may be due to the 
presence of a unique chitinase with 
two catalytic domains. Further stud¬ 
ies on the chitinase should be carried 
out to analyse the chitin degradation 
of this mycoparasitic bacterium. 


Table 1. Enzymatic activity of positive clone using 4-MU-A-acetylchitooligoside 
as substrate 


Enzymatic activity (pUnit/ml) 15 


Clone 

dimer 25 

trimer 

(dimer/trimer) 

Group A 

CHF2778 

7.63 

10.36 

0.74 

CHF2601 

15.81 

26.16 

0.60 

CHF1149 

232.19 

446.39 

0.52 

Group B 

CHF1351 

768.50 

40.33 

19.06 


1) 1 Unit of enzymatic activity was defined as I |amol of 4-MU/min at 37°C. 

2) dimer, 4-MU-(G1 cNAc) 2 ; trimer, 4-MU-(G1 cNAc) 3 . 
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Seminars 

Seminar on “High Value Timber Species for Plantation Establishment 
- Teak and Mahogany Species 


Disappearance of the natural forests has prompted the 
Southeast Asian nations to establish and develop artificial 
forest plantations. The trees selected for this purpose have 
been mostly fast-growing species for pulp and/or light use 
timber. Recently, however, in Malaysia, including Sabah 
State, there has been a growing interest in planting high 
value timber species with longer rotation periods. Not only 
the foresters, from either governmental organizations or the 
private sector, but also estate plantation holders and farm¬ 
ers are interested in planting teak (Tectona grandis ) in their 
plantation or farm areas, and more recently some of them 
have also started to plant mahogany species (American 
mahogany, Swietenia macrophylla, and African mahogany, 
Khaya ivorensis). Malaysian experience with these species 
is, however, rather limited. 

To fill this gap, JIRCAS, INNOPRISE (Sabah Founda¬ 
tion) and Sabah Forestry Department decided to jointly 
organize a Seminar on “High Value Timber Species for 
Plantation Establishment” with emphasis placed on teak 
and mahogany species. The seminar was held at the Audi¬ 
torium of Sabah State Fibrary, Tawau, Sabah on December 
1, 1998. Following the opening addresses by Datuk Musa 
Haji Am an (Chief Executive of INNOPRISE), Dr. Kiyoshi 
Tanaka (Director of Forestry Division, JIRCAS) and Mr. 
Herman Anjin (Deputy Forestry Director of Sabah Forestry 
Department), Dato’ Dr. Salleh Mohd. Nor (Executive 
Director of TROPBIO Research) gave a keynote address 
and 14 experts from five countries presented nine papers 



Photo: Participants leaving for field trip 


related to silviculture, propagation, protection, wood uti¬ 
lization and marketing in three sessions. More than 130 
participants, including forestry scientists, foresters and 
many plantation holders from Sabah, Sarawak and Peninsu¬ 
lar Malaysia, held animated discussions and exchanged 
information. More than 50 participants also joined a field 
trip to the Fuasong Forestry Centre, about 100 km from 
Tawau to observe demonstration/experimental stands of 
teak and mahogany on the next day. This seminar was very 
timely and successfully promoted the establishment of 
plantations of teak and mahogany species in Malaysia, 
especially in Sabah. 

(Kazuma Matsumoto) 


4th Seminar on “Brackish Water Project” Held in Malaysia 


On December 8-9, 1998, the 4th “Brackish Water Pro¬ 
ject” seminar was held in the Conference Room of the 
Hotel Equatorial Penang, in Penang Island, Malaysia. This 
project on “Productivity and Sustainable Utilization of 
Tropical and Subtropical Brackish Water Mangrove 
Ecosystems” aims to evaluate the productivity of the above 
areas and identify the criteria for sustainable utilization of 
resources. The West coast of Peninsular Malaysia has been 
selected as the study area due to the presence of various 
types of mangrove forests differing in the level of manage¬ 
ment and exploitation. The counterpart organizations 
include the Fisheries Research Institute (FRI), the Universi¬ 
ty of Malaya (UM) and the Forest Research Institute of 
Malaysia (FRIM). 

Subjects addressed in the seminar were as follows: 

1) Forest and litter fall, 2) Benthic communities, 3) Aquatic 
organisms, 4) Socio-economic aspects, 5) Environmental 
aspects. About 40 scientists and government officials from 
Japan, Malaysia, and Australia participated in the seminar, 
and fourteen papers were presented. 

During the 4th seminar, Mr. Hashim Ahmad, Deputy 
Director General of the Department of Fisheries Malaysia 
gave an opening address, and Dr. Shiro Uno of JIRCAS 
presented closing remarks. 
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During the two days’ seminar, it was concluded that the 
surveys conducted in 1997-1998 in the mangrove forest and 
waters had been completed. At that stage, it is necessary to 
analyse the structure of the mangrove ecosystems and to 
ensure that economic activities in these areas are sustain¬ 
able. 

(Katsuhiro Kiso) 



Photo: Survey in the Merbok Mangrove Estuary 




Topics 

Current Status of Collaborative Research Activities between 
IWMI and JIRCAS 


The International Irrigation Management Institute (IIMI), 
one of the sixteen organizations supported by the CGIAR , 
was established by an Act of Parliament in Sri Lanka. The 
Act is currently under amendment to rename the Institute as 
International Water Management Institute (IWMI). 

IWMI implements four global research programs to 
improve water resources and irrigation management as fol¬ 
lows: 1) Performance and Impact Assessment, 2) Design 
and Operation of Irrigation Systems, 3) Policy, Institutions 
and Management, and 4) Health and Environment. Collab¬ 
orative research activities between IWMI and JIRCAS 
cover the Design and Operation of Irrigation Systems Pro¬ 
gram. 

Two studies are being carried out as follows:“Optimal 
Water Management under Water Deficit Conditions” and 
“Soil Salinity Problems.” 

The site for the “Optimal Water Management” study is 
located in the North-Central province of Sri Lanka. Irriga¬ 
tion water is used not only for agriculture but also for 
bathing, washing, as drinking water, etc. Although rainfall 
is usually abundant in this area, due to the lack of effective 
water management, the amount of water available for agri¬ 
culture and daily life is sometimes insufficient. Many small 
tanks (ponds) are connected to one another (tank cascade 
system) in the area and they comprise the main water reser¬ 
voirs. At first, it is necessary to analyse the water balance 
in these systems for identifying optimum cropping patterns 
based on traditional systems and more advanced technolo¬ 
gy in order to improve water management. As a result, crop 
productivity could be enhanced and maintained during the 
dry season, also. These practices could be adopted in other 
areas in Sri Lanka and in other countries. 

Soil salinity is one of the most severe problems in arid 
and semiarid environments. Sometimes, it is caused by 
inadequate water management practices such as waterlog¬ 
ging, which is associated with excessive irrigation and 



(Sri Lanka) 

which induces soil salinity. Soil salinity is a complex phe¬ 
nomenon which is region-specific. Productivity can be 
improved in the affected areas and it is important to deter¬ 
mine the main causes of salinity so as to reduce it. The 
main factors can be determined by statistical methods, and 
one prediction model could be constructed with these para¬ 
meters to predict the areas that may experience soil salinity. 

“Soil slotting” is considered to be a useful technique to 
improve salinized (sodic) land. In this technique, some slots 
are cut and filled with soil and chemical substances or 
organic matter. It is important to analyse the soil-water and 
solute movement in this technique to identify suitable spec¬ 
ifications (slot width, depth, space, etc.). These parameters 
can be simulated using a solute movement model under dif¬ 
ferent water management conditions. Such a technology 
may enable to promote sustainable agriculture and raise the 
productivity of crops. The results could be applied to other 
salinized areas. 

(Yoshiyuki Shinogi) 


JIRCAS Symposium 

The 6 th JIRCAS International Symposium 

GIS Applications for Agro-environmental Issues in Developing 
Regions 


The symposium on “GIS Applications for Agro-environ¬ 
mental Issues in Developing Regions” will be held in 
Tsukuba, Japan during the period of September 7-9, 1999. 

The greatest challenge for mankind today is to develop 
agricultural systems that would enable to utilize biological 
and natural resources adequately to feed the global human 
population and preserve the resources simultaneously. To 
meet this objective, quantitative and temporal evaluation of 
the resources in a given environment is required. However, 
geographic information to be used for this purpose has been 


lacking in many developing regions, which has hindered 
the precise evaluation. Geographic Information Systems 
(GIS) are now expected to become an effective tool to pro¬ 
duce various kinds of evaluation maps on the environment 
by overlaying multiple geographic data. These data include 
not only drawn map sheets and written statistics but also 
digital remote sensing data, which have been accumulated 
for a quarter of a century and should be effective for quan¬ 
titative and temporal analyses of various agro-environmen¬ 
tal issues, including deforestation, desertification, soil 
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erosion and salinity, etc. 

JIRCAS is actively implementing GIS-related research 
in collaboration with various countries in different geo¬ 
graphic environments. This symposium offers a unique 
opportunity to review the studies carried out in this field by 
JIRCAS and other institutes, evaluate the current status of 
research and plan for the future. About 200 participants will 
attend the symposium and JIRCAS welcomes their active 
participation. 

The symposium consists of two keynote speeches and 
three sessions as follows: 

Keynote Speech: Application of GIS and remote sensing 
technology for agro-enviromental issues in developing 
regions 

Dr. Andrew K. Skidmore, ITC, Netherlands 

Dr. Tsuyoshi Akiyama, Gifu University, Japan 

Session 1: Development of global dataset and models for 
agro-environmental sciences 


Six presentations from representative institutes of USA 
and Japan 

Session 2: Applications of GIS for agro-environmental 
issues in various developing regions 

Nine presentations covering different geographic envi¬ 
ronments (Nepal, Indonesia, China, Pakistan, Colombia, 
Thailand and Japan) 

Session 3: Education and training in the field of GIS 

Presentations from AIT (Thailand), PUSDATA (Indone¬ 
sia) and JIRCAS (Japan) 

For further information, please contact: 

Dr. Makie Kokubun, 

Research Information Division, JIRCAS 

1-2 Ohwashi, Tsukuba, Ibaraki, 305-8686 Japan 

Tel: +81-298-38-6345 

Fax: +81-298-38-6342 

E-mail: sympo@jircas.afffc.go.jp 

(Makie Kokubun) 


Visitor 

President of Tanzania Visited JIRCAS 

The President of the United Republic of Tanzania, Ben¬ 
jamin William Mkapa visited Japan in December, 1998. It 
was the first visit by an African head of state since the Sec¬ 
ond Tokyo International Conference on African Develop¬ 
ment (ITCAD II) held in Tokyo in October. Since gaining 
its independence, Tanzania has maintained close ties with 
Japan and Japan continues to extend technical and econom¬ 
ic assistance for development in many areas such as agri¬ 
culture, health, telecommunications and human resources 
development. 

During his stay in Japan, President Mkapa visited JIR¬ 
CAS on December 15. After the welcome-ceremony and 
the briefing of the center’s activities by Dr. Nobuyoshi 
Maeno, Director General of JIRCAS, (Photo, left) President 
Mkapa (Photo, center) and his group observed the Biotech¬ 
nology Laboratory where research on “Improving Plant 
Tolerance to Environmental Stress by Gene Transfer” is 
being carried out. 




Masachika MAEDA, a microbiologist (and 
protozoologist), became Director of the Fish¬ 
eries Division on January 1, succeeding Dr. 
Shiro Uno who was transferred to the National 
Research Institute of Fisheries Sciences 
(NRIFS). Before joining JIRCAS, Dr. Maeda 
was Director, Physiology and Molecular Biol¬ 
ogy Section, NRIFS. Dr. Maeda was a visiting 
research fellow at the Royal Society and 
British Museum, England from 1980 to 1983. 
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Contribution to stabilized production and increase of main crops by biological resource research 


Contribution of Biological Resources Research to the Stabilization and 
Increase of Production of Main Crops 



Tsuguhiro Hoshino 

Director, Biological Resources Division, JIRCAS 

1. Background and importance of biological resources research 

Human beings had succeeded in producing enough food by using natural resources hitherto. However, due to the rapid growth of the 
population, many developing regions in the world are now faced with the need to utilize land with major constraints on crop cultivation as 
well as to increase and stabilize agricultural production through methods compatible with the preservation of the environment. Agricultural 
technologies that optimize the use of biological resources will play an important role in determining whether these objectives can be 
achieved. In response to these concerns, the Biological Resources Division is placing considerable emphasis on collaborative on-site 
breeding research in foreign countries and on biotechnology in Tsukuba. 

2. Current activities 

JIRCAS is currently engaged in collaborative projects with 3 international centers supported by the CGIAR. At the International Maize 
and Wheat Improvement Center (CIMMYT) in Mexico, doubled haploid breeding method has been applied for enhancing breeding 
efficiency. This is because the artificial production of haploid plants followed by chromosome doubling is the quickest method for 
developing homozygous breeding lines from heterozygous parental genotypes in a single generation. Different sources of resistance genes 
to fusarium head blight are being mapped using RFLP and SSR markers. In cooperation with the International Rice Research Institute 
(IRRI) in the Philippines, studies on rice blast resistance have enabled to identify rice blast resistance genes in IR varieties (see related 
article on page 7). The collaborative research on interspecific hybridization between the African and Asian rice species ( Oryza glaberrima 
and O. sativa) has been initiated at the West Africa Rice Development Association (WARDA). Studies on the genetic and 
eco-physiological characterization of the interspecific progenies are being carried out with emphasis placed on tolerance to drought and 
acid soil conditions in West Africa. 

In China, breeding research projects have started for the evaluation of genetic resources and development of novel breeding materials of 
rice and soybean. Through the projects, elite germplasm will be selected from the abundant indigenous germplasm for the development of 
disease and insect pest resistance. In soybean production in tropical and subtropical areas, one of the major problems is the damage caused 
by insects, especially Spodoptera litura Fabricius. Since highly resistant germplasm to S. litura has not been identified yet, soybean lines 
with a higher resistance will be obtained through back-crossing by pyramiding of moderate resistance genes. Moreover, breeding research 
for improving nutrient quality and disease resistance was initiated in Brazil. New rice and soybean cultivars with superior characteristics 
will be developed by the utilization of indigenous genetic resources. 

Basic research for the application of advanced technology is being promoted in Tsukuba to support overseas research activities and to 
develop new technologies for the future. Molecular biotechnological methods have been recently utilized to study the tolerance to 
environmental stresses such as drought, salinity and freezing in higher plants. In particular, the researchers are determining how to use 
genes and regulatory factors for the production of transgenic crops tolerant to environmental stresses. A number of genes involved in stress 
tolerance were isolated using Arabidopsis thaliana and cowpea plants, and regulatory factors for the expression of these genes were 
analyzed for stress response. Many genes for transcription factors, controlling the expression of the stress tolerance genes, have been also 
isolated. Regulatory elements in promoters were identified that control stress-responsive gene expression. Using the genes for transcription 
factors and the stress-responsive promoters, multi-stress tolerance to freezing, drought and salinity was improved in transgenic 
Arabidopsis as a model. The existence of similar regulatory systems has been reported in other crop plants such as rice, tobacco and 
cowpea. 

Such studies may lead to the development of commercial crops capable of withstanding potentially damaging environmental stresses, 
thereby contributing to mitigating problems relating to the food crisis and environmental degradation in developing countries. 

3. Orientation of activities in the future 
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Contribution to stabilized production and increase of main crops by biological resource research 

In developing countries, cooperation for biological resources research should be further promoted through consortia and networks with 
advanced research units worldwide. Therefore, JIRCAS plans to strengthen its activities in close collaboration with CGIAR centers for the 
evaluation of genetic resources and breeding methodologies. Through the use of genetic resources and application of biotechnological 
procedures, collaborative breeding projects should be implemented in various countries in order to develop new varieties of rice, soybean 
and wheat characterized by high yield potential and resistance to various diseases and environmental stresses. These new varieties should 
contribute to the increase and stabilization of agricultural production with lower inputs in the developing countries. 



Wheat and corn in CIMMYT field 
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Detection of adzuki bean weevil resistant lines in wild relatives of adzuki bean 


Detection of Bruchid-Resistant Strains in Wild Adzuki Bean Germplasm 


Yoshinobu Egawa, Katsuyuki Kohno, Keiichi Takahashi, Norihiko Tomooka*, 
Somsong Chotechuen* 2 , Ithnin Bujang * 3 and Yoichi Tateishi * 4 

Okinawa Subtropical Station, JIRCAS, *National Institute of Agrobiological Resources, * 2 Chai Nat Field Crops Research Center, Thailand, 

* 3 Universiti Malaysia Sabah, Malaysia, ** University of the Ryukyus 

Adzuki bean, Vigna angularis var. angularis (2n-22, 2x) considered to have originated in East Asia is one of the most familiar legumes for 
Japanese people. This bean is cultivated for the preparation of various forms of foods including "anko" (sweet bean jelly), "seki-han" 

(steamed rice with red adzuki bean), etc. Adzuki bean belongs to the subgenus Ceratotropis of the genus Vigna. This subgenus is divided into 
two groups morphologically and phylogenetically, adzuki bean group and mungbean group. It is known that several wild relatives 
(germplasm) belonging to the adzuki bean group occur in Asia. Wild germplasm should be considered to be primary and secondary gene 
pools for the breeding of cultigens. Wild germplasm, however, is now confronted with gradual extinction due to the disturbance of the natural 
habitat by recent widespread land clearance for the construction of roads and buildings. Against this background, we collected wild adzuki 
bean germplasm in Southeast Asian countries (Photo 1). 



Photo: 1 Collection of wild adzuki bean germplasm in Peninsular 
Malaysia 


Adzuki bean weevil ( Callosobruchus chinensis) causes serious damage to adzuki bean, mungbean and cowpea seeds during storage (Photo 
2). One accession of wild progenitor species of mungbean ( V.. radiata var. sublobata), TC1966, is known to exhibit a complete resistance 
against C. chinensis. However, since there is a reproductive isolation between adzuki bean and mungbean, it was impossible to incorporate 
the resistance from TC1966 to adzuki bean through conventional crossing procedures. Therefore, we examined the accessions of wild adzuki 
bean germplasm including V. angularis var. nipponensis (wild progenitor of adzuki bean), V. nakashimae, V. nepalensis, V. minima var. 
minor, V. hirtella, V. umbellata and V. trinervia, etc. to detect the occurrence of bruchid-resistant strains within them. 



Based on feeding tests by adzuki bean weevil, V. hirtella, V. umbellata and V. trinervia exhibited a resistance against the infestation with C. 
chinensis although other species were highly susceptible. It was reported that the resistance exhibited by TC1966 was controlled by a single 
dominant gene. We plan to examine this aspect for these three wild species. V. hirtella is distributed in India (Assam, Bengal), Myanmar, 
Thailand, Indo-China, South China and Malaysia and the strains examined by us were collected in the northern part of Thailand under a 
JIRCAS project. Cross-compatibility of V. hirtella with adzuki bean was high and we have successfully obtained fertile Fj hybrids between 
them (Photo 3). We are now backcrossing the F ] hybrids with adzuki bean to develop bruchid-resistant lines with a combination of feeding 
test by adzuki bean weevil. Wild form of V. umbellata is distributed widely in northern Thailand and several accessions have been collected 
under the JIRCAS project. Hybridization between adzuki bean and V. umbellata was impossible. V. minima var. minor was, however, 
cross-compatible with both adzuki bean and V. umbellata, and could be used as a bridging species for gene flow between them. To develop 
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Detection of adzuki bean weevil resistant lines in wild relatives of adzuki bean 
resistant lines of adzuki bean, we plan to transfer the resistance gene(s) of V. umbellata first to V. minima var. minor by backcrossing this 
species recurrently to the hybrid between V. minima var. minor x V. umbellata, and then incorporate the resistance to adzuki bean by crossing 
with V. minima var. minor (which has become resistant). Geographical distribution of V. trinervia ranges from Madagascar, through South 
India, Sri Lanka, Myanmar and Indonesia, to Papua New Guinea and we have successfully collected a large number of accessions from 
Peninsular Malaysia. Cross-compatibility of V. trinervia with adzuki bean has not yet been analyzed. 



Photo 3: Hybrid plant between V. hirtella and adzuki bean, showing that the Fj 
fertility is high 


Generally, exploration and collection of wild germplasm are a time-consuming and difficult task, and there is little or no information 
available about potentially useful characteristics which it harbors. Considering the genetic erosion that occurs rapidly on a worldwide scale, it 
is important to collect wild Ceratotropis species from the areas covering then wide range of geographical distribution and evaluate and 
preserve them as genetic resources. 
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Surface Analysis of Starch Granules 


Tamao Hatta, Seiko Nemoto and Keiji Kainuma * 

Environmental Resources Division, JIRCAS 
* Bio-oriented Technology Research Advancement Institution (BRAIN) 

Surface-sensitive analytical techniques, AFM (Atomic Force Microscopy) and XPS (referred to as either X-ray Photoelectron Spectroscopy 
or ESCA: Electron Spectroscopy for Chemical Analysis) have been developed in many fields. With AFM, imaging of nearly any surface can 
be achieved by atomic force under vacuum, air and solution conditions and surfaces can be observed during reactions. XPS is used for the 
characterization of electron structure, chemical binding state, and alteration process of the area near surface (less than 5 nm in thickness) of 
solid. A large number of recent studies on the mechanisms of rock weathering, mineral dissolution, soil genesis and desertification have been 
reported using AFM (SPI3800+SPA300, Seiko Instruments Inc.) and High-Resolution XPS (ESCA300, Gammadata-Scienta AB) in our 
laboratory. Recently, AFM and XPS have been applied to a wide variety of materials. 

The results of application of AFM and XPS for the characterization of the surface structure of starch granules is presented in this paper. Data 
on AFM imaging and detailed XPS spectra of starch had not been reported hitherto. The detailed structure of the starch surface observed by 
AFM is shown in Fig.la. This is the first time that the rough surface structure of a potato starch granule was studied by AFM. We observed a 
cavity, presumably hilum, less than 1/Em in diameter. After embedding potato starch in paraffin, sample specimens were prepared by cutting 
with a microtome and the linear structure of the inner part of the granule was observed at the molecular level(Fig.lb). 

«@Fig. 1, AFM images of a potato starch. 

(a) A granule of potato starch. 10 fEm«. 

(b) Inner part of potato starch granule. 80 nm». 

Considering the electron shell in relation to the molecular structure, we analysed the electronic state of the starch granule using XPS as 
chemical structural probe. The narrow spectra of C Is orbital of potato starch and waxy com starch were measured compared with those of 
several saccharides (Fig. 2). The C Is photopeak of starch is characterized by the presence of a chemical shift with a small peak at the low 
binding energy site. To examine this peak, the amorphous precipitate was prepared by gelatinization of native crystalline starch. The peak at 
the low energy site disappeared in the Cls spectrum of the amorphous product as anticipated. Consequently, it was revealed that the specific 
photopeak of starch corresponds to the three-dimensional structure of the crystal in reference to the double helix structure of starch. 
Investigations of the atomic structure and binding state of crystals of starch and saccharides using AFM and XPS have just been initiated. 

Fig. 2. C Is narrow spectra of two kinds of starch and related saccharides. 


HEXTh > 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1999/No.19/04hatta.htm [10/7/2002 8:51:10 PM] 












Fig. 1. AFM images of a potato starch. 

(a) A granule of potato starch. 10 /Em*. 
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(b) Inner part of potato starch granule. 80 nm« 
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Fig. 2. C Is narrow spectra of two kinds of starch and 
related saccharides. 
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Assessing Nitrogen Pollution in Chinese Agriculture 


Kazuyuki Yagi 

Environmental Resources Division, JIRCAS 

China is the largest producer, as well as the largest consumer, of food in the world. The introduction of new technologies and reform policies 
has substantially improved food supply conditions to meet the large demand for grain in this country. On the other hand, adverse effects of 
modem intensive agriculture on the environment have recently become apparent and the sustainability of land resources and environment has 
become a cause for concern. Environmental problems due to intensive agriculture, such as land degradation, shortage of irrigation water, and 
pollution of air and water, have become serious in various parts of China. Many of these problems have resulted from the use of agricultural 
land in a manner that overloads nutrients, in particular nitrogen. Indeed, consumption of nitrogen fertilizer in China has increased by about 
60% during the last decade and accounted for 23.6 M ton nitrogen in 1995. Chinese agriculture must now address serious issues: How large is 
the environmental impact of intensive cropping systems? How is the impact changing? What will happen in future? How can we mitigate the 
impact? 

To answer these questions, JIRCAS launched a 7-years' collaborative research project entitled "Evaluation and Development of Methods for 
Sustainable Agriculture and Environmental Conservation" with two Chinese research institutes: the Institute of Soils and Fertilizers, Chinese 
Academy of Agricultural Sciences and the Institute of Soil Sciences, Chinese Academy of Sciences since 1997. The project is conducted as 
one of the components under the comprehensive collaborative research project between JIRCAS and research institutes and universities in 
China and aims to develop technologies that minimize the adverse impact associated with nitrogen fertilization and, at the same time, secure 
sustainable food production. 

The project covers four major and remarkable agricultural regions in China (Fig. 1): 1) Huang-Huai-Hai plain which is one of the main 
maize-wheat production areas distributed in alluvial lands of three large rivers. 2) Jing-Jin-Tang region where highly intensive farming of 
upland crops and vegetables is performed in the suburbs of big cities. 3) Tai-hu region where highly intensive rice-wheat cropping is 
performed in the lower reaches of Changjiang River. 4) Red soil region where double cropping of rice is widely adopted in hilly lands located 
in the subtropical zone. Both field experiments and regional analyses are conducted at typical sites of each study area. The field experiments 
determine the plant uptake efficiency and environmental impact of different types and management practices of nitrogen fertilizers. The 
regional analyses evaluate the nitrogen balance and its losses to the environment in the region by the application of a nitrogen flow model. 
Combining the results of the field experiments and the regional survey, the status of nitrogen pollution in each region will be evaluated and 
alternative management strategies to minimize the impact on the environment will be proposed. 

Fig. 1. Map showing the study area of the project. 

The project is proceeding and is entering the third year as planned. Field experiments at Lingxian, Xishan, and Qiyang are currently being 
conducted. Attempts to analyse regional nitrogen flows are also being made at the corresponding sites. For instance, based on a preliminary 
analysis of the nitrogen flow in Lingxian County, Shandang Province, it was estimated that the input of nitrogen to cultivated land was, on 
the average, 594 kgN ha" 1 year 1 , while the output was 265 kgN ha" 1 year 1 (Fig. 2). These findings indicate that cultivated land in this region 
receives a balance of 329 kgN ha 1 , annually. A part of the excess nitrogen flows out to groundwater through leaching, to surface water 
through runoff, and to the atmosphere through volatilization in various forms of gaseous nitrogen. The remaining part accumulates in the soil 
layers. The results for Lingxian in this analysis suggested the potential risk of substantial pollution in the near future. 

Fig. 2. Estimated nitrogen flow in agro-ecosystems of Lingxian, 1997. The value for the flow from accumulation in cultivated land to 
the environment will be determined from the results of ongoing field experiments. 

Although increased use of nutrients is essential for meeting the growing demand of food, it is a double-edged sword. Unless nutrient supply is 
managed properly, the contribution to agricultural productivity could be offset by the adverse impact on the environment. This collaborative 
project may enable to develop environmental conservative agricultural technologies in order to contribute to sustainable development of 
agriculture in China. 
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Fig. 1. Map showing the study area of the project. 
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The International Workshop on "Learning from the Farming Systems Research Experiences in Indonesia" jointly organized by JIRCAS and 
the Center for Agro-Socioeconomic Research (CASER), the Agency for Agricultural Research and Development (AARD), Ministry of 
Agriculture, Republic of Indonesia, was held in Bogor, Indonesia during the period 3-4 March, 1999. 

Farming Systems Research (FSR) is a highly controversial subject. Some critics pretend that it has been proved to be ineffective, while some 
others tend to criticize the excess expectation from donors and policy-makers and lack of consensus among the different actors involved in 
the FSR activities during the boom period of the 1970s and early 1980s. Indonesia was not an exception and hosted a myriad of 
internationally funded farming systems projects. Compared to these, FSR activities in Indonesia in recent years did not attract the attention of 
international observers. However, with the establishment of the Assessment Institutes for Agricultural Technology throughout the country in 
1995, it appears that Indonesia has entered another stage of FSR. 

By combining both historical and up-to-date information regarding FSR experiences within the AARD organizations, this workshop 
contributed to the reconciliation of views between the two extremes, negative or positive, regarding the benefit of FSR. The participants in 
the workshop tried to address the following key issues from various angles and with diverse personal experiences. 

-How can we interpret the past 25-year history of FSR in Indonesia? 

-What are the roles and relationships of researchers and extension specialists in FSR? 

-What are the roles of the social and natural sciences in the FS approach? 

-How adequate or inadequate is the institutional framework? 

-Foreign assistance in and commitment to FSR: How can Indonesia use these most effectively? 

-Technology in FS approach: assessment of technology vs. technology for assessment 

Approximately fifty people from Indonesia, Japan, Australia, and the U.S.A. participated in the workshop. The workshop was successful due 
to the strong commitment of the experienced staff of CASER. All the participants realized that the system of FSR still needs improvement 
and stressed the importance of mutual exchange of information. The Proceedings of the Workshop will be published by JIRCAS in 
1999/2000. 



Participants in the workshop 


(Junko Goto) 
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’’JIRCAS Seminar in Bangkok” 


JIRCAS Thailand Office held a sem in ar entitled "JIRCAS Seminar in Bangkok 1999" on March 3, 1999 at Maruay Garden Hotel in 
Bangkok. The main purpose of the seminar was to introduce our collaborative research activities to the people who had been concerned about 
or interested in the activities of JIRCAS in Thailand. This type of seminar was held in 1994 at the time of the 25 th anniversary of the 
collaboration between the research organizations in Thailand and TARC (Tropical Agriculture Research Center)/JIRCAS. Therefore, this 
seminar covered JIRCAS activities in Thailand during the past 4 years. 

To better understand and overcome agricultural problems in Northeast Thailand, JIRCAS initiated a research project entitled "Comprehensive 
Studies on Sustainable Agricultural Systems in Northeast Thailand." Therefore, most of the scientists who have been dispatched to Thailand 
by JIRCAS at present are more or less related to the Northeast Thailand project except for the collaborative project in the field of fisheries 
entitled "Studies on the Development of Sustainable Aquaculture Technology in Southeast Asia." 

There were 150 participants from the Department of Agriculture (DOA), Department of Livestock Development (DLD), Land Development 
Department (LDD), Kasetsart University (KU), Khon Kaen University (KKU), Asian Institute of Technology (AIT), National Research 
Council of Thailand (NRCT) and International Board for Soil Science Research and Management (IBSRAM). 

After the Inaugural Address delivered by Dr. Ananta Dalodom, Director General of DOA, 19 reports were presented during 6 sessions. In 
Session 1, an outline of the project on "Sustainable Agricultural Systems in Northeast Thailand" was given by the project leader Dr. S. Matsui 
and 3 reports were presented. Technical reports on animal production and grassland were presented in Session 2. In Sessions 3 and 4, nine 
reports were presented on soils and plant nutrition. Three reports were presented in the field of fisheries in Session 5. In Session 6, 2 reports 
were presented on plant pathology and postharvest technology. 

At the end of the seminar, special comments related to the activities of JIRCAS in Thailand were made by Prof. Karl E. Weber, Vice 
President of AIT, Mr. Chaiyasit Anecksamphant, Deputy Director-General of LDD, Associate Prof. Supot Faungfupong, Vice President of 
KU, Associate Prof. Anake Topakngam, Dean of KKU and Ms. Tuenchai Niyamangkoon, Chief of NRCT. 

The proceedings entitled "Highlights of Collaborative Research Activities between Thai Research Organizations and JIRCAS" with 58 
reports were published by JIRCAS Bangkok Office. 


(Masaaki Suzuki 
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IRRI-JIRCAS Collaboration within the Framework of the Special Project 
Funded by the Japanese Government 


Hiroshi Kato and Motohiko Kondo 

IRRI, Los Banos, Laguna, Philippines 

Background of the project 

Japan International Research Center for Agricultural Sciences (JIRCAS) and International Rice Research Institute (IRRI) have been 
collaborating by assigning Japanese breeders, agronomists and physiologists to IRRI in the Philippines under a special project funded by the 
Japanese Government since 1984. The first phase of the project covering the period 1984 to 1989 dealt with the development of low nitrogen 
input technology and the identification of genes that conferred a resistance to various races of the pathogen of bacterial leaf blight disease. 

The second phase covering the period 1989 to 1994 dealt with the development of direct seeding technology and study of genetic aspects of 
rice tungro disease. The third phase of the project initiated since December 1994 will be terminated in November 1999. Studies on the genetic 
control of rice blast and nutrient-water interaction in upland rice are being currently carried out. 

Rice blast 

Rice blast is a major disease of rice worldwide. For improving the varietal resistance against rice blast, pyramiding of major genes, 
accumulation of minor genes, combination of major and minor genes, and development of multilines of major genes are considered to be 
effective methods. Information about the genetic constitution of major genes in rice cultivars and the pathogenicity of blast isolates is a 
prerequisite for all these strategies. 

Resistance genes of various varieties were estimated based on their reactions to Philippine blast isolates whose pathotypes were confirmed by 
the use of Japanese differential varieties. Inheritance of blast resistance and allelism tests were also conducted by inoculating BC] F 2 lines of 
crosses of IR varieties with C039. Blast resistance genes, Pi b, Pi k-s, Pi a, and Pi 20 were identified in IR24. Pi 20 has been recently 
identified. The blast resistance gene constitution of IR34, IR36, IR46, IR56, IR60, IR64, and IR74 was determined and the resistance genes 
of other IR varieties were also estimated based on the reaction to Philippine blast isolates. 

We are developing lines with a single additional resistance gene from crosses with four recurrent parents and over 40 donor parents with blast 
resistance genes. The lines possess the genetic background of Lijiangsintuanheigy (LTH), C039, IR24, and IR49830-7-1-2-2. LTH is a 
japonica variety which does not harbor any known rice blast resistance genes. C039 is an indica variety which is expected to harbor a Pi a 
gene for rice blast. These lines will be used as rice blast differential systems for the identification of the pathogenicity of blast isolates in each 
country. By using such isolates, the resistance genes of different varieties in the world will be identified. IR24 is a variety suitable for 
irrigated rice ecosystems and IR49830-7-1-2-2 is an elite line for rainfed lowland areas in Thailand. These lines will be used as rice 
blast-resistant multilines for the first time in tropical areas. 

Nutrient-water interaction in upland rice 

In the last few decades, a remarkable increase in rice yield was achieved in irrigated ecosystems in Asia. In contrast, the average yield in the 
upland areas remains at 1.2 t ha 1 , a value much lower than the average yield of 3.5 t ha 1 in the irrigated systems. Major factors that limit the 
productivity of upland rice include unstable water- availability and low nutrient supply. The IRRI-JIRCAS Project seeks to analyse the role of 
the interaction of water and nutrients in determining yield and develop management options for overcoming these two constraints. 

The study focuses on the effect of soil and crop management on the water-capturing capacity of rice roots and the improvement of N use 
efficiency under fluctuating water regime in upland areas. High sensitivity of rice to water stress can be primarily attributed to the low 
capacity of shallow roots to capture water. After water stress, com could extract water from lower layers deeper than 60 cm, while rice could 
extract it only at a low rate below 40 cm so that the total water uptake declined rapidly (Fig. 1). It is important to improve the effective 
rooting zone for water capture by genotypic and environmental manipulation. Field experiments in major upland rice areas in the Philippines, 
Thailand, and India, revealed that the nutrient supply environment for N and P in the surface soil may have a significant effect on the 
water-capturing capacity from layers below the surface through its effect on root development and, consequently, on the performance of the 
rice plant under stress. This finding implies that the deficiency in nutrients is likely to enhance water stress. In the course of the project, a 
quantitative analysis of the compensating effect of nutrient input on yield loss due to drought in tropical Asia is being conducted presently. 

Fig. 1. Water extraction from soil profile by rice and maize under water stress. 

To alleviate the scarcity of water which is becoming a serious constraint on agriculture in the tropics with increasing population, efforts for 
the improvement of rice production under water-limited conditions are considered to be crucial for maintaining the food security. 

The fourth phase 

The fourth phase is under preparation, and it will start in October 1999 until September 2004. In that phase Japanese scientists will conduct 
"Physiological and genetic studies on yield determination and ecological adaptability for sustainable agriculture." The Japanese scientists are 
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expected to breed varieties that are resistant to multiple diseases and pests and are environment-friendly and to develop suitable agronomic 
practices for the new varieties by using DNA marker selection technology. 
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ICRISAT/JIRCAS International Workshop 


The International Workshop: 

Food Security in Nutrient-Stressed Environments: Exploiting Plant Genetic Capabilities 

The workshop on "Food Security in Nutrient-Stressed Environments: Exploiting Plant Genetic Capabilities" will be held at 
ICRISAT-Patancheru, India during the period of September 27-30, 1999, organized by the International Crops Research Institute for the Semi 
Arid Tropics (1CRISAT) and Japan International Research Center for Agricultural Sciences (JIRCAS). 

ICRISAT has been hosting a Special Project funded by the Government of Japan on "Sustainable Cultivation of Upland Crops in the 
Semi-Arid Tropics" since December 1984. During the first phase (1984-89), scientists found that pigeonpea can increase the available 
phosphorus (P) pool of cropping systems in which it is grown by accessing Fe-P via its unique root exudates. In the second phase (1989-94), 
root distribution in cropping systems was examined as a prerequisite to understanding N acquisition from the soil. The current phase III 
(1994-1999) is examining the physiological and genetic adaptation of crop plants to low-nutrient environments. This workshop is being 
organized to round off the activities of phase III of the project. 

The objectives of the workshop are: 

• To explore the scope for genetic manipulation of the ability of crop plants to gain access to and utilize nutrients (N, P) 

• To prioritize candidate mechanisms for enhancing nutrient uptake and use in terms of suitability for genetic manipulation 

• To examine appropriate methodologies for genetic enhancement of crop plant ability to absorb nutrients and use them efficiently 

• To suggest how genetic options can best be combined with management options to improve nutrient uptake and use 
The workshop consists of four sessions as follows: 

Session 1: Breeding for low nutrient environments: is it sustainable? 

Session 2: Candidate mechanisms 

Session 3: Methodology for genetic manipulation of nutrient availability 
Session 4: Combining genetic improvement with natural resource management 

For further information, please contact: 

Dr. J. J. Adu-Gyamfi 
ICRISAT, Patancheru, 502 324 AP, India 
Tel +1 650 833 6640, Fax +1 650 833 6641 
E-mail: j. j. adugyamfi@cgiar.org 
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PEOPLE 



Kazuyuki TSURUMI, an agricultural economist, became Director of JIRCAS's International 
Research Information Division, succeeding Mr. Kunio TSUBOTA who moved to Agricultural and 
Economic Development Analysis Division, Economic and Social Department, FAO. Mr. Tsurumi, 
until recently, was Managing Director, Agriculture Forestry and Fisheries Development Study 
Department, Japan International Cooperation Agency (JICA). He joined the Headquarters of the 
Ministry of Agriculture, Forestry and Fisheries (MAFF) in 1974 and mainly worked in the field of 
international affairs. During 1986-1991, he served as an agricultural economist at OECD, Paris. 



Toshiaki TANIGUCHI, a veterinary pathologist, succeeded Dr. Mitsugu SHIMIZU as Director of 
JIRCAS's Animal Production and Grassland Division. Before joining JIRCAS, he was Associate 
Director for Research, Department of Pathology and Physiology, National Institute of Animal Health. 
Dr. Taniguchi was involved in several JICA's animal health projects in Indonesia, Malaysia and 
Thailand as a short-term expert. 
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Collaborative Research on Issues Relating to Environmental Resources 



Tadao Hamazaki 

Director, Environmental Resources Division, JIRCAS 

In developing regions, increasing the supply of agricultural products and stabilizing agricultural productivity are matters of great urgency due 
to the rapid increase in human population and the improvement in the standard of living. In these regions, the greatest challenge for 
agriculture today is to sustain agricultural production under adverse soil and climatic conditions, because most of these regions are located in 
unfavorable agricultural environments such as low soil fertility and/or arid and semi-arid climate, and many farmers can not afford to use 
enough fertilizers and agricultural chemicals due to economic constraints. Therefore, it is necessary to develop agricultural technologies, 
which may enable to use more efficiently the local organic resources or to maximize useful functions of plants and microorganisms, based on 
the characteristics of soils, climate, and socioeconomic conditions. 

Recently many attempts have been made to increase food production in these regions. However, these efforts have led to a deterioration of 
agricultural environments and global environmental problems such as pollution of rivers, lakes and inshore waters, soil degradation, and 
deforestation. These environmental problems have been caused by excessive application of fertilizers and agricultural chemicals, large-scale 
feeding of livestock, overgrazing, inappropriate irrigation, overcropping, and expansion of agricultural lands. Accordingly, sustainable 
agricultural technologies compatible with environmental preservation should be developed based on the analysis of the mechanisms of 
material cycling in the agro-ecosystems. 

On the other hand, agriculture is practiced under various natural and social environments in these regions. Therefore, it is necessary to 
analyze the actual conditions and characteristics of the environmental resources to develop agriculture compatible with environmental 
conservation. However, geographic information on land and environmental resources is lacking in many of these regions. Geographic 
information systems (GIS), are now expected to become an effective tool for developing methods for the analysis and evaluation of the 
spatial and temporal changes of environmental resources and for producing various kinds of evaluation maps on environment by overlaying 
multiple geographic data including remote sensing data. 

To address these problems, the Environmental Resources Division (ERD) is conducting research to develop technologies for the promotion of 
sustainable agriculture and environmental conservation. In the comprehensive research projects on sustainable agricultural technologies in 
Northeast Thailand and on agro-pastoral rotation systems in Brazil, EDR researchers are carrying out studies on the evaluation of 
sustainability of the agricultural systems from the viewpoint of material cycling and utilization of local organic resources and nitrogen-fixing 
plants. At the same time, in the comprehensive research projects on sustainable production and processing of major food resources in China 
and on the evaluation and improvement of farming systems in the Mekong Delta of Vietnam, other EDR researchers are performing studies 
on the evaluation and development of methods for the improvement of agricultural activities compatible with the preservation of the 
environment and the ecosystems. 

The Division is also promoting research on GIS. Within the framework of the Northeast Thailand project and the comprehensive research 
project on the evaluation and improvement of regional farming systems in Indonesia, ERD researchers are analyzing the mechanisms of land 
use changes and physical factors for regional farming systems. Additionally, in the China project, GIS researchers are studying the spatial and 
temporal characteristics of environmental conditions of agricultural lands. 

Furthermore, one researcher is developing monitoring systems of evapo-transpiration, depth of snow and soil moisture under the harsh 
climatic conditions in the Mongolian plateau. 

The Division is also conducting two special projects in collaboration with the international agricultural centers. With the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT) in India, the Division has been involved in studies on the physiological and genetic 
adaptation of sorghum and pigeonpea to low nutrient availability in the semi-arid tropical environment. Researchers dispatched by the 
Division to the International Rice Research Institute (IRRI) in the Philippines have been conducting studies on the stabilization of rice culture 
under water stress in the tropics utilizing a broader spectrum of genetic resources. These two projects will end in 1999, and the Division is 
planning to dispatch a researcher to initiate a new research project entitled "Physio-genetic studies on yield determination and ecological 
adaptability for sustainable rice culture" at IRRI scheduled to begin by the end of this fiscal year. 

On the other hand, at WARDA (West Africa Rice Development Association), one researcher is carrying out studies on the genetic and 
eco-physiological characterization of indigenous rice varieties and interspecific progenies, with emphasis placed on tolerance to drought and 
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acid soil conditions in the West African region. 

In addition, the EDR is actively engaged in research activities within the framework of the JIRCAS Fellowship Program in the field of 
material cycling, GIS, photoelectron spectroscopy, etc. and frequently invites to Tsukuba counterpart researchers from the organizations with 
which JIRCAS carries out collaborative studies. 



Sugarcane field in Northeast Thailand: sugarcane residues are 
used to improve soil fertility 



Experimental field for rational fertilizer application to 
prevent excess application in China 
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Biological Control of Fish Diseases in Aquaculture 


Masachika Maeda 

Director, Fisheries Division, JIRCAS 

The health of fish in aquaculture, as well as in nature, depends primarily upon their inherent resistance to microbial invasion, and the 
biological equilibrium between competing beneficial and detrimental microorganisms at the fish/water environment interface. In fact, useful 
and harmful microbes in the water environment directly affect the growth of fish (Maeda, 1999). 

More than one million of microorganisms per milliliter inhabit the aquatic environment and affect each other, both through the substances 
they produce and emit, as well as through the various ways they come into contact with one another. Fertilization of aquaculture seawater, 
through the addition of low concentrations of organic materials, leads to an increase in the number of microorganisms which utilize the 
organic materials as nutrients to construct microbial assemblages which enhance the survival rates of fish larvae (Maeda, 1999). In 
aquaculture, where phytoalgae are used as the main live food, the survival rates of prawns, crabs and finfish are not considered to be 
sufficiently high. However, if certain species of bacteria are present with the algae, the survival rate increases significantly. It is therefore 
preferable to feed microbes to fish along with algae (Maeda, 1999), although the control of these microbial assemblages is essential to 
prevent the pathogens from dominating the microbial communities. Thus microorganisms play several useful roles which help to maintain 
suitable environmental conditions in aquaculture and promote fish growth, as well as functioning as live food. 



The bacterial strain cultured in the ZoBell 2216E 
medium in seawater at 25°C f° r 4 days was added 
into seawater where the larvae of striped jack 
were reared 


The methods of determining how to keep pathogenic microorganisms, mainly bacteria and viruses, away from fish rearing environments are 
one of the main concerns of the people engaged in aquaculture. To this end, the filtration of water, the addition of sodium chloride, ozonation, 
the use of ultraviolet light, and even the use of artificial compound food containing antibiotics for sterilization, are all commonly adopted 
techniques in aquaculture. People in aquaculture tend to consider that these procedures can eventually eliminate all the microbes in seawater, 
and produce and maintain a nearly pure water quality. However, with these treatments, pathogenic microorganisms which cause fish diseases 
cannot be permanently removed from the water. For example, if the antibiotic kanamycin is added to seawater, the bacterial numbers 
decrease for about two days, but eventually the numbers will recover to their original level. The same phenomena can be seen when seawater 
is sterilized by fdtration, ozonation or ultraviolet light treatment. After such treatments, bacteria grow very quickly because antagonism 
among the bacterial populations is reduced. Furthermore, no one can anticipate what kind of bacterial species may grow in the vacant space 
generated by the above treatments. Penaeus prawn aquaculture in Asia and South America in part has not yet recovered from its collapse in 
the 1980s. In addition, many fish diseases are spreading through aquaculture facilities worldwide. 

Although people who are engaged in aquaculture have started to realize that antibiotics are less effective, almost no alternative method of 
controlling diseases has been developed. It is therefore essential that new methods should be adopted wherein the antagonism of certain 
microorganisms is used to repress other pathogenic microbes, bacteria and viruses, in seawater. 

The antagonism among microbes is a naturally occurring phenomenon through which pathogens can be killed or reduced in number in the 
aquaculture environment. This method, which is called biological control or biocontrol, has already been recognized in the field of 
agriculture. For example, the famous bacterium, Bacillus thuringiensis, which infects pathogenic insects orally and eventually kills them is 
now commercially available in Europe and North America where several thousands of tons are used. These positive results have led to further 
studies using viruses, fungi and protozoa as biocontrol agents to eliminate pathogenic organisms. This approach in aquaculture is described in 
detail herein. 

Several viral diseases have seriously affected the fish rearing industry. Penaeus prawn, P. monodon and P. japonicus, have almost all been 
infected with Baculo-like viruses. In Taiwan, the production of P. monodon decreased from about 90,000 metric tons in 1987, to 30,000 in 
1988, to 20,000 in 1989, and has still not recovered. In Japan since 1993, the prawn rearing industry of P. japonicus has been seriously 
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damaged by a virus infection, and many prawn nursery ponds in the western part of Japan stopped production because all the prawns died. 
There are also other viruses: Infectious Hematopoietic Necrosis Virus (IHNV) and Infectious Pancreatic Necrosis Virus (IPNV) which infect 
salmon, Hirame Rhabdovirus (HIRRV) which infects a flounder, the Yellowtail Ascites Virus (YAV) which infects yellowtail, Striped Jack 
(Sima-Aji) Nervous Necrosis Virus (SJNNV) which mainly infects striped jack, the Irido Virus which infects sea-bream, and many more, all 
of which cause serious damage in aquaculture. 

Using the direct counting method combined with electron microscopy, virus counts were reported to range from 10 4 - 10 8 virus particles /ml, 
i.e. numbers which were 10 3 - 10 7 times higher than previous reports of virus particle numbers in natural aquatic environments, that in turn 
were based on counts of plaque-forming units using various host bacteria. Thus viral concentrations changed from 10 4 to 10 8 virus 
particles/ml, which indicates the possible effect of anti-viral microorganisms on the presence of virus particles in seawater. This phenomenon 
helps to explain why the concentration of viruses fluctuates so markedly in sea and fresh-water. In addition, viruses have the ability to be 
transferred from one infected organism to another through the water environment. If anti-virus bacteria dominate the water environment, 
virus transfer among fish communities may be repressed to a large extent. Based on this concept, anti-virus bacteria are used in rearing 
procedures of larvae in practical aquaculture applications. 

According to one hypothesis, bacteria which are able to inhibit the growth of other bacteria, may also inhibit the growth of viruses. From this 
point of view, for the detection of anti-virus bacteria in seawater, the first step should be to determine the anti-bacterial activity. This 
procedure is easier than determining the anti-viral activity directly. The bacterial strain VKM-124, Pseudoalteromonas undina, which has a 
vibrio-static activity and is used in practical aquaculture, inhibited the appearance of the cytopathic effect (CPE) on the epithelioma 
papillosum cyprini (EPC) cells in which about a 2-day delay was observed in the P. undina experimental fraction, compared to the control 
fraction. Thus this strain, which shows a strong antibacterial activity, can inhibit the growth of the virus. 

The bacterial strain VKM-124, Pseudoalteromonas undina, used in aquaculture processes, is able to prevent fish larvae from being infected 
with SJNNV, Baculo-like viruses and Irido virus. When this useful strain was added to water at a concentration of about 10 6 cells/ml in 
rearing containers of Penaeus prawn, Sima-aji and Sea-bream larvae, the survival rates of these larvae were much higher in the presence of 
the bacterium than without the bacterium. All the fish larvae died due to viral disease without the addition of the bacterium (Fig. 1) (Maeda, 
1999). 

Fig. 1. Survival of Sima-aji (Striped jack, Caranx delicatissimus ) larvae with and without the bacterium VKM-124, 

Pseudoalteromonas undina. Larvae died due to infection with the virus, SJNNV, in the container without the 

addition of the bacterial strain. 


Viruses in seawater spread from infected fish to others which are not yet suffering from disease. However, probiotic bacteria may inhibit the 
migration of viruses among fishes. In addition, if fish feed on such probiotic bacteria, the immune system of the fish may become stronger, as 
shown in the enhancement of immune activities of vertebrates with bacteria in many reports. With such useful effects and features, probiotic 
bacteria could certainly be extremely effective in protecting fish from the spread of viral diseases in aquaculture. 

Note: Detailed information and references are available in the book of Maeda (1999); Microbial Processes in Aquaculture. Natl. Res. Inst. 
Aquaculture, 102 pp. The scientists who would like to read this book can obtain it by writing to JIRCAS. 
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with and without the bacterium VKM-124, Pseudoalteromonas 
undina. Larvae died due to infection with the virus, SJNNV, in the 
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Numbers of larvae used: 254, 000 Ind. 

Water volume: 20 metric tonnages. 

Bacterial numbers added every day for 17 days: about 1 million 
cells/ml. 
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Soybean Virus Diseases in Northeast China 


Masaaki Nakano 

Biological Resources Division, JIRCAS 

Northeast China is the major soybean production area in China. More than 40% of soybean grains in China are produced in three provinces 
in the Northeast, i.e., Heilongjiang, Jilin, and Liaoning. JIRCAS has initiated a program of collaborative research on soybean breeding with 
The Soybean Institute of Jilin Academy of Agricultural Sciences. At first, we focused on soybean virus diseases that cause severe damage 
to soybean production. 

In a soybean field, sometimes plants display symptoms such as curling of leaves, deep leaf color and pale green or yellow mosaic, 
brownish necrosis along the leaf veins, or dwarfing. These are the typical symptoms of soybean virus diseases and sometimes they lead to a 
severe yield reduction. Many viruses infect soybean in China. Since each virus shows a different mode of transmission, the kinds of viruses 
should be identified and characterized in Jilin province for control including breeding of resistant varieties. 

We investigated soybean virus diseases all over the Jilin province by applying the Dot-ELISA method using virus-specific antisera and by 
electron microscopy. We could detect the soybean mosaic virus (SMV),cucumber mosaic virus-soybean stunt strain (CMV-SS),alfalfa 
mosaic virus (AMY),and bean common mosaic virus (BCMV) during the period 1996-1998 (Table 1). 


Table 1. Detection of soybean viruses by Dot-ELISA in Jilin province (1996-1998) 


Region 

No. of tested 
materials 

SMV 

BCMV 

CMV-SS 

AMV 

Baicheng 

35 

3 

2 

0 

0 

Qianguo 

22 

0 

2 

0 

0 

Siping 

279 

128 

10 

9 

6 

Changchun 

21 

5 

0 

0 

0 

Jilin 

52 

22 

0 

2 

2 

Yanbian 

174 

5 

0 

1 

5 

Tonghua 

10 

1 

0 

4 

0 

Baishan 

11 

0 

0 

2 

0 

Total 

604 

164 

14 

18 

13 


BCMV causes severe vein necrosis on some cultivars (Fig. 1). This virus infects other legume crops such as bean, mungbean, and adzuki 
bean and some of the plants may become a source of inoculum. Although severe yield reduction in individual soybean plants can be 
observed, the incidence is very low. 

AMV causes distinct yellow mosaic symptoms on leaves (Fig. 2). Since alfalfa and some legume grasses for animal feeds are a source of 
inoculum, AMV could be detected on soybean plants cultivated next to alfalfa fields. 

Mosaic disease caused by SMV was the major virus disease in this area (Fig. 3). As SMV can be detected in soybean seeds, SMV is 
disseminated by seeds over a soybean-growing area and the germinated plants become inoculum sources. Then SMV is rapidly transmitted 
to neighboring soybean plants by aphids. 

Although CMV-SS is also a seed-transmissible virus, its incidence was lower than that of SMV. 

The most effective method of control of SMV is the utilization of resistant cultivars. However, many SMV strains infect various resistant 
cultivars. Therefore, although resistant cultivars enable to control certain SMV strains, if another SMV strain infects the resistant cultivar, a 
severe epidemic may occur. We investigated the SMV strains in Jilin province to select cultivars suitable for the control of SMV. Our work 
revealed that almost all the isolates of SMV in this area belonged to the SMV-B strain in Japan. Besides, we observed that almost all the 
cultivars developed at Jilin Academy of Agricultural Sciences for the past years were resistant to SMV-B. If farmers replace the old 
cultivars with new cultivars, SMV could be eliminated in their fields. After the introduction of resistant cultivars, the occurrence of other 
virulent SMV strains should be carefully monitored and the agricultural institutes are responsible for providing pathogen-free seeds. 

Recently, we have isolated an unidentified virus from SMV-resistant soybean plants. This virus is different from SMV and other known 
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viruses in this area, because it does not react with the antisera used and was not transmitted by aphids. This virus must show other 
ecological characters. Therefore another strategy for control should be developed. We will soon identify it and will show how we can 
control it in the near future. 



1. BCMV 


Figs. 1,2,3. Symptoms of soybean virus diseases 
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Experimental Plantation of Dipterocarp Species in Luzon Island, 
Philippines 


Shiro Okuda* and Antonio F. Gascon * 2 

Forestry and Forest Products Research Institute, 
* 2 College of Forestry, University of the Philippines at Los Banos 


Dipterocarp species are one of the main component trees of the tropical forest. Due to the high commercial value, Dipterocarp stands have 
been logged on a large scale, leading in some areas to a serious decline of forest resources. In the Philippines, lowland forests had been 
dominated by Dipterocarp species in the past, and recently logging has spread all over the country, resulting in a remarkable reduction of 
useful timber resources. 

Reproduction of the forest generally has been achieved by natural regeneration which is too slow in some hardly disturbed cases. Planting of 
seedlings is more efficient to establish a targeted forest in a short period of time. In the case of Dipterocarp species, planting had been 
commonly carried out under canopy trees, to obtain a higher survival rate of planted seedlings. However, stagnation of growth was often 
observed. Light is efficient for the growth of seedlings and it is important to explore the possibility of plantation in an open environment with 
Dipterocarp species. 

A joint experimental plantation site had been established at the campus of UPLB (University of the Philippines at Los Banos) in cooperation 
with the SFI Department. Seedlings of eight species belonging to the Dipterocarp family were planted. All the species were indigenous to the 
Philippines and seedlings from seeds collected from Mt. Makiling Forest Reserve and the surrounding area were maintained in a nursery for 6 
months prior to planting. To analyze the growth response under different light conditions, the site was divided into two parts, one in a fully 
opened area and the other under the canopy of an Acacia stand (RLI about 30%). 

The initial growth for two years after plantation differed depending on the species. In the fully opened part, Anisoptera thurifera ssp. 
thurifera (Palosapis) and Shorea contorta (White Lauan) grew better than the other species both in terms of height and diameter. On the other 
hand, in the case of Dipterocarpus grandiflorus (Apiton) the values for these parameters were the lowest. The other species showed an 
intermediate growth between the two groups. There was no appreciable difference in growth between seedlings in the fully opened part and 
the part under the canopy for D. grandiflorus. However, the species that became big in the fully opened part showed only less than half 
growth in the part under the canopy. The survival rate showed the same trend as that of A. thurifera ssp. thurifera and S. contorta i.e., around 
90%. The rate was not significantly different between the two parts of the site. The other species showed a lower rate, and particularly D. 
grandiflorus reached a rate of about 50% after planting. 

Weed and vine growth was luxuriant in the fully opened part. This vegetation competed with the planted seedlings. To maintain higher 
growth and survival rates, weeding was an efficient treatment when practiced at intervals of 2, 3 months. In the non-weeded site, the survival 
rate decreased for all the species that had been planted. 

Thus the growth and survival varied with the species and site conditions in the opened area; microclimatic factors may vary not only in terms 
of light intensity compared to the area under canopy, but temperature and humidity of air and soil may also be different. Therefore, light is 
not the only factor that accelerates growth. Further studies focused on the response of growth to other factors should be carried out to analyze 
the species characteristics. 
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Farming Systems Research in Indonesia - Toward the Improvement of 
Household Economy in Rural Areas in West Java 


Shuichi Asanuma 

Research Information Division, JIRCAS 


Natural and socio-economic conditions surrounding agriculture 

Agricultural land area accounts for about 23% of the total land territory of Indonesia, while for 67% in Java Island. Agricultural production 
varies markedly from location to location, depending upon the natural environmental and socio-economic conditions in each region. For 
instance, rapid economic growth, industrialization, and urbanization on Java have widened the gap between cities and villages and altered 
fundamentally the social and economic conditions in rural areas. On the outer Islands, on the contrary, generally the low standard of living 
reflects the slow pace of economic development including agricultural production and the delay in the development of appropriate 
technologies to overcome the difficulties in resources exploitation. 



Cabbage field in mixed cropping system on steep slope of Beans planted in paddy fields in Pasuruan, East Java 

Mt. Bromo, East Java 


Agricultural production and research 

Most of the agricultural research in Indonesia has been focused on lowland farming systems based on the cultivation of rice. This focus, 
when combined with the effects of other governmental programs to help rice farmers, allowed Indonesia to achieve its national goal of 
self-sufficiency in rice by 1984. On the other hand, upland crop areas have not much benefited from the modern agricultural technologies 
although numerous research projects have targeted upland or rainfed lands. Consequently, upland agriculture remains much less developed 
than lowland agriculture throughout the country. Under these conditions, in addition to the shortage of rice production experienced during the 
past few years, increase of food crop production, particularly of rice, maize and soybean, both in the lowland and the upland, has become the 
most urgent target in agricultural research and development in Indonesia (Table 1). 


Table 1. Production and import of main grain crop commodities in Indonesia 

(x 1,000 ton) 




Production 


Import 


Commodities 

'85 

'90 

'95 

'85 

'90 

'95 

Rice 

38,660 

44,490 

49,860 

40 

50 

3,158 

Wheat 

0 

0 

0 

1,333 

1,767 

4,274* 

Maize 

5,300 

6,741 

8,223 

50 

9 

969 

Soybean 

825 

1,427 

1,689 

302 

541 

607 
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Bean cake 

■ 



175 

5 

682 

* Including wheat flour 

Source: FAO Production Yearbook; FAO Trade Ye; 

irbook 





Implementation of farming systems research in Indonesia 

The comprehensive research project entitled "Evaluation and Improvement of Regional Farming Systems in Indonesia" aims at examining, 
from farmers' standpoint, the socio-economic and technical achievements of the past and on-going practices relating to farming systems 
research and extension in Indonesia and at suggesting ways for improvement. A "farming systems research approach" is characterized by a 
bottom-up participatory process and an emphasis on a multi-disciplinary approach to problems in agriculture. The project started in April, 
1998 based on the Memorandum of Understanding (MOU) between the Agency for Agricultural Research and Development (AARD) of 
Indonesia and the Japan International Research Center for Agricultural Sciences (JIRCAS), and is scheduled to last for five years. The 
research institutes of Indonesia with which JIRCAS is currently collaborating include the Center for Agro-Socio-Economic Research 
(CASER), the Research Institute for Legume and Tuber Crops (RILET) of the Central Research Institute for Food Crops (CRIFC), and the 
Center for Soil and Agroclimate Research (CSAR) and Lembang Assessment Institute for Agricultural Technology (AIAT-Lembang). 

Research activities under progress and planning 

The following research activities are in progress, 1) studies on the farmer-state linkages in upland farm development in Indonesia, 2) analysis 
of physical environmental resources using remotely sensed data and GIS for evaluation and improvement of regional farming systems in 
Indonesia, and 3) evaluation of Indonesian soybean varieties for the processing and improvement of traditional fermented foods. An 
additional activity consisting of the evaluation of vegetable-based farming systems and improvement of vegetable and fruit cultivation in 
highland regions in West Java is now under planning, the objectives of which are 1) to analyze geographic, climatic and socio-economic 
conditions, of temperate vegetable-producing areas in West Java, 2) to analyze the demand for temperate vegetable production in Indonesia, 
3) to analyze and evaluate the distribution systems of temperate vegetables and fruits in West Java, 4) to analyze and evaluate the present 
cultivation and protection technology of temperate vegetables in West Java, and 5) to analyze and evaluate the characteristics of upland crops 
and fruit trees utilized in the mixed cropping systems of temperate vegetable cultivation in West Java and to suggest the incorporation of 
alternative varieties of upland crops and/or fruit trees into the systems. 

We expect that the collaborative research between AARD and JIRCAS will contribute to the improvement of vegetable farmers' life in West 
Java through the increase of household income in the near future. 
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Animal Production and Grassland Division, JIRCAS 



Visit of a laboratory at CNPGC. From left: Dr. Maeno, 
Dr. Boock, Mr. Matsumoto and Dr. Miranda 


Mr. Sakue Matsumoto, Chairman of the Agriculture, Forestry and Fisheries Research Council, AFFRC, Ministry of Agriculture, Forestry and 
Fisheries, MAFF, Mr. Tadashi Tsuchiya, Director, International Research Division, AFFRC/MAFF and Dr. Nobuyoshi Maeno, Director 
General of JIRCAS visited Brazil in August 1999. In Sao Paulo, they had the opportunity of meeting with Dr. Sugai, economist of the 
Brazilian Agricultural Research Corporation, EMBRAPA, and they discussed various aspects relating to the orientation of future 
collaborative research activities between Brazil and Japan, especially in the field of socio-economic studies. 

Mr. Matsumoto, Mr. Tsuchiya and Dr. Maeno visited the National Center for Beef Cattle Research (CNPGC), EMBRAPA in Campo Grande 
and discussed with Dr. Arae Boock, Director General of CNPGC, and his staff, in greater detail various aspects relating to the on-going 
collaborative research project entitled "Comprehensive Studies on the Development of Sustainable Agro-Pastoral Systems in the Subtropical 
Area of Brazil." In Campo Grande, they also had the opportunity of meeting with Mr. Moacir Kohl, Director General of the State Department 
of Agriculture and Vice President of Mato Grosso do Sul and Mr. Paulo Shiguenori Kanazawa, Deputy Director of State Finance and Science 
Department, and learned more about recent agricultural developments in the Cerrados Area. 

On these occasions, Mr. Matsumoto, Mr. Tsuchiya and Dr. Maeno also had the opportunity of meeting with many immigrant farmers who 
became the leaders of the Japanese communities of Brazil in Sao Paulo, Campo Grande, Mariria and Gutapara, in particular with Mr. Shunji 
Nishimura, owner of Pompeia Agriculture and Industry High School, who contributed significantly to forging close links between the 
Brazilian and Japanese agricultural organizations for many years. 
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Sowing pigeon pea in an alfisol field at ICRISAT 
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Future Orientation of International Collaborative Research on Postharvest 
Technology for Developing Countries 


Akinori Noguchi 

Director, Crop Production and Postharvest Technology Division, JIRCAS 

The Crop Production and Postharvest Technology Division implements research projects on topics ranging from production and storage to 
the processing and marketing of agricultural products. Our research activities encompass a variety of disciplines including agronomy, plant 
protection (pest, disease, and weed control), agricultural mechanization, irrigation, drainage, cropping systems, food storage, postharvest 
technology, farm management and agricultural economics. 

Far too often the problem of feeding the world's hungry is conceived in terms of producing a sufficient amount of food. Equally pressing 
problems related to preservation and distribution issues that affect food products between harvest and consumption are frequently neglected. 
Postproduction operations in agriculture and horticulture include a wide range of functions necessary for supplying good quality food, 
reducing transaction costs, and raising domestic welfare. It is necessary to place emphasis on postharvest studies of agricultural products, 
such as quality improvement, safety, extension of shelf life, and control of insects and microorganisms in foodstuffs. These constitute 
important objectives of this Division. 

Finally, sustainable production of agricultural commodities can only be supported by the development of sustainable markets. Technology for 
enhancing the value of agricultural products is being developed with a view to increasing incentives for farmers to promote sustainable 
production. Economic studies are essential for furthering the development of target countries. 

It is only natural that food production covers wide fields as a chain from the cultivation to the final food market. Postharvest technology 
including selection, preservation, packaging and processing has contributed to the promotion of agricultural production through the 
improvement of farmer's income by raising the value of agricultural produce. Agriculture is very sensitive to the natural environment and 
there are many constraints on the rapid increase of production. Therefore, it is very important to develop techniques to reduce postharvest 
losses as well as to preserve or improve the quality, freshness and nutritional value of agricultural produce until the products reach the 
consumers. 

The Division will concentrate its research activities on the prevention of postharvest losses, with emphasis placed on the improvement of 
methods of drying, transportation and storage of the products, quality preservation and evaluation and food processing. The constraints on the 
infrastructure and relevant technologies in developing regions, result in quality deterioration of agricultural produce and in compelling the 
farmers to sell their products at a low price in the market. Low-input preservation technology will be developed by identifying the factors 
controlling quality deterioration during collection, storage and distribution. On the other hand, since the price of agricultural products is 
determined based on their quality such as freshness, shape, size, color, flavor, texture, components, nutritional value, safety, damage caused 
by pests and functional properties for processing, technology for quality preservation and evaluation will play a very important role in the 
pricing of agricultural products. However, since most of these technologies have been designed in developed countries, they must be adapted 
to the needs of developing regions and more simple and low-cost technology for quality preservation and evaluation should be developed. As 
for processing, in general, traditional methods of food processing aim at meeting the requirements of the domestic market sometimes under 
unpredictable supply of raw materials and limited level of technology. The Division will attempt to analyze and improve the various steps 
involved in the traditional methods of food processing to meet the increasing demand of consumers for diversified foods, along with 
developing new technologies for food processing through technology transfer. 

This approach was also emphasized during the 19 th ASEAN and 1 st APEC Seminar on Postharvest Technology (Ho Chi Minh City, Vietnam, 
9-12 November 1999). This seminar covered a wide range of durable and perishable agricultural commodities and focused on issues relating 
to quality assurance, evaluation of quality, quality maintenance and contaminant reduction, cost efficiencies and systems approaches to 
postharvest research and development. 
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Sun-drying of paddy rice on the road (Cantho, Vietnam) 



Cabbage damaged during transportation is unloaded from a truck 
(Beijing, China) 
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Natural Food Chain in Aquaculture 


Masachika Maeda 

Director, Fisheries Division, JIRCAS 

For years the food chain in seawater has been misunderstood, and consequently aquaculturists have often followed the wrong direction. Until 
recently, scientists had considered that the food chain's primary producers (microalgae, which fix light energy and yield organic materials), 
were consumed by the zooplankton as soon as they were produced. However, recent studies have shown that several other food transfer 
pathways exist as well. For example, it was reported that the dominant species in zooplankton communities, which have been considered to 
be typical herbivores, feed on detritus and bacteria. Maeda (1999) also outlined the significant role of bacterial aggregates as food for the 
zooplankton. 

In terrestrial ecosystems, few of the primary producers are directly utilized by predators as food. In the forest ecosystem, for example, only a 
small proportion of the leaves is eaten by animals, whereas a major proportion of the nutrients from fallen leaves is transferred through 
bacteria, fungi and protozoa, as well as through small plants and small to middle-sized animals. 

Although this energy transfer is considered to represent the detritus food chain, a large number of microorganisms attached to the detritus are 
in fact the main nutrient source for the predators (Fig. 1). 



This food pathway could thus be designated as microbial food chain instead of detritus food chain (Maeda 1999). It is therefore more 
appropriate to define primary producers as builders of a dissolved organic matter (DOM) pool. Based on this DOM pool, which originates 
from exudates of microalgae, etc., "microbial food assemblages" are formed. These assemblages are the starting point of the energy flow in 
the lower trophic levels of the food chain in the aquatic environment as shown in Fig. 2, although the effect of viruses on these 
microorganisms has not been considered. 

Fig. 2. Food chain in the lower trophic level of larval rearing water in aquaculture. 

Since many protozoa feed on bacteria, the bacteria contribute to higher trophic levels. In fact, protozoa are considered to be a significant food 
source for fish and zooplankton. Furthermore, Robertson (1983) increased the feeding rate of Acartia by using tintinnids as food at a 
concentration of 10 3 cells/L. It is interesting to note that the copepod Scottolana canadensis was capable of producing eggs more frequently 
when ciliated protozoa were given as food than when only microalgae were available. Gall et al. (1997) also reported the significant role of 
protozoa as live feeds to oyster, Crassostrea gigas. 

In aquaculture, the concept of the microbial food chain can be adopted. In fact, the addition of low concentrations of organic matter promotes 
the growth of fish. For example, in cases where the phytoplankton is used as the main live food, certain species of bacteria may be added with 
the algae. Under such treatment, survival rates of fish increase significantly. It is therefore considered preferable to feed microbes to fish 
along with algae. In conclusion, microbial food assemblages formed by the addition of microalgae and organic matter play a significant role 
as live food in aquaculture waters. 

Note: Detailed information and references are available in the book of Maeda (1999). The scientists who would like to read this book can 
obtain it by writing to JIRCAS. 
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JIRCAS International Workshop 

JIRCAS plans to organize an International Workshop on "Brackish Water Mangrove Ecosystems _ 
Productivity and Sustainable Utilization to be held in Tsukuba, Japan during the period February 29 
March 1,2000. 

Four themes will be covered in four sessions as follows: 

1) Production and decomposition processes in mangrove areas 

2) Nutrient flux from rivers to coastal areas 

3) Energy flow in brackish water of mangrove areas 

4) Socio-economic evaluation of mangrove coastal areas. 

For further information, please contact: 

Dr. Masachika Maeda, Fisheries Division, JIRCAS 

FAX: +81-298-38-6655 

E-mail: mamaeda@jircas.affrc.go.jp 

URL: http://www.jircas.affrc.go.jp/mangrove 
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Fig. 2. Food chain in the lower trophic level of larval rearing water in aquaculture. 
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Feeding of Two Insect Pests 


Keiichi Takahashi*, Michael J. Christensen* 2 , Katsuyuki Kohno* 3 , Takao Tsukiboshi 4 and Makoto 

Kobayashi* 5 

National Food Research Institute, * 2 AgResearch, New Zealand, Okinawa Subtropical Station, JIRCAS, * 4 National Institute of 

Agro-Environmental Sciences and * 5 National Grassland Research Institute 


A number of alkaloids with insect deterrence or toxicity are present in grasses infected with fungi belonging to the tribe Balansiae, especially 
Neotyphodium species. However, no information is available fox Ephelis species. We, therefore, studied Ephelis- infected grasses and their 
effect on the feeding of insect pests in Okinawa. 

Ephelis sp., a fungus belonging to the family Clavicipitaceae (tribe Balansiae), was detected in fifteen species of grasses on Ishigaki island, 
Okinawa; Brachiaria mutica (Forsk.) Stapf, Chloris barbata Swarzt, C. divaricata R. Br., Chrysopogon aciculatus (Retz.) Trin., Cynodon 
dactylon (L.) Pres., C. pletostachyrus (K. Schem.) Pilger, Digitaria decumbens Stent., D. violascens Link, Imperata cylindrica (L.) Beauv. 
var. koenigii (Retz.) Durand et Schinz, Leptochloa panicea (Retz.) Ohwi, Panicum crus-galli Beauv. var. praticola Ohwi, P. repens L., 
Paspalum scrobiculatum L., P. urvillei Steud. and Eriochloa procera C. H. Hubb. 

Sites with Ephelis infection were most commonly wet areas that had remained undisturbed for many years. The frequency of infection varied 
widely between grass species. In three of the fifteen grasses, C. aciculatus, D. violascens and P. scrobiculatum, infected plants were observed 
at many sites, while in other species, infected plants were present at only one or two sites. Ephelis infection of C. dactylon, E. procera and P. 
urvillei was found only in a single plant. The number of infected tillers at each site was typically low, and apparently showed a random 
distribution, with no evidence of spread from sites of infection. Infected plants were characterized by stromata that covered the inflorescence 
with dense mycelial growth (Photo 1). Numerous narrow, elongated conidia were present on the stromata (Photo 2). In most grasses, hyphae 
were observed on the surface of the leaf blades. Infected plants of 10 species revealed that the Ephelis fungus was essentially an epiphyte, 
with hyphae in vegetative tillers being located on the surface of the stem apex, including primordial leaves. Hyphae on leaf blades were also 
apparently confined to epiphytic growth. 



Photo 1: 

Inflorescence of Digitaria decumbens covered with 
stroma of the Ephelis fungus 



Photo 2: 

Elongated conidia of Ephelis on stroma in Brachiaria 
mutica 


Insect feeding deterrence associated with the presence of the Ephelis sp. was detected in choice tests involving infected and uninfected 
leaves. Larvae of the armyworm, Mythimna (Pseudaletia) separata, preferred Ephelis- free grass to Ephelis- infected leaves of D. decumbens 
(Fig. 1), but feeding was unaffected on Ephelis- infected leaves of C. pletostachyrus. Adults of the grasshopper, Aiolopus thalassinus famulus, 
preferred Ephelis-free to Ephelis- infected leaves of D. decumbens and C. pletostachyrus (Fig. 1). Adults of A. thalassinus tamulus fed on 
Ephelis- free D. decumbens leaves survived over a significantly longer period than those fed on Ephelis- infected leaves (Table 1). These 
studies indicate that the Ephelis fungus occurring on Ishigaki island produces at least one feeding deterrent in the host grasses examined. 

Fig. 1. Comparison between Ephelis -infected (E+) and Ephelis- free (E-) Digitaria decumbens leaves in relation to eating 

preference of the 6th instar larvae of Mythimna (Pseudaletic) separata and the adults of Aiolopus thalassinus tamulus. 
The numbers indicate the number of individuals. 
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Table 1. Comparison between Ephelis-ini'ecied (E+) and Ephelis- free (E-) Digitaria decumbens leaves in relation to survival (days) of the adults 
otAiolopus thalassinus famulus 



1st trial 

2nd trial 

3rd trial 

(Date of start) 





Sep. 10 

Oct. 6 

Nov. 30 

Survival E+ 

13.0±4.0** 

7.5±3.5** 

8.5±2.8* 

(days) E- 





21.0±7.0** 

15.8+8.1** 

12.7±5.0* 






**: Significantly different based on Mann-Whitney test. P<0.01 
*: Significantly different based on Mann-Whitney test. P<0.05 


A number of alkaloids with insect deterrence or toxicity are present in grasses infected with fungi belonging to the tribe Balansiae. These 
have been extensively studied in grasses infected with Neotyphodium species, in particular those which form seed-borne endophytic 
associations with perennial ryegrass, Loliumperenne L. and tall fescue, Festuca arundinacea Screb. The main alkaloids known to confer 
resistance are peramine, lolines and ergovaline. Peramine is a feeding deterrent that affects oviposition. Lolines are toxins that occur at high 
concentrations, up to 10,000 ppm. Ergovaline, found throughout the Balansiae, is mainly considered to be a mammalian toxin but is known to 
enhance protection against insect pests. The presence of ergovaline and other alkaloids in £/?/ze/A-infected grasses in Japan, and the spectrum 
of alkaloids in different host species, remain to be determined. 


NEXT 
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Mylhimna (Pseudaletia) separata Aiolopus thalassinus famulus 
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Fig. 1. Comparison between Ephelis-intected (E+) and Ephelis- free (E-) Digitaria decumbens leaves 

in relation to eating preference of the 6th instar larvae of Mylhimna (Pseudaletia) 

separata and the adults of Aiolopus thalassinus famulus. 

The numbers indicate the number 

of individuals. 



Damage ratio of grass leaves; 0 : 0%, 

1 : 1-20%, 2 

: 2140%, 3:41-60%, 

4 : 61-80%, 5 : 81-100% 
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Ascaris suum Infection in the Mekong Delta, Vietnam and Application of 
Anthelminthics 


Shinobu Yoshihara 

National Institute of Animal Health 


It is well known that helminthic diseases are associated with the low productivity of pigs and cause economic losses in small-scale farms in 
the Mekong Delta. Therefore, an at tempt was made to estimate the economic losses due to A. suum infection. 

Six littermate pigs weighing approximately 40 kg from the Experimental Animal Farm of Can Tho University were used. A. suum eggs were 
detected. Group 1 consisted of 3 pigs treated with 1 mL per 15 kg of polystrongyle (injectable form of tetramizole hydrochloride, France). 
Group 2 consisted of 3 untreated control pigs. Their body weight was checked biweekly for 12 weeks. In 3 pigs of the treated group, adults of 
A. suum were eliminated within a few days after treatment. However, since A. suum eggs were found again 6 weeks later, the treatment was 
resumed. The growth period of the treated pigs which reached a weight of 80 kg was shortened at least by 2 weeks compared with the 
untreated pigs (Table 1). Fig. 1 shows an emaciated pig in the untreated group. Based on data collected in Vietnam, it was estimated that the 
economic loss due to the infection amounted to about 25,000 Don Vietnam (about US$ 2.0) per head in an experimental farm. Low nutrition 
level including deficiency in protein and vitamin A may exert more deleterious effects on the growth of infected pigs. Therefore, it is 
considered that the growth rate of untreated pigs in small-scale farms may be even lower. 

As a result, it may be necessary that the farmers use anthelminthics to increase productivity. 



Fig. 1. Treated (back) and untreated (front) pigs in 
experimental farm. Untreated pig was 
emaciated. 
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Material and Methods 


Remarkable Antimutagenic Effect of a Thai Ginger, Fingerroot 


Gassinee Trakoontivakorn*, Kazuhiko Nakahara* 2 , Makiko Takenaka* 3 , Mayumi Kameyama* 3 , 
Hiroshi Shinm oto* 4 , Tadahiro Nagata* 5 and Tojiro Tsushida* 3 

*Institute of Food Research and Product Development Kasetsart University, Thailand, * 2 Crop Production and Posthaarvest Technology 
Division, JIRCAS, ''^National Food Research Institute, * 4 Tohoku National Agricultural Experimental Station and * 5 National Institute of 

Animal Industry 


It has been suggested that antimutagenic phytochemicals, such as polyphenols, in some fruits or vegetables may play a role in the prevention 
of cancer based on epidemiological investigations as well as animal model experiments. Several edible plants, such as common ginger 
(Zingiber officinale) and turmeric (Curcuma longa), in the family of Zingiberaceae are reported to contain some phenolic compounds that 
exhibit strong antimutagenic effects. In Thailand, several members of the Zingiberaceae family besides common ginger and turmeric are 
available in food markets. One of them, fingerroot (Boesenbergia pandrata Schl. syn. Kaempferia pandurata Roxb.), known as "krachaai" in 
Thailand, has a characteristic appearance with several slender, long tubers sprouting in the same direction from the central part of the rhizome 
(Fig. 1). Fingerroot is generally utilized as a folk medicine in Southeast Asia. Interestingly, fingerroot is used as an ingredient in some dishes 
in Thailand. Since it had been already reported that fingerroot contains a large amount of some polyphenols as major constituents, it was 
expected that the plant would display an antimutagenic effect. In the current studies, we examined the antimutagenic properties of fingerroot 
and determined the chemical structure of active constituents under the JIRCAS Visiting Research Fellowship Program at Tsukuba. 

One kilogram of fresh fingerroot rhizomes, purchased in a local market in Bangkok, were homogenized and extracted in 80% methanol. Then, 
the filtrate was collected, concentrated under reduced pressure and used for an antimutagenic assay (Ames Test). In this study, the 
antimutagenic effect was manifested by the suppressive activity of the extract toward the mutagenicity of 

3-amino-l,4-dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1) with Salmonella typhimurium TA98 in the presence of S-9 enzyme, that activates 
Trp-P-1, prepared from rat liver. The fingerroot extract showed a highly potent antimutagenic activity (Fig. 2). Only 0.15 mg of the fingerroot 
extract almost completely suppressed the mutagenesis, while a Thai spice galanga (Languas galanga syn. Alpinia galanga) showed about 80% 
of suppression at the same dose. The antimutagenic effect of both fingerroot and galanga was much more pronounced than that of lemon grass, 
another common spice in Thailand. It was reported that 10 mg of lemon grass extract suppressed 84% of mutagenesis. 

Subsequently, active compounds in the extract were isolated to analyze the antimutagenic properties and chemical structure. Six antimutagenic 
compounds FR1, FR2, FR3, FR4, FR5 and FR6 were obtained. And, all six isolated compounds exhibited a potent antimutagenic activity in a 
suppressive range of 90% to 95% at a concentration of 25 14g/plate. Effective dose of these compounds that can suppress 50% of mutation 
(ED 50 ) was estimated at 1.1, 0.9, 0.5, 1.0 l Ag, for FR1, FR2, FR3 and FR4, respectively. Preparations of FR5 and FR6 could not be used for 
the experiments and structural determination due to the very small amount obtained. The chemical structure of FR1, FR2, FR3 and FR4 was 
determined by liquid chromatography mass spectrometry, UV-absorption spectrometry and nuclear magnetic resonance spectrometry. FR1 
and FR3 were identified as two chalcone derivatives, 2', 4', 6'-trihydroxy chalcone and cardamonin. FR2 and FR4 were identified as two 
flavanone derivatives, pinocembrin and pinostrobin, respectively. All of these four identified compounds are not new ones. However, the 
antimutagenic activity of these compounds had not been reported except for pinocembrin. Edenharder reported that pinocembrin acted as an 
effective antimutagen against another mutagen, 2-amino-3-methylimidazo[4,5-f]-quinoline (IQ). This was not surprising because Trp-P-1 and 
IQ are metabolized by almost the same molecular species of cytochrome P450 in S-9. 

When rhizomes of fingerroot are utilized as ingredient in Thai dishes, heating is involved in the preparation process. It was reported that 
antimutagens found in vegetables could be either heat-stable or heat-sensitive. Therefore, heat stability of antimutagens (FR1, FR2, FR3 and 
FR4) in fingerroot was determined by heating at 105° C for 15 min. No deterioration of the antimutagenic activity of any of the compounds 
was observed, which is an important information for food ingredients. The results suggested that fingerroot may play an important role in 
cancer chemoprevention, and, may have a potential as an effective functional food. 
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Material and Methods 



Fig. 1. Fingerroot (Chinese key). 
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Fig. 2. The antimutagenic effect of fingerroot and galanga. 
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The greatest challenge for mankind is to establish the agricultural systems that would enable to utilize biological and natura 

<SYMPOSIUM> 

The 6 th JIRCAS International Symposium: "GIS Applications for Agro-Environmental Issues in 
Developing Regions" Was Held in Tsukuba 

The 6 th JIRCAS International Symposium on "GIS Applications for Agro-Environmental Issues in Developing Regions" organized by Japan 
International Research Center for Agricultural Sciences (JIRCAS) in cooperation with International Center for Tropical Agriculture (CIAT), 
National Institute of Agro-Environmental Sciences (NIAES), Forestry and Forest Products Research Institute (FFPRI) and National Research 
Institute of Fisheries Science (NRIFS) ,was held in Tsukuba, Japan during the period of September 7-9, 1999. 

GIS technology which involves complex computer-based processing of georeferenced and attribute data obtained from various sources, 
including remote sensing, provides integrated and updated spatial and temporal information for the inventory and monitoring of 
environmental resources which are closely related to agriculture, forestry and fisheries activities. JIRCAS is actively implementing 
GIS-related research in collaboration with various countries in different geographic environments. This symposium offered a unique 
opportunity to review the studies carried out in this field by JIRCAS and other institutes, evaluate the current status of research and plan for 
the future. 

A total of 155 scientists and administrators including 26 participants from abroad representing 13 countries gathered and exchanged views on 
the main issues, major constraints of GIS applications in developing regions, as well as the future orientation of the GIS applications in the 
regions. At the beginning of the symposium, Mr. Sakue Matsumoto, Chairman, Agriculture, Forestry and Fisheries Research Council, 
Ministry of Agriculture, Forestry and Fisheries gave the welcome address, following the opening address delivered by Dr. Nobuyoshi Maeno, 
Director General of JIRCAS. 

The symposium consisted of two keynote speeches and three sessions as follows. As keynote speakers, Andrew K. Skidmore, ITC, 
Netherlands and Tsuyoshi Akiyama, Gifu University, Japan, gave lectures on the application of GIS and remote sensing technology for 
agro-environmental issues in developing regions. 

Session 1 reviewed the current status of the development of global data sets and models for agro-environmental sciences. Session 2 dealt with 
the applications of GIS for agro-environmental issues in various developing regions. During the session, eight presentations covering 
different geographic environments (Nepal, Indonesia, P. R. China, Mongolia, Colombia, Thailand and Japan) were given. In Session 3, the 
current status of education and training in the field of GIS was considered. Following the general discussion, Dr. Grant Scobie, Director 
General of CIAT, delivered the closing address. 

The proceedings of the symposium will be published by JIRCAS in early 2000. 



(Makie Kokubun) 
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The ICRISAT/JIRCAS International Workshop on “Food Security in Nutrient-Stressed Environments: Exploiting Plant Genetic Capabi 

< W ORKSHOP> 


The ICRISAT/JIRCAS International Workshop on "Food Security in Nutrient-Stressed 
Environments: Exploiting Plant Genetic Capabilities" 


The ICRISAT/JIRCAS international workshop on "Food Security in Nutrient-Stressed Environments: Exploiting Plant Genetic Capabilities" 
organized by the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and Japan International Research Center for 
Agricultural Sciences (JIRCAS), was held at ICRISAT-Patancheru, India during the period of September 27-30, 1999. 

This workshop marked the culmination of the activities of the Government of Japan Special Project Phase III (1994-1999) on "Sustainable 
Cultivation of Upland Crops in the Semi-Arid Tropics." The Project funded by the Economic Affairs Bureau, Ministry of Agriculture, 
Forestry and Fisheries of Japan had been implemented for 15 years since its initiation in 1984 at ICRISAT. During the 15-year period, 
scientists conducted research aimed at improving crop nutrient and water uptake and utilization efficiency through field management 
practices and/or by exploiting morphological, physiological and genetic systems to improve the adaptation of ICRISAT mandate crops to the 
low-nutrient and low-moisture environments of the semi-arid tropics. During the Project, research fellows, visiting scientists and scholars 
were trained and the technical skill of the supporting staff was eventually upgraded. In conclusion, the Project helped to increase the 
productivity of upland crops in the semi-arid tropics through research, and enhanced the knowledge base of the mechanisms of phosphorus 
and nitrogen acquisition by crops. The Project also helped to strengthen interdisciplinary efforts among scientists from Japan and their 
counterparts at ICRISAT. 

From 23 international and national institutes, and universities of 16 countries, more than 50 scientists including 10 scientists from Japan 
participated in the workshop. Dr. L. D. Swindale, Interim Director General of ICRISAT, who helped initiate the Project in 1984, delivered 
the welcome address and Dr. T. Hamazaki gave closing remarks. After the Government of Japan Special Project activities were reviewed by 
the Project leader Dr. J. J. Adu-Gyamfi et al., 31 papers were presented during 4 sessions. Session 1 dealt with the theme "Breeding for 
low-nutrient environments: is it sustainable?" covering crop physiology, breeding and socio-economic aspects. During Session 2, genotypic 
variability and mechanisms of nutrient uptake and use efficiency of crop plants in low-nutrient environments were outlined. The research 
achievements of the Project were presented in this session. During Session 3, the methodology for genetic manipulation of nutrient 
availability in low-nutrient environments was reviewed while the theme "Combining genetic improvement with natural resources 
management in low-nutrient environments" was considered during Session 4. 

The workshop was successful due to the effort of the organizing committee of ICRISAT to ensure a high standard of paper presentation and 
discussions. I would like to thank the ICRISAT staff and all the participants in the workshop for their contributions. 

The proceedings of the workshop will be published by ICRISAT/JIRCAS within this fiscal year. 



Participants in the workshop and the 
Project staff at ICRISAT 


(Tadao Hamazaki) 


Workshop and Mid-Term Evaluation Meeting on Northeast Thailand Project 


The Workshop and Mid-Term Evaluation Meeting on the Northeast Thailand Project titled: "Comprehensive Studies on Sustainable 
Agricultural Systems in Northeast Thailand" were held at the International Training Center for Agricultural Development (ITCAD), 
Department of Agriculture (DOA) in Khon Kaen on September 23 and 24, 1999. 

This collaborative project is focused on the area of rainfed paddy fields in Northeast Thailand and aims at the development of technology for 
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The ICRISAT/JIRCAS International Workshop on “Food Security in Nutrient-Stressed Environments: Exploiting Plant Genetic Capabi 
the promotion of sustainable agricultural systems that combine farming with animal husbandry. The project was launched in April 1995 and it 
will last until the end of March 2002. 

The workshop was held on the first day. There were 67 participants including 13 persons from Japan. Thai participants were mainly from 
Bangkok and from Khon Kaen Province. There were 9 research organizations from Thailand and 5 from Japan. The researchers who had 
been engaged in the project described the research activities and research highlights. Major topics were as follows: 1. Evaluation and 
effective utilization of environmental and biological resources in the region. 2. Development of sustainable crop production systems. 3. 
Improvement of livestock feeding management with locally available feed resources. 4. Development of postharvest technologies for local 
agricultural products. 5. Economic evaluation of multiple cropping and livestock farming. 

On the second day, a field trip and the mid-term evaluation meeting took place at the Khao Suan Kwang Demonstration Farm in the morning 
and at ITCAD in the afternoon, respectively. About 30 participants joined the morning session in the field and they listened to the outline of 
the field trials conducted by the researchers. Participants showed a keen interest in the field trials and also in the small-sized agricultural 
machines and attachments such as soil manipulator, binder, drill seeder and subsoiler, etc. which were displayed at the farm. 

The mid-term evaluation meeting was held after the field visit with committee members engaged in various research fields. The outline of the 
overall project and five research themes was given by concerned scientists prior to the discussion. It was generally agreed by the committee 
members that satisfactory progress had been made so far, and that for further development of the project, much closer linkage among the 
project scientists and more active input from socio-economic aspects would be required. 

(Masaaki Suzuki) 
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Dr. Terunobu SUZUKI, a forestry scientist, became Director of JIRCAS's Forestry Division on 
October 1, succeeding Dr. Kiyoshi Tanaka who was appointed Director of the Research 

Coordination Division, Forestry and Forest Products Research Institute. Dr. Suzuki worked as a 
Senior Research Scientist in the Research Coordination Division, Forestry and Forest Products 
Research Institute (1997 - 1999) after carrying out studies at the National Amazon Research 

Institute in Brazil as a team-leader of the Brazilian Amazon Forest Research Project of JICA. 




Dr. Osamu ITO who spent three years at the International Rice Research Institute as Director of 
the Agronomy, Plant Physiology and Agroecology Division returned to JIRCAS on October 1, 

1999. He joined the Research Information Division and will be mainly in charge of coordinating 
the research collaboration between JIRCAS and several research organizations in Thailand, which 
has been actively promoted for many years. 


<AWARD> 


Dr. Noguchi Received the 1999 Friendship Award of P. R. China 

Dr. A. Noguchi, Director of Crop Production and Postharvest Technology Division, received the 1999 Friendship Award from the 
State Administration of Foreign Experts Affairs, P. R. China, on account of his major contribution to the implementation of the 
JIRCAS-China Project titled: "Development of Sustainable Production and Utilization of Major Food Resources in China." 


Contents 
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Fruit market in Vietnam (Photo : by KOSUGI Sho ) 
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Research Project “Farming Systems in Mekong Delta” held a Workshop in JIRCAS 


Research Project "Farming Systems in Mekong Delta" 
- a Workshop at JIRCAS - 


Shigeo Matsui 

Under the research project on "Evaluation and Improvement of Farming Systems Combining 
Agriculture, Animal Husbandry, and Fisheries in the Mekong Delta" a workshop was held on December 
8-9, 1997 in JIRCAS International Conference Room to review the project and to develop a closer 
cooperation with Vietnam organizations. Six researchers from Vietnam headed by Dr. Vo-Tong Xuan, 
Director, Farming Systems R&D Institute, Cantho University were invited. The meeting started with 
opening remarks by Dr. Maeno, Director General, JIRCAS and the keynote address of Dr. Vo-Tong 
Xuan titled “History and future farming systems in the Mekong Delta”. Then 4 sessions followed: 

In session 1, the farming systems were described with 3 case study reports presented by Mr. Nguyen 
Xuan Lai, Dr. D. N. Thanh and Mr. Duong Van Ni. Rapid increase in rice production and constraints 
were outlined. Mr. Ni, Farming Systems R&D Institute reported that in the case of Hoa An village, the 
introduction of Melaleuca trees into farming systems had enabled to plant two crops of rice a year in an 
area with strongly acidic soils. In session 2 which dealt with technology development, Mr. T. Kon, 
Tohoku National Agricultural Experiment Station, Dr. S. Yoshihara, National Institute of Animal Health 
and Dr. M. Wilder from JIRCAS reported on current achievements and constraints in rice production, 
swine husbandry, and aquaculture, respectively. In session 3, reports by Dr. Yamazaki, Rakuno Gakuen 
University and Mr. Kosugi, JIRCAS stressed the need for organizing farmers into farmers' cooperatives 
because credit and/or collective commodity marketing are indispensable for the future development of 
farming systems. In session 4, Mr. Le Thanh Duong, Farming Systems R&D Institute discussed the 
problems on the promotion of sustainable agriculture. Mr. N. Vromant, VVOB, Belgium working at the 
same institute, reported about rice-fish farming systems with emphasis placed on proper water 
management. Mr. R. Yamada, JIRCAS outlined his plan of research on farm management. 

Although rice production has markedly increased in the Mekong Delta, farmers' incomes and living 
standards have remained low. The workshop concluded that the development of sustainable farming 
systems which combine rice cultivation, animal husbandry and aquaculture is definitely important. It was 
also stressed that the creation of viable credit and marketing channels as well as the promotion of 
technology transfer, etc. is the key to further development of agriculture in the Mekong Delta. 

Among the participants, Dr. Matsuno, Tokyo University of Agriculture, Dr. Cho, Kyushu University, Dr. 
Furukawa, Kyoto University and Dr. Oe, Tokyo University of Agriculture and Technology, old friends of 
Dr. Vo-Tong Xuan enjoyed their reunion. 

Prior to the Workshop, Dr. Maeno, Director General of JIRCAS had attended the ceremony marking the 
20 th anniversary of CLRRI held at O Mon, Cantho, Vietnam on December 2. He expressed his deep 
gratitude for the cooperation in the project. 

Photo : Discussion at the Workshop in Tsukuba (center) and Farming Systems in Mekong Delta. 
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Photo: Discussions at the Workshop in Tsukuba (center) and Farming Systems in Mekong Delta. 
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Edible Insects East Africa 


JIRCAS RESERACH HIGHLIGHTS 
Collaborative Research with ICIPE: 


Edible Insects in East Africa 


Shigemi Yagi 

More than 500 insect species are used for human consumption in the tropical and subtropical regions of 
the world. In Africa, many species of insects have been used as traditional foods among indigenous 
people and have played an important role in the history of human nutrition. Many insects usually 
considered as crop pests such as locusts, grasshoppers, weevils and some termite species have been used 
as important food sources. Interviews with 9 main Kenyan ethnic groups and field surveys in western 
Kenya revealed that at least 8 insect families representing 6 orders are eaten. The major orders of edible 
insects include Isoptera (termites), Orthoptera (locusts, grasshoppers, crickets), Coleoptera (beetles), 
Hymenoptera (honey bees), Lepidoptera (moths) and Diptera (lakeflies). The most common edible 
insects are the termites which are highly appreciated by practically every ethnic group in Kenya. The 
sexual winged forms (reproductive forms) of termites are frequently caught for food. 

Our research in the Maragoli area in western Kenya has shown that villagers can easily distinguish 
species and the emergence patterns of termites. They apply various methods for catching termites. In one 
method, they build a tent-like structure consisting of branches and leaves to cover some of the emergence 
holes ( Photo 7). By closing the other holes, the termites have to emerge from the holes in the tent 
structure which has an opening on one side to which the flying termites are attracted by sunlight, 
artificial light or moonlight. Near this opening, a receptacle is placed to collect the termites. In another 
method they introduce a light source inside a bucket lined with wet slippery banana leaves, and then the 
bucket is placed near an active mound. Attracted by the light, termites drop in the bucket. In the dry 
season, termites can be induced to come out when stimulated by fumes of smoke from burnt dried leaves 
of specific wild plants or the slow rhythmic vibrations created by striking stones or by beating a large 
piece of wood with two sticks. A similar drumming technique for collecting termites has been reported in 
Uganda. 

Photol: A termite trap along the road in Maragoli area in western Kenya. 

Termites are prepared in various ways for eating. In Enzaro village, Maragoli, it is popular to lightly fry 
the termites in their own fat over a low heat, add a little salt and sometimes remove the wings. Fried 
winged termites are tasty after being dried in the sun and they can be consumed for a rather long period 
of time. In some areas, termites are used as gifts for marriage. Raw termites are also frequently eaten. In 
some areas of western Kenya, sun-dried termites are packed in various containers and sold during the 
rainy season in the local food markets. They are sometimes transported over long distances to urban 
markets of East African large cities such as Kisumu, Kampala or even Nairobi ( Photo 2). 

Photo2 : Termites sold in an open market in Kampala, Uganda. 

Our field surveys, suggest that termites play an important role in daily food consumption in the Maragoli 
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area in the rainy season, when there is a shortage of maize supply. We concluded that the termites are 
especially valuable for children and pregnant women which require a high calory diet and nutritious 
food. Research should be further promoted to create an awareness about the importance of insects as a 
good and cheap source of lipids and animal protein. 
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Traits for Drough Tolerance in Cowpeas 


Collaborative Research with IITA: 


Traits for Drought Tolerance in Cowpeas 


Iwao Watanabe 

Three cowpea accessions (TVu 11979, 11986, 12348), which were identified as highly drought-tolerant, 
yielded about one ton of grain per ha in the dry season at Kano in Sudan Savanna. This trial encouraged 
farmers to cultivate drought-tolerant cowpea varieties to alleviate food shortage in the dry season and 
their acreage under cultivation has been increasing in drought-prone areas of Sudan Savanna. However, 
some of the agronomic traits of these accessions should be further improved. In the breeding programs 
for tolerance to drought, information on causative traits for the tolerance is important for the selection of 
progenies after crossing. Therefore, physiological studies were conducted to compare tolerant and 
susceptible lines. 

1. Distribution percentage of dry matter to roots was higher in the tolerant lines. Root weight of 
these lines increased steadily even at maturity in contrast with the considerable decline in the 
susceptible ones after flowering. This deep-rooting trait enables plants to collect residual soil 
moisture receding downwards day by day and to grow vigorously in the dry season. This trait 
adversely affects the production of grains under well-watered conditions, due to the lower 
distribution percentage of dry matter to pods. These tolerant lines, therefore, should be 
recommended as specific cultivars for drought-prone areas or for the introduction of a new 
cropping system in the dry season. 

2. Transpiration rate of tolerant lines under lethal water stress was lower than that of susceptible 
ones. This trait for economical use of water allows tolerant lines to survive for a longer period of 
time under lethal water stress. 

3. No difference was observed among cowpea lines in the water use efficiency, measured by the 
increase in the dry matter per unit amount of water lost through transpiration. 
Photosynthesis/transpiration ratio was also almost the same among the cowpea lines tested. These 
results suggest that the vigorous growth of tolerant lines in the dry season described earlier must 
have been due to the active absorption of water and not to the efficient use of water. 

4. There are two types of drought in Sudan Savanna. One is the initial drought at the seedling 
stage. At this stage, roots are short yet and no available moisture remains in the root zone except 
for the moisture supplied by current precipitation. In this type of drought, therefore, seedlings are 
faced with lethal water stress. The only strategy for survival until the next rain is the economical 
use of water. The other type is the terminal drought at the ripening stage due to delayed planting 
caused by late arrival of the rainy season. At the ripening stage, a fairly large amount of available 
water remains in deep soil layers. In this type of drought, therefore, the strategy for completing the 
life cycle and getting seeds for the next generation is the continued absorption of water associated 
with the deep-rooting traits. In the long history of adaptation of cowpeas to drought-prone areas, 
they must have acquired the two traits simultaneously, that is the trait for economical use of water 
under lethal water stress and that for deep-rooting. 
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Traits for Drough Tolerance in Cowpeas 


Photo : Roots of potted cowpeas at 67 days after sowing. Root weight of highly tolerant line, Tvu 

11979, exceed that of highly susceptible line, Tvu 9357, by fifty percent. 

Fig. 1 Time course of dry matter distribution among plant organs . 
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Fig.l. Time course of dry matter distribution among plant organs 
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Collaborative Research with CIAT: 


Mechanism of Adaptation of Upland Rice Genotypes to 
Highly Weathered Acid Soils of Savannas in South 
America 

Kensuke Okada and Albert J. Fischer* 


Tropical humid savannas which extend over 240 million hectares in South America are covered with 
highly weathered acid soils (Oxisols and Ultisols). A crop-pasture rotation has been introduced to these 
under-exploited ecosystems as a sustainable cropping system, in which upland rice is an important 
component due to its relative tolerance to acidity and infertility of soils. Since upland rice displays a wide 
range of genotypic differences in tolerance to soil acidity, the lack of suitable screening techniques had 
hampered rapid development of breeding. Aluminum has been considered to be the major limiting factor 
for plant growth in acid soils in general, but in the case of savanna soils, deficiency of other nutrients 
complicates the situation. Therefore, JIRCAS-CIAT collaborative project initiated since 1992, attempted 
first to identify the major limiting factors for the growth of upland rice on acid savanna soils, then to 
analyse the mechanism controlling the genotypic differences in the tolerance, in order to contribute to the 
promotion of efficient methods of breeding of upland rice for tropical savannas. 

Field experiments on the response to liming were conducted using both tolerant and susceptible 
genotypes over a period of 4 years at two sites in the Eastern Plains of Colombia (Llanos Orientales). 

The acidity of the top soil was found to increase during crop growth due to the accumulation of KC1 and 
urea which were applied sequentially according to farmers’ practice. The yield of the tolerant varieties 
did not respond to lime application, while that of the susceptible ones declined at a very low rate of 
liming (< 300 kg ha -1 ), at which the relative yield (the ratio of yield at low lime rate to the yield at high 
lime rate (3 t ha -1 )) of the susceptible varieties correlated significantly (p<0.05) only with the amount of 
exchangeable Ca of soil (Fig. 1-C). 

Other indicators of soil acidity such as soil pH and amount of exchangeable A1 did not show any 
significant correlation with yield decline in the susceptible varieties, and further, the tendency was 
opposite in terms of indication of soil acidity (Fig. 1-A, B). A1 saturation which is the indicator most 
widely used for soil acidity, was not correlated significantly, either (Fig. 1-D). These results suggested 
that the amount of exchangeable Ca should be used as indicator of soil acidity for upland rice, rather than 
Al-related parameters. This finding has a practical implication for the selection of stressful sites for 
on-site field screening. 

Then pot experiments for lime response were conducted using top and subsoils of savanna. In addition to 
other soil chemical characteristics, aluminum concentration in the soil solution was measured. First, it 
was found that soil acidity increased gradually as in the case of field experiments, and that where the 
growth was more suppressed, the soil acidity was more pronounced because the salts were not absorbed 
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by plant roots but accumulated. Therefore, although the growth of plants was apparently negatively 
correlated with the concentration of A1 in the soil solution, it was found that the high aluminum 
concentration was not the cause but rather the result of the growth retardation. Also, no varietal 
differences were detected in the response to A1 concentration in the soil solution. Second, total Ca supply 
(exchangeable Ca of original soil plus applied Ca as lime) determined the total growth even when the 
results of both top and subsoils were combined. The adaptation of the tolerant variety to low Ca 
conditions was attributed to the low requirement of Ca when Ca in soil started to be deficient. 

Since it was concluded that Ca absorption rather than direct A1 toxicity is the key factor which 
differentiates the degree of tolerance, the relative affinity of Ca and A1 to the root cell wall (at the level 
of which these two elements compete) was investigated by measuring the ion exchange and chelating 
characteristics of the root tip surface. It was found that the lower interference of A1 in the Ca retention by 
the root cell wall was the main reason for the high efficiency of uptake and utilization of Ca for tolerant 
varieties. 

These results indicate that the better growth of the tolerant varieties at the low lime rate was due to their 
tolerance to a low Ca supply rather than to tolerance to high A1 in acid soils, which has a direct 
implication in determining the target of both field and laboratory screening tests. It was suggested that 
the ion exchange and chelating characteristics of the root cell wall should be used as criteria for acid soil 
tolerance. 


*Formerly: CIAT Rice Program, presently: University of California, Davis, USA. 

Fig. 1. Response of susceptible varieties o f upland rice to indices of soil acidity in the topsoil of 

savanna (0-20 cm). 

Photo : Root sampling in upland rice experimental field in Llanos, Colombia. 
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Fig. 1 The response of susceptible varieties of upland rice to soil pH (A), exchangeable A1 (B), exchangeable 
Ca (C) and A1 saturation (D) in the top soil of savanna (0-20 cm). 
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China-Japan Joint Workshop Held on 

"Migration and Management of Insect Pests of Rice in 

Monsoon Asia" 

The rice planthoppers are international insect pests of rice, which undertake long-range migrations from 
tropical to temperate rice areas in Asia. The collaborative research project on "Long-range migration of 
rice insect pests in monsoonal East Asia" between JIRCAS and National Agro-Technical Extension and 
Service Center (NATESC), P. R. China was initiated at China National Rice Research Institute (CNRRI) 
in 1992. The project which enabled to clarify the dynamic process of the rice planthopper migrations 
from Indochina to Japan via South China, was successfully terminated in January, 1997. In the same 
year, JIRCAS and CNRRI agreed to continue the research collaboration on rice planthoppers, shifting the 
research focus from migration to management for the subsequent 5-year period. 

Taking this opportunity, JIRCAS organized the China-Japan Joint Workshop on "Migration and 
Management of Insect Pests of Rice in Monsoon Asia" in collaboration with CNRRI and NATESC to 
review the collaborative research project and to promote the new JIRCAS-CNRRI project on 
"GEU-based IPM (Integrated Pest Management) for migratory insect pests of rice in China". The 
Workshop was held during the period 27-29, November, 1997 at CNRRI. Eighteen speakers were 
invited, including 7 overseas participants from Korea, Laos, Myanmar, Philippines, Taiwan and Vietnam. 
The Workshop started with introductory remarks on the management of insect pests of rice in China by 
NATESC, and reviews of planthopper migration studies in Japan and China by JIRCAS and CNRRI, 
respectively. The Workshop program was divided into the migration and IPM sessions. A study report on 
computer simulations of windbome migrations developed by JIRCAS, and 6 case studies on migrations 
to South and Central China, Taiwan, Ishigaki Island, and Korea were presented in the "Migration 
Session". The "IPM Session" consisted of 4 country reports on the ecology and management of rice 
planthoppers and other insect pests in Vietnam, Laos, and Myanmar, and 2 papers on theoretical 
approaches for sustainable pest management in rice ecosystems. In the "Closing Session", 
monsoon-linked long-range migrations of rice planthoppers, practical significance of insect resistance in 
rice in IPM, and new paradigms for rice pest management were highlighted and subjected to discussions. 
(Kazushige Sogawa ) 

Fig.l An example of trajectory analysis of windbome migrations by the rice planthoppers(photo) from 

China to Japan on the computer program developed by JIRCAS. 
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3rd Seminar on Brackish Water Project Held in Malaysia 


3rd Seminar on *Brackish Water Project* Held in 
Malaysia 

On December 8-9, 1997, the 3rd "Brackish Water Project" seminar was held in the Conference Room of 
the Institute of Postgraduate Studies and Research, University of Malaya in Kuala Lumpur, Malaysia. 
This seminar is held annually as a part of the comprehensive project on "Productivity and Sustainable 
Utilization of Tropical and Subtropical Brackish Water Mangrove Ecosystems." The project aims to 
evaluate the productivity of such areas and identify the criteria for sustainable utilization. The west coast 
of Peninsular Malaysia was selected as the study area due to the presence of various types of mangrove 
forests. Counterpart organizations include the Fisheries Research Institute (FRI), the University of 
Malaya (UM) and the Forest Research Institute of Malaysia (FRIM). 

Subjects addressed in the seminar were as follows: 1) Water quality, 2) Forest and litter fall, 3) Food 
web, 4) Meio and macro-fauna, 5) Socio-economic aspects and policy, and 6) Fish and prawns. About 40 
scientists from Japan, England, and Malaysia participated in the seminar, and fourteen papers were 
presented. 

During the 3rd seminar, Professor T. K. Mukherjee, Dean, Institute of Postgraduate Studies and 
Research, University of Malaya gave a welcome address, Dato' Mohd. Mazlan b. Jusoh, Director 
General, Department of Fisheries gave an opening address, and Dr. Shiro Uno of JIRCAS made closing 
remarks. 

During the two days' seminar, it was concluded that the research surveys conducted in 1996-1997 in the 
unexploited mangrove brackish water area had been completed and that in future the surveys should be 
concentrated in areas subjected to deforestation such as the Lumut mangrove area (Dinding river) in 
Perak State. (Shigeo Hay as e) 

Photo : Discussions at the 3rd "Brackish Water Project"Seminar. 
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In Asia, agricultural research so far has been mainly centered on the improvement of crop production itself to achieve self-su 


The 5 th JIRCAS International Symposium: 


Postharvest Technology in Asia 
- A Step Forward to Stable Supply of Food Products - 


The symposium on “Postharvest Technology in Asia” organized by JIRCAS will be held in Tsukuba, Japan during the period of September 9-11, 1998. 

In Asia, agricultural research so far has been mainly centered on the improvement of crop production itself to achieve self-sufficiency in food in order to support the 
growing population of the respective countries. It is anticipated that, in the near future, the food supply problems will become more complex as patterns of food 
consumption have improved in the region along with the increase of income and social development. 

Postharvest technology, which encompasses issues ranging from harvesting methods in farmers’ fields to food processing, should be more emphasized to prevent crop 
losses and for utilizing agricultural products efficiently to meet the changes in the food demand, especially the demand for processed foods. Food industries are closely 
related to crop production in the region but due to the lack of proper technology, sound progress of the food industry can not be fully achieved. In this Symposium, the 
development of the food industry in Asia will be reviewed and the basic technical problems involved for future progress will be outlined. 

The Japan International Research Center for Agricultural Sciences (JIRCAS) is implementing collaborative projects in Asian countries and “postharvest technology” 
should receive more attention in future research collaboration. Development of “postharvest technology” could contribute to securing a stable supply of food products 
in addition to the increase of agricultural income and improvement of the diet in the developing regions of Asia. 

The symposium program consists of a keynote speech and three sessions as follows: 


Keynote Speech 

Keiji Kainuma (BRAIN, Japan) 

Session 1: Main Priorities and constraints in postharvest technology in Asia 
Priorities and constraints of postharvest technology: 


-Vietnam 

Le Van To (Post-harvest Technology Institute) 

-Philippines 

Silvesta C. Andales (BPRE) 

-Thailand 

Jingtair Siriphanich ( Kasetsart Univ.) 

-China 

Feng Shuangquing (China Agric. Univ.) 

-India 

Ananthaswamyrao Ramesh (CFTRI) 


Session 2: Current development and future orientation of technology of grain storage and preservation in the tropics 
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-Alternative chemicals for Methyl Bromide. 

-Hermetic storages of grains in the tropics. 

-Role of biological control of grain storage in the tropics 
-Minimizing aflatoxin production in grains in the tropics. 
-Strategies to maintain grain quality in the humid tropics. 
-General comments 


ruce R. Champ (Australia) 

Filipinas Caliboso (BPRE, Philippines) 

Hiroshi Nakakita (NFRI, Japan) 

Prisnar Siriacha (Kasetsart Univ., Thailand) 
Mulyo Sidik (Ministry of Food Affairs, Indonesia) 
Greg Johnson (ACIAR, Australia) 


Session 3: Current situation and future orientation of technology of food industries in Asia 

Development and constraints in the food industries: 


-Thailand 

Saipin Maneepun (Kasetsart Univ.) 

-Philippines 

Josue S. Falla (BPRE) 

-China 

Deng Yong (China Agric. Univ.) 

-Indonesia 

Aman Wirakarta Kusumah (Bogor Agric. Univ.) 

-Taiwan 

Liu Tin-Yin (FIRDI) 

-Korea 

Cherl-Ho Lee (Korea Univ.) 

-Japan 

Hideki Uehara (Nihon Univ.) 


For detailed information, please contact: 

Dr. Yoshihiko Nawa 
Research Information Division 

Japan International Research Center for Agricultural Sciences (JIRCAS) 

1-2 Ohwashi, Tsukuba, Ibaraki, 305-8686 JAPAN 

FAX:+81-298-38-6342 

E-mail: sympo@jircas.affrc.go.jp 

(Hiroko Takagi) 
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PEOPLE 


New Visiting Researchers in Okinawa 

Nine visiting researchers will participate in JIRCAS Visiting Research Fellowship Program in Okinawa to carry out collaborative research focused on important 
topics related to tropical agriculture until September, 1998. 

• Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics 

El Khawas Hussein (Egypt) Wang Bujun (China) 

• Studies on the mechanism of heat tolerance of tropical and subtropical and microorganisms specific to the tropical and subtropical crops 

Liu Jian (China) Yakubov Bakhtiyor (Uzbekistan) 

• Identification and evaluation of salf-tolerant crops 

Safdar Hussain Shah (Pakistan) Li Chengyun (China) 

Sumanasinghe Vithanaarachchige Ariyawanse(Sri Lanka) Masood M, Shahid (Pakistan) 

• Evaluation and development of long-term conservation techniques of genetic resources of vegetatively propagated crops in the tropics and 
subtropics 

Narinder Pal Singh Dhillon (India) 


Photo: JIRCAS visiting research fellows outside the Okinawa Subtropical Station. 

Dr. Iwao Watanabe Biological Research Division was appointed as Deputy Director General of the Food and Fertilizer Technology Center in Taipei. He is going to 
assume the post from April 7, 1998. Dr. Watanabe has worked as senior researcher in the field of plant physiology and cultivation management for the Tropical 
Agriculture Research Center and JIRCAS since 1990. During this time, he was based at the International Institute for Tropical Agriculture for the collaborative 
research on drought tolerance in cowpea from 1990 to 1992. Dr. Watanabe received an award from the Japanese Society of Tropical Agriculture on March 27, 1998 
for his research at IITA (related article in Research Highlights). The award is given to a researcher in recognition of his contribution to agricultural research for the 
tropics. 

Photo : Dr. I. Watanabe with Mr. Akin at IITA Kano station, Nigeria. 

Dr. Akinori Noguchi, a food scientist, became Director of JIRCAS's Crop Production and Postharvest Technology Division on March 1, succeeding Dr. Koji 
Kawashima who became Professor at Seitoku University. Dr. Noguchi worked as a Research Coordinator for China in JIRCAS's Research Information Division 
(1996-1998) after carrying out studies at the National Food Research Institute as the Head of Food Engineering Laboratory. 

Photo : Dr. A. Noguchi New Director o f Crop Production and Postharvest Technology Division, JIRCAS. 
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Social Sciences at JIRCAS 



Kunio Tsubota 

Director, Research Information Division 

One basic feature that differentiates JIRCAS from its predecessor, the Tropical Agriculture Research 
Center (TARC) is the increased role of social sciences in the research activities. This reflects the fact that 
food and agriculture problems are becoming more global, complex and inter-linked. Even for research 
and development projects, many developing countries often express their concern about the 
socio-economic implications, sustainability, and environmental aspects of the developed technologies. It 
is widely recognized that these issues can be better addressed through a close collaboration between 
natural and social scientists. 

The recent trend of JIRCAS to place more emphasis on multidisciplinary and comprehensive projects 
follows the same line. JIRCAS is convinced that project goals are better achieved if social scientists work 
together with natural scientists before and during the project. Social scientists are often expected to play 
a bridging role in a multidisciplinary project by considering individual technologies within a broader 
context of the socio-economy of the countries concerned. Nowadays agro-economists and rural 
sociologists are expected to play an important role in the JIRCAS comprehensive projects. 

In the Mekong delta project, agro-economists are evaluating the sustainability and expansion capacity of 
the specific crop-livestock-fish farming system. This would assist, in particular, the natural scientists who 
are dealing with technological problems relating to pig raising and aquaculture. In the northeastern 
Thailand project, economists are projecting the demand for livestock products and analysing the 
comparative advantage of various farm and non-farm sectors, while other researchers carry out studies on 
the improvement of cropping systems as well as feed supply capacity including the use of sugarcane 
by-products as cattle feed. A rural sociologist and economists are carrying out preliminary studies to 
assess the validity of the farming systems research approach in Indonesia which may result in a more 
efficient dissemination of improved technologies. 

Apart from the social scientists engaged in the collaborative projects overseas, some JIRCAS economists 
are conducting more general studies at the headquarters, including world demand-supply projections and 
policy simulations based on econometric models. The models can illustrate possible changes in world 
commodity markets under different scenarios. As an example, by linking these models with national 
models, we expect that more precise predictions will be made for specific commodities such as soybean 
in Brazil. Attempts are also made to modify the models so that environmental factors can be incorporated 
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The methodologies used by JIRCAS social scientists vary. Many rely on econometric methods while 
some use farm budget or cost-benefit analysis. Others adopt more qualitative or institutional approaches 
including farming systems research. 

In spite of the growing demand, currently JIRCAS has only a few social scientists in its staff. To fill the 
gap, two institutes affiliated to MAFF, the National Research Institute of Agricultural Economics and the 
National Agriculture Research Center, assign their economists and sociologists to work as short-term 
visiting researchers in JIRCAS projects abroad. Some visiting foreign researchers who stay at JIRCAS 
also assist JIRCAS social scientists in such fields as econometric analysis or country economic studies. 

Fig. 1. JIRCAS Comprehensive Research Projects. (49KB) 
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Economic Models for the Brazilian Farm Management 


Economic Models for Brazilian Farm Management 

Hideki Ozeki 

JIRCAS has been implementing the collaborative research project titled "Development of Agro-Pastoral 
Systems in the Subtropical Area of Brazil" with EMBRAPA in Brazil since 1996. As part of this project, 
Dr. Yoshihiko Sugai and myself have been constructing economic models in collaboration with several 
economists of EMBRAPA for evaluating the Brazilian agro-pastoral sector from both micro and 
macroeconomic viewpoints. The selection of appropriate models is an important issue. In this study, 
three models were used for evaluating the sector at different levels. The models consist of 1) evaluation 
model for agro-pastoral systems at farm level, 2) spatial equilibrium model at regional and national levels 
(EMBRAPA) and 3) input-output model for agro-industries at national level. Each model can work 
independently, but will be linked by using simulation results from the other models as exogenous 
variables. In addition, 4) assistant external systems for the three economic models supply exogenous 
factors. 

The first evaluation model for agro-pastoral systems, based on revised linear programming method, aims 
at evaluating the financial superiority of improved agro-pastoral farming systems i.e. the mixed, 
multiple-cropping systems with crop-pasture rotation. It examines the optimum resource allocation to the 
farm of the new technology. 

The second spatial equilibrium model has been developed by EMBRAPA to evaluate the new 
agricultural technology and policies at the national level. It takes account of the geographic conditions as 
well as economic conditions and thus calculates the optimum allocations of production units including 
agro-pastoral ones. A trial calculation (SEA/EMBRAPA, 1998) shows that optimization of present 
resource allocation raises the quantity of grain production by 20% over the actual level of the 1993-95 
period. If 70% of the farmers were to adopt the improved technology, grain output would increase by 
53%. Though the farmers in the grain production area are willing to introduce the improved technology, 
poor transportation network discourages their activities and leaves the potential unexploited. 

The model is built mainly for the grain sector presently, but in the near future, plans are made to include 
the livestock sector too. Moreover, geographic information system (GIS) will be introduced into this 
model to visualize the large output produced by the simulation. 

The third input-output model for agro-industries evaluates the impact of the changes in the 
macroeconomic conditions, for instance, the changes in total agricultural output, grain import prices, etc. 
Especially it enables to analyse quantitatively the nation-wide relationships among agriculture, food 
processing industries and other related industries. As the categorization of input-output tables published 
by IBGE (Instituto Brasileiro de Geografia e Estatistica) is too simple, the tables were rearranged based 
on a definite mathematical model. Fig. 1 depicts a part of the estimation results. It assumes first that the 
soybean exports could increase by 1 million tons as a result of changes in the agricultural policy or trade 
policy. In the first scenario, 1 million tons of soybean are assumed to be exported as grains (CASE 1). In 
this scenario, 167 million R$ of GDP (Gross Domestic Product) could be induced mainly in the soybean 
production sector, while the impact on the other industries and services is likely to be negligible. The 
second alternative assumes that 1 million tons of soybean are exported in the form of soybean products 
(oils, card, etc.) (CASE 2). In this scenario, 283 million R$ of GDP will be induced in the soybean 
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production sector, the vegetable oils industry and other industries. This trial calculation suggests that the 
economic impact of exports as "processed and value-added products" will be larger and broader than in 
the case of “primary or raw materials”. 

The fourth assistant external systems include the 1995 Agricultural Census published by IBGE and the 
world food model developed by JIRCAS. We plan to incorporate the results of former large statistics and 
the latter into the economic models and to develop a data bank of census results to enable researchers to 
retrieve these data easily. 

Figl. Induced GDP by exports of soybean or soybean products. 

(equivalent to 1 million tons soybean) (45KB) 
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Projections of World Food Supply and Demand for 2020 

Projecting the Future World Food Situation 

Osamu Koyama 

The situation of food supply and demand in the future is a matter of serious concern. The issues currently 
addressed are whether agriculture in the world will be able to continue to supply adequately food to the 
increasing population, and whether the present regional imbalances in food supply will be solved in the 
future. If these issues are solved, what will be the price level and the technological level? To answer 
these questions, many research organizations are conducting analyses on the future food supply and 
demand situation. JIRCAS also examines the future orientation of agricultural technology development, 
analyses domestic and overseas policies for agriculture and conducts projection studies. 

For the past 35 years, mankind has succeeded in achieving a food production level above population 
increase. The relative price of grains has declined almost consistently. Thus, many projections relying on 
long-term past trends all reach optimistic conclusions. However, the recent trends, mainly those of 
grains, have led to some discrepancies about the future situation. In the late 1980s, the world food output 
per capita began to decrease, along with issues related to the degradation of the global environment, 
stagnation in technical development and lower investment in agriculture. Consequently discussions about 
the world production potential have been rekindled. 

Econometric models are widely used in many projections. In the models, the relationship among various 
factors to the food supply and demand is translated into formulae in an econometric way using past and 
present data. The International Food Policy Simulation Model (IFPSIM) used at JIRCAS is such a model 
(Fig. 1). It consists of a combination of 14 main food commodities models. It covers the entire world 
divided into 31 countries and regions. 

Fig. 1. Data flow chart of IFPSIM (example of cereals for a region/country). (36KB) 

The external conditions given to the model and the parameters in the model determine the outcome of the 
projections. Especially important are the rates of population growth, income rise, technological changes 
related to yield per unit acreage, etc. Income elasticity, the factor indicating the impact of income on 
demand for food, plays a decisive role, too. According to the tentative baseline projection to the year 
2020, the rate of increase of grain production will amount to about 2% per year, a higher value than the 
estimated population growth. The demand for soybeans and livestock products is estimated to be much 
higher than the population increase. The key to a higher food supply in the future is a higher yield per 
unit area. The yield level is markedly affected by, among others, the ratio of irrigated areas and that of 
areas planted with high-yielding varieties. In addition, the input of fertilizers and agricultural chemicals 
will be an important factor in the future. Further econometric analyses of these elements are required. 

Fig. 2 shows the outcome of several scenarios studies, one of the advantages of model analysis. In the 
scenario where the rate of increase of the yield of crops will gradually decline to half of the recent trend 
owing to the environmental issues and limited supply of resources, it is anticipated that world grain 
prices continue to rise. In the second scenario a wide crop failure of grains and soybeans is predicted 
lending to high prices of agricultural commodities. It is feared that such high price levels will adversely 
affect low-income countries relying on inexpensive imported food. In the third scenario where it is 
predicted that prices will decrease, it is assumed that economic growth will slow down. However, it 
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should be noted that lower food prices do not always result in a higher nutrition level. 

Fig. 2. Simulation of grain price (index: 1992=100). (36 KB) 

In a quarter of century from now, the need for increasing food production may become less acute than 
presently. However, it may not be possible to continuously increase production or to keep the current 
production level in future without sacrificing resources and the global environment. On the other hand, 
even an optimistic forecast warns that the 800 million undernourished population in the world may not 
decrease appreciably . Through the modeling studies attempts are made to examine the overall direction 
of problems facing world agriculture. The outcome of these studies should provide a clearer view of the 
issues which may become beyond control unless serious attention is being paid now. 
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Research Collaboration with CASER Focusing on the 
Farming Systems Research Experiences in Indonesia 

Junko Goto and Henny Mayroxvani* 

CASER, the Center for Agro-Socio-Economic Research, and JIRCAS have started a new collaborative 
research project. This new study currently titled "A study on the farmer-state linkages in upland farm 
development in Indonesia" aims to trace the history of FSR development in Indonesia and to conduct an 
in-depth case investigation of the extent of farmers' participation in the on-going FSR activities. Here, we 
would like to introduce briefly the background and key questions of our proposed research. 

Since the heyday of the Green Revolution in the 1970s, a farming systems approach has become a 
popular exercise among researchers, extension workers, and agricultural officials working in and for the 
developing countries throughout the world. Though diverse in methods and applications, it emphasizes a 
farmer-first attitude and bottom-up participatory procedure as well as a multi-disciplinary team play. 
Indonesia is no exception. The history of farming systems-oriented research in Indonesia can be dated 
back to the period of cropping systems research in the early 1970s under the strong influence of IRRI. 
Agricultural research in those days focused mainly on lowland, i.e., rice production, so that the large 
growing population would not go hungry. FSR gradually expanded to rainfed areas and, to some extent, 
to less-favored agricultural areas such as swamp areas and upland areas. 

The diversity of agroecosystems and the complexity of traditional agricultural practices prevailing in 
Indonesia offered an ideal ground for field investigations. Over the years, FSR incorporated various new 
challenges for the agricultural research community by exploring crop-livestock integration, agroforestry 
practices, rice-fish production combination, and so forth. Some latest studies also emphasize social and 
economic issues such as gender perspectives, credit institutions, and marketing strategies for farming 
households and communities. What can we extract from this rich, yet, rather unexplored history of 
research efforts? How was the English term "farming systems research" interpreted and adopted? How 
can we find the interaction between the foreign influence and the indigenous elements? And how can we 
identify the current position of farming systems research in Indonesia? These are our basic questions. 

We would like to elaborate a little on the "who" question—the main actors in the implementation of FSR 
in Indonesia. In the 1970s and early 1980s, the technical and financial assistance from outside the 
country played an important role in disseminating the concept of farming systems approach, training the 
researchers and extension workers, and formulating various on-farm research projects. The degree of 
foreign commitment may vary from one project to the other. Nevertheless, the Indonesian research 
institutes under the Agency for Agricultural Research and Development (AARD) of the Ministry of 
Agriculture became the core organizations for FSR activities. 

AARD organizations have undergone several changes during the past quarter of century reflecting the 
changing needs and priorities for agricultural research of the people and the government. Historically, the 
current Central Research Institute for Food Crops (CRIFC) has been the leading institute in organizing 
FSR, while other institutes such as Animal Sciences Institute, Horticulture Research Institute, and 
CASER also took part in the FSR activities as supporting institutes. In spring 1995, as part of the effort 
to decentralize the AARD system and to promote locally adaptive research, Assessment Institutes for 
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Agricultural Technology (AIATs) were established throughout the country to carry out region-specific 
research and extension. CASER was assigned to supervise the activities of AIATs in conjunction with 
CRIFC and other AARD institutes. Thus, AIATs have become the leading agents for the promotion of 
farming systems approach. At present, SUTPA ( Sistem Usahatani Berbasis Padi dengan Orientasi 
Agribisnis ) program, rice-based market-oriented farming systems research program, is the best known 
operation for most AIATs. Yet, AIAT activities are not limited to lowland, rice-based areas. In spite of 
the abundant evidence of high expectation for their work, there seems to be a lack of information 
regarding their day-to-day operation, coordination with local governments and other agents, and linkage 
and interaction with local farmers. Who will work with AIATs in specific localities? How do local 
farmers perceive their efforts? We would like to adopt a case analysis approach in answering these 
questions. 

Since 1995, CASER has organized several research projects on various aspects of AIATs activities with 
some assistance provided by ISNAR and IBRD. Compared to this rather large-scale, top-down 
examination, the proposed study should adopt a low-key, bottom-up approach in clarifying the role of 
AIATs, the challenges and limitations they face, and possible innovations and improvements in the 
existing system. We will use the case of an on-going farming systems research project for upland areas 
conducted in West Java as a window and the broader historical review as background. We expect that 
this study will generate a dialogue across disciplines and enhance communication and coordination 
between researchers and extension workers. 

^Center for Agro-Socio-Economic Research, Bogor, Indonesia 

Fig. 1. Organizational structure for farming systems research operation. (49KB) 
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Demand for Livestock Products and Feed in Southeast 
Asian Countries: Preliminary Projections 

Hiroaki Kobayashi 

The trend of feed demand in so-called "Dynamic Asia" will play an important role in this field. The 
current study aimed at estimating the potential demand for livestock products and feed in the near future 
in some Southeast Asian countries, i.e., Thailand, Indonesia, the Philippines and Malaysia. 

We attempted to estimate the demand for livestock products and subsequent feed demand, maize in 
particular by a simple model. Detailed analyses of feed grains production will be conducted in future 
studies. Although the model in this study is still incomplete, we estimated the potential demand for maize 
for feed use in the above four countries up to the year 2004. The ongoing model comprises 43 equations. 
Feed production in these countries seems to have peaked in recent years, and the potential demand in the 
future may affect the world grain market directly (Fig. 1). 

Fig. 1. Balance of feed grains: Thailand. (37KB) 

Table 1 shows the estimated results of demand functions of livestock products. While income elasticities 
of demand for meat and eggs in Thailand are 0.22 and 0.21, respectively, the elasticities of other 
livestock products are relatively high, indicating that a larger increase in demand associated with 
economic growth can be expected. Price elasticities of demand for meat and eggs are estimated to be 
very low, i.e., in the range from - 0.01 to - 0.12, because we used maize prices in the world market as 
proxies of those of the final products. Price elasticities for dairy products were estimated to be much 
higher. 

Table 1. Results of estimation of elasticities of demand (4KB) 

Using the estimation results of demand functions, we projected the potential demand for livestock 
products under the following three scenarios: 

Scenario I: Economic growth rates follow the past trend during the period from 1983/84 to 
1993/94, except for 0% for the Philippines. Exchange rates are fixed at the 1994 levels. 

Scenario II: Economic growth rates are halved, with 0% for the Philippines. Exchange rates are 
fixed at the 1994 levels. 

Scenario III: Economic growth rates are the same as those in Scenario II. Exchange rates are 
fixed at the March 1998 levels after 1998. 

Then we linked estimation results of domestic production of livestock products to a potential demand for 
feed, i.e., maize. The amount of products was converted to an equivalent of protein contents in this 
linkage. We handled only maize, because it is the dominant element of feed grains, and the share of 
maize was in the range of 82-88% in the four countries. The next main component is rice bran or wheat 
bran which hardly responds to changes in the demand for feed. 

Some of the preliminary results are summarized in Table 2 and the potential demand for maize forecast 
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for each scenario is as follows: 

Scenario I: Malaysia continues to lead in terms of per capita consumption of livestock products. 
Per capita consumption of meat and eggs in Thailand does not increase appreciably, reflecting the 
relatively low income elasticities estimated. Sharp increases in meat consumption in the 
Philippines are generated only by the trend variable, which may lead to an overestimation to some 
extent. The consumption of maize in these four countries, which is deduced from livestock 
production, is predicted to increase roughly by 6 million metric tons (mt) from 11.9 million mt in 
1994 to 17.9 million mt in 2004. 

Scenarios II & III: It is obvious that the increase in consumption of the various livestock products 
will be lower than that predicted in Scenario I. The difference between the results of Scenario II 
and those of Scenario III is deduced from the difference in the prices of the products according to 
the lower exchange rates. We observe that economic growth is the main factor in promoting 
consumption of livestock products, except in the case of the Philippines where 0% economic 
growth is assumed. The devaluation of currencies affects more seriously the consumption of dairy 
products. The total maize consumption is forecast to increase by roughly 4.5 million mt to 17.5 
million mt in the year 2004 in Scenario II and by roughly 4.1 million mt to 16.1 million mt in 
Scenario III. 

Table 2. Projections of potential demand for livestock products (8KB) 
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Table 1. Results of estimation of elasticities of demand 



Thailand 

Indonesia 

the Philippines 

Malaysia 

Income elasticities 

Eggs 

0.21 

0.58** 

1.20** 

1.35** 

Dairy 

0.88** 

0.93 

1.29 

0.75 

Own price elasticities 

Meat 

-0.01 

-0.08 

-0.12 

-0.13 

Eggs 

-0.03 


-0.01** 

-0.15 

Dairy 

-0.28 

-0.38 

-0.32 



Note: ** denotes statistical significance at 1% level. 
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Table 1 

Table 2. Projections of potential demand for livestock products 



1994 


Year 2004 



Actual 

Scenario I 

Scenario II 

Scenario III 

Countries 

Per capita consumption of meat (kg) 

Thailand 

21.2 

24.8 

23.1 

23.0 

Indonesia 

9.7 

16.7 

12.8 

11.2 

The Philippines 

24.8 

36.8 

36.8 

35.1 

Malaysia 

49.1 

69.2 

59.4 

58.5 


Per capita consumption of eggs (kg) 

Thailand 

oo 

oo 

11.4 

10.6 

10.5 

Indonesia 

3.1 

4.0 

3.6 

3.6 

The Philippines 

5.3 

5.9 

5.9 

5.9 

Malaysia 

17.6 

26.3 

22.3 

21.9 


Per capita consumption of dairy products (kg) 

Thailand 

21.6 

33.8 

25.2 

21.5 

Indonesia 

6.6 

8.7 

7.2 

4.0 

The Philippines 

20.7 

33.0 

33.0 

28.9 

Malaysia 

59.1 

74.3 

68.2 

68.2 
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Workshops organized by JIRCAS 


International Meetings Organized by JIRCAS 

□ International Contribution of Japan and ILRI to World Animal Production 
Research 

Joint workshop of JIRCAS with International Livestock Research Institute (ILRI) was held on February 13, 1998 in the International Conference Room of 
JIRCAS. 

The main purpose of this workshop was to discuss matters related to the future strategy and orientation of livestock research, as well as to enhance the 
relations in collaborative research not only between ILRI and JIRCAS but also between ILRI and other Japanese institutes in charge of animal sciences. 

Collaborative research between the Tropical Agriculture Research Center (TARC) and former International Laboratory for Research on Animal Diseases 
(ILRAD) and International Livestock Center for Africa (ILCA) and subsequently between JIRCAS and ILRI covers a history of 18 years. In 1980, TARC 
initiated a joint study on theileriosis with ILRAD in Kenya. During these 18 years, JIRCAS sent 8 researchers on long-term assignments and 7 short-term 
visiting scientists. 

Japanese researchers dispatched to ILRAD and ILRI had conducted basic research for developing a new vaccine to prevent theileriosis. They obtained 
excellent results in investigations on the transmission of theileriosis. JIRCAS also sent a researcher to develop statistical methods for evaluating the 
productivity of milk and meat, and the adaptability of African cattle to their environment. 

ILRI is a new institute established in 1995 after the fusion of ILRAD and ILCA among the CGIAR Centers. It has attempted to extend its scope of 
research activities to Asian developing countries under a new mandate. 

This workshop was organized by the Agriculture, Forestry and Fisheries Research Council Secretariat of MAFF, Japan, JIRCAS and ILRI in collaboration 
with the National Institute of Animal Industry, National Grassland Research Institute and National Institute of Animal Health under the sponsorship of 
Japan Livestock Technology Association. 

The workshop emphasized the importance and significance of the future strategy and orientation of livestock production research in Asian developing 
countries. Also valuable information was exchanged throughout the discussions, which enabled to deepen mutual understanding and collaborative relations 
between the Japanese and ILRI scientists toward the 21 st century. (.Eitaro Imaizumi) 




□ Seminar on "No-tillage Cultivation and Future Research Needs "for the New 
Soybean Project 

JIRCAS has initiated a research collaboration with MERCOSUR countries for a 10-yr (1997-2006) project titled: "Comprehensive Studies on Soybean 
Improvement, Production and Utilization in South America". For the implementation of the collaboration, Dr. Nobuyoshi Maeno, Director General of 
JIRCAS visited Brazil, Paraguay and Argentina in March 1998 and signed the Record of Discussions Relating to Research Collaboration with the Ministry 
of Agriculture and Livestock, Paraguay (MAG) and the National Institute of Agricultural Technology, Argentina (INTA). With the Brazilian Agricultural 
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Corporation (EMBRAPA), this project is the second comprehensive project following the "Agro-Pastoral Project" which has been carried out since 1996. 

To commemorate the initiation of the project, the seminar titled "No-tillage Cultivation and Future Research Needs" was held on March 5-6 in Foz do 
Iguassu, Brazil under the joint organization of JIRCAS and the Centro Tecnologico Agropecuario en Paraguay (CETAPAR-JICA). It was the 1 st JIRCAS 
seminar on soybean research in South America. From 6 countries, 60 scientists participated and exchanged views on the current situation of and future 
prospects for no-tillage cultivation system as well as on the potential demand and uses of soybean. The proceedings of the seminar will be published by 
JIRCAS. ( Makie Kokubun) 


□ USM-JIRCAS Joint International Conference on "Acacia Species-Wood 
Properties and Utilization" in Malaysia 

The International Conference on "Acacia Species-Wood Properties and Utilization" organized by Universiti Sains Malaysia (USM) and JIRCAS was held 
in Penang, Malaysia during the period March 16-19, 1998. 

Fifty scientists from 7 countries, participated in the conference and discussed the current situation of Acacia mangium utilization. During the meeting, the 
need for carrying out further research on the wood properties of Acacia mangium and promoting a better utilization of the species was emphasized. 

Twenty five papers and 6 posters were presented in the 4 sessions. In a post-conference tour, most of the Japanese participants observed a movable 
sawmill set up in the thinning area of a 11 years Acacia mangium plantation in Selangor, Malaysia. ( Koichi Yamamoto ) 

* » •» ♦ 

JIRCAS also organized a workshop on "Water Management and Agriculture in Malaysia" to which representative from relevant organizations in Malaysia 
were invited during the period March 25-27, 1998. 

In addition, delegates from Indonesia, Malaysia, the Philippines and Thailand participated in a workshop on "Aquaculture and Environmental Problems in 
Southeast Asian Countries" organized by JIRCAS during the period March 26-30, 1998. 

During these two workshops' discussions were held to further promote collaborative research activities between some of these organizations and JIRCAS. 


Next 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1998/no.15/07nl15-p7.htm (2 of 2) [10/7/2002 8:53:14 PM] 




JIRCAS/IPGRI Joint International Workshop 

Forthcoming Workshop 

JIRCAS/IPGRI Joint International Workshop: 

Cryopreservation of tropical plant germplasm 

JIRCAS and International Plant Genetic Resources Institute (IPGRI) are jointly organizing an International Workshop entitled: "Cryopreservation of tropical 
plant germplasm: Current research progress and applications". This workshop will take place at JIRCAS in Tsukuba, Japan from the 20 to 23 October, 1998. 

In the traditional method of conserving the genetic resources of recalcitrant seed species and vegetatively propagated crops, whole plants are maintained in the 
field. There are, however, several serious problems with field genebanks, including exposure to natural disasters, attacks by pests and pathogens, and high 
maintenance costs. The Global Plan of Action for the Conservation and Sustainable Utilization of Plant Genetic Resources for Food and Agriculture has 
identified the development of safe and cost-effective techniques for the long-term conservation of these problem species as a priority research area. 

For long-term conservation of problem species, cryopreservation is the only method currently available. Dramatic progress has been made over recent years in 
the development of new cryopreservation techniques and cryopreservation protocols have been established for over 100 different plant species. However, 
cryopreservation of tropical and sub-tropical species has been less extensively investigated than that of temperate species. 

An increasing number of National Programmes in the tropics are initiating research activities in this area. The workshop will provide a unique opportunity for 
cryopreservation researchers to gather and meet leading scientists in this field, and to discuss numerous aspects of cryopreservation of tropical plant species. 
The objectives of the Workshop are: 

• To assess the current state of the art, present application of and existing problems with cryopreservation of plant germplasm, with emphasis placed on 
tropical species 

• To identify priority areas for collaborative research, technology development, transfer and application 
The tentative program of the workshop which will include oral and poster presentations is as follows: 

1 - fundamental aspects of cryopreservation 

2 - case studies (cells, embryos, pollen and apices) 

3 - applications of cryopreservation in the genebank context 

4 - country reports 

5 - general discussion 


For additional information please contact: 

Hiroko Takagi 

Florent Engelmann 

JIRCAS 

IPGRI 

1-2, Ohwashi, Tsukuba, Ibaraki, 305-8686 JAPAN 

Via delle Sette Chiese 142 

Tel: +81-298-38-6384 

00145 Rome, Italy 

Fax: +81-298-38-6342 

Tel: +39-6-51892224 

E-mail: takagiw@jircas.affrc.go.jp 

Fax: +39-6-5750309 

E-mail: f.engelmann@cgnet.com 
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Kenji MURAKAMI became Director of JIRCAS’s Administration Division on April 1 


PEOPLE 



Takahiro INOUE, a soil scientist, became Director of JIRCAS’s Research Planning and Coordination Division on April 1, 1998, 
succeeding Dr. Keiji Ohga who became Professor of Tokyo University. Before joining JIRCAS, Dr. Inoue was Director of the 
Department of Research Planning and Coordination at Kyushu National Agricultural Experiment Station. As a TARC (predecessor 
of JIRCAS) member, he carried out "Studies on the Increase of Productivity of Upland Soils in Thailand" in collaboration with the 
researchers of the Department of Agriculture of Thailand from 1980 to 1984. 



Kenji MURAKAMI became Director of JIRCAS’s Administration Division on April 1, 1998. He was until recently Deputy 
Director of the Policy Planning Division, Fisheries Agency, Ministry of Agriculture, Forestry and Fisheries (MAFF). He also 
worked at the Economic Affairs Bureau and Agricultural Structure Improvement Bureau previously. 



Tsuguhiro HOSHINO, a wheat and barley breeder, became Director of JIRCAS’s Biological Resources Division on April 1, 1998, 
succeeding Dr. Teruo Ishige who was transferred to MAFF’s Research Council Secretariat. During his former assignment at 
Chugoku National Agricultural Experiment Station, he was head of the Research Planning Section. In 1986 and 1987, he spent two 
and three months, respectively, at ICARDA as visiting scientist. 
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Building New Structures for Collaborative Research 


Building New Structures for Collaborative Research 



Nobuyoshi Maeno 
Director General 

During the time of the Tropical Agricultural Research Center (TARC), the predecessor of JIRCAS, collaborative research was conducted 
primarily in individual fields of research with particular research organizations in specific countries. There is no doubt that, based on 
unidisciplinary collaborative research efforts under such institute-to-institute relationships, we have obtained numerous valuable research 
results. 

However, when TARC was reorganized into the present Japan International Research Center for Agricultural Sciences (JIRCAS) in 1993, the 
scope of our research objectives and, concomitantly, the number of partner countries and regions in our cooperative research program 
widened considerably. In order to respond to this newly expanded mandate within the constraints of limited resources, an emphasis on 
collaborative research and research structures differing from those previously utilized became necessary. As a result, a variety of new 
initiatives have been undertaken since the start of JIRCAS. One such initiative involves efforts to strengthen comprehensive research 
programs aimed at systematic multidisciplinary research in complement to the unidisciplinary approach characteristic of the past. At present, 
comprehensive research projects are underway in Thailand, Vietnam, Malaysia, the People’s Republic of China, Brazil, Indonesia, etc. 

As the scope of our research has broadened from unidisciplinary to multidisciplinary, the number of research organizations in partner 
countries with whom we maintain relationships has also quite naturally expanded. Consequently, institution-to-institution relationships of the 
past have become what might be called govemment-to-govemment relationships. As a result, relationships with partner countries have 
become more formalized and systematized. 

These changes have allowed JIRCAS to pursue a broad range of additional international initiatives, some of which are described below. 

Multinational Initiatives 

In one new initiative, we have developed structures allowing us to implement research in collaboration with multiple countries regarding 
research problems spanning broad areas. Our collaborative soybean research project with the MERCOSUR countries (Brazil, Paraguay, and 
Argentina) provides one example. It marks our attempts since the days of TARC to move from cooperative relationships with individual 
countries toward cooperative multilateral relations within which we can work together with several countries simultaneously. Through these 
efforts, we have become better able with limited research resources to implement efficient and effective collaborative research for addressing 
problems common to several countries. 

Furthermore, in the South American soybean project, we have created new research systems amenable to the participation of experts outside 
those organizations formally affiliated with the Ministry of Agriculture, Forestry and Fisheries. These arrangements might be described as the 
practical application of the power of post-doctoral research, as they allow JIRCAS to complement the abilities of its own staff by adopting, for 
relatively long periods of time, outside experts to assist with multinational research projects. Many of these researchers have previously 
accumulated invaluable experience in conducting collaborative research in targeted areas of the developing world. 

Additionally, in our comprehensive project on the "Sustainable Production and Utilization of Major Food Resources in China," we have made 
possible the participation of researchers from Japanese prefectural agricultural research organizations, which often conduct research highly 
relevant to the developing areas with which JIRCAS is most concerned. Now, in cooperation with JIRCAS, these organizations can take 
advantage of opportunities to dispatch personnel overseas and develop links with foreign countries. 

Through these initiatives, the Center hopes to be able to plan for further expansion in the ranks of researchers interested in international 
agricultural research collaboration, particularly with developing countries. 
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Building New Structures for Collaborative Research 

New Cooperative Relationships with CGIAR Centers 

Since the beginning of Fiscal Year 1997, we have been promoting a project on "New technologies for agricultural research" in cooperation 
with the International Service for National Agricultural Research (ISNAR). The project will be funded with a special allotment to ISNAR 
from the Japanese Ministry of Foreign Affairs, but JIRCAS has been selected to cooperate in the implementation of technical matters. This 
marks for us a new cooperative relationship with one of the international research organizations under the umbrella of the Consultative Group 
on International Agricultural Research (CGIAR). Up to this point, we have had relationships in which JIRCAS researchers are dispatched to 
CGIAR research organizations and utilize available research infrastructure to implement particular research projects. Hereafter, however, it 
will be necessary to expand these types of new cooperative relationships. 

With the restructuring of TARC into JIRCAS, our mandate has grown. Because it would prove difficult to respond to this new mandate using 
only established methods, new structures for research cooperation are becoming increasingly necessary. Therefore, in the future, by 
commissioning research to organizations in developing countries and by devising a variety of other new structures, we hope to realize more 
efficient, effective cooperative research. 
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Government of Japan Special Project at ICRISAT 


Hiroshi Nakano 

JIRCAS scientists have been involved in the Government of Japan (GOJ) Special Project carried out at the International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) in India. In the research project, since 1994, the collaborative studies with ICRISAT scientists 
have dealt with the "Physiological and Genetic Adaptation of Sorghum and Pigeonpea to Low Nutrient Availability in the Semi-arid Tropical 
Environment". Mandate crops of ICRISAT are pigeonpea, sorghum, pearl millet, etc. which are cultivated in areas where the soil and climatic 
conditions are very severe in Asia and Africa. Drought stress in rainfed agriculture and low level of soil nutrients are the main constraints for 
the production of the crops in these areas. Many new varieties and hybrids of sorghum and pigeonpea have been released by ICRISAT and 
national institutes of tropical countries but these modem varieties require good cultivation conditions to perform well. However, many 
farmers can not use inputs for the production of such low income crops. Sorghum and pigeonpea are cultivated mainly under rainfed 
conditions and without fertilizer application. Recently many studies have been conducted to develop technologies for increasing the yield in 
low fertile land without irrigation and with limited application of fertilizer, that is, technologies for low input and sustainable agriculture. 
Scientists of the previous GOJ special project teams at ICRISAT also directed their attention to such research and they investigated the 
mechanisms whereby sorghum, pigeonpea, etc. take up low available soil nitrogen and phosphorus. We intended to expand the soil and plant 
nutrition studies by introducing genetic aspects. 

Sorghum and pigeonpea were investigated through two main approaches; 1) screening of genotypes which are highly adapted to low nitrogen 
and low phosphorus contents in soil and 2) plant nutrition studies on nitrogen and phosphorus uptake and translocation and assimilation in the 
crop organs. Varieties of both crops show a wide genetic diversity in terms of plant morphological and physiological characteristics. For 
example, plant height which widely ranged from 50 cm to 300 cm reflected the high genetic diversity of the sorghum germplasm (Photo 1). 

Photo 1: Local sorghum variety with a long stem (50KB) 

ICRISAT preserves many germplasm accessions of both crops. We anticipate that some germplasm useful for the enhancement of 
adaptability to low available nitrogen and phosphorus will be identified in the large gene bank. Field screening tests of varieties of both crops 
have been carried out in experimental fields with low nitrogen and phosphorus fertility at the ICRISAT campus (Photo 2). 

Photo 2: Screening test of sorghum varieties at ICRISAT campus (30KB) 

The results indicated that genetic diversity could be detected in the adaptability of sorghum and pigeonpea to low soil phosphorus and in the 
adaptability of sorghum to low soil nitrogen availability. On the other hand, physiological studies on phosphorus uptake and assimilation in 
sorghum showed that there were genotypic differences in the "production efficiency of phosphorus" that is expressed by the plant biomass 
production per unit amount of phosphorus absorbed by roots. On the other hand, nitrogen studies in sorghum showed that the roots of some of 
the varieties display a high activity in soil nitrogen uptake, especially after the heading stage. We expect that these findings will contribute to 
further development of the studies carried out within the framework of the GOJ Special Project at ICRISAT. 
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Research on Mangrove forest in Matan forest reserve, Malaysia 


Research on Mangrove Forests in Matang Forest Reserve, Malaysia 


Ochiai Yukihito 

About 200 km north of Kuala Lumpur, the capital city of Malaysia, the Matang Mangrove Forest Reserve near Taiping city extends over 40,711 ha. 
This forest reserve is famous for its sustainable management. With a 30-year rotation, Rhizophora apiculata (one of the major species of mangrove 
there) can be harvested for charcoal and also planted at the same time as harvest. 

JIRCAS comprehensive research project entitled: "Productivity and Sustainable Utilization of Brackish Water Mangrove Ecosystems" is being 
carried out in this area. This project is implemented jointly by the Fisheries and Forestry Divisions of JIRCAS, University of Malaya, Fishery 
Research Institute of Malaysia and Forest Research Institute Malaysia. The participants in the project carry out investigations on mangroves, crabs, 
plankton, fish, human activities, etc. to evaluate the concept of sustainable management of mangrove forests. 

The term "mangrove" refers to the plant community in an intertidal area. Mangroves capture and intercept any objects and organisms flowing from 
the upper stream, hence their importance for the production of fishery resources as well as their role in the protection of the environment. 

Every organism in a mangrove forest depends on the mangroves and productivity depends on that of the trees. As a part of this project, the Forestry 
Division of JIRCAS has analysed the litter fall in three different types of mangrove forests. Litter fall refers to anything that falls from mangrove 
trees. Three types of forests including a) mixture of Avicennia spp. and Sonneratia spp., b) Rhizophora spp. and c) Bruguiera spp. are common 
mangrove forests in this area. The distance separating type a) from the sea is shortest, followed by b) and c). According to the measurement of the 
water level, the maximum water level of type a) is about 90 cm above the land surface and that of type b) is 70 cm during the spring tide (Fig. 1). 

Fig. 1. Water level of forest type a) mixture of Avicennia spp. and Sonneratia spp. and forest type b) Rhizophora spp., measured from 

November 11 to 20,1996. (24KB) 

Type a) is under water 16 hours a day during the spring tide and 10 hours a day during neap tide, type b) 11 hours and 8 hours, while even during 
the spring tide, type c) is slightly above the water level most of the time. The difference in the type of vegetation is considered to be resulted from 
the water level. 

Total weight of litter fall in types b) and c) is very similar (Fig. 2), while that of type a) is half that of b) and c). Despite the difference in total 
weight, the rate of leaf weight is similar in all the forest types. The leaves account for 56-58% of the total weight, which implies that leaves are the 
major components of litter fall in all the forest types, followed by branches. 

Fig. 2. Litter fall o f three different forest types from January 1996 to January 1997. (25KB) 

The mangrove tree is unique not only by its shape but also by the movement of the fallen leaves. In lowland and hill forests which occur in 
Peninsular Malaysia, most of the fallen leaves are decomposed on the forest floor. On the other hand, in a mangrove forest, many fallen leaves are 
flown to the sea by water during both spring and neap tides in type a). In type b), the fallen leaves are flown by water during the spring tide 
although most of the leaves remain during the neap tide. Most of the leaves remain during both spring and neap tides in type c). The movement of 
the leaves determines the fertility of the soil and food chain of the mangrove ecosystem. 

Although the flora of mangrove forests is relatively simple compared to that of the other forest types in Malaysia, it prevents the land from sinking 
in water and protects the sea from pollution with trash. Unfortunately, mangroves are disappearing rapidly due to the development of fish or prawn 
ponds and other human activities. Matang can be an outstanding example of sustainable forest management. 
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Development of frozen surimi from freshwater fish In China 


Development of SURIMI Made from Freshwater Fish Meat 
in China 


Yutaka Fukuda 

It is no exaggeration to say that a new source of animal protein appeared in the latter half of the 20th century, namely freshwater fisheries 
resources produced mainly by aquaculture technology in inland water regions of China. The freshwater fisheries catches have increased 
rapidly after the economic reform movement, and reached 10,780,000 tons in 1995. This amount corresponds to about 10% of the world total 
catches and about 43% of the Chinese total catches. Freshwater fisheries play a significant role in the diversification of the food production 
structure in the world. Therefore, the developing countries which face a lack of animal protein are being encouraged by this success in China. 

On the other hand, regardless of the rapid increase of the catches of freshwater fisheries resources, the infrastructure relating to the 
distribution, storage and processing is not well developed in China. Since most of the freshwater fishes are transported as live fishes without 
any treatments, their distribution sphere and storage period are very limited. Recently, postharvest loss of freshwater fishes has become 
significant. If this problem is not addressed, the plan for increasing the production of food resources in China might be jeopardized. 

To improve the postharvest problems, JIRCAS launched a collaborative research project entitled "Development of Technology for Utilization 
of Freshwater Fisheries Resources" with the Shanghai Fishery University in 1996. We are promoting the development of processing 
technology for frozen "surimi" from freshwater fish meat. Surimi is originally a Japanese term and an intermediate foodstuff with high 
potential for long frozen shelf-life and for the production of a variety of texturized products such as crab analog. Surimi is generally 
manufactured by applying a simple technology through the washing of the minced meat by water, dehydration, and mixing with 
cryoprotectants. 

We carried out studies on the gel-forming ability of the surimis made from Silver carp, Bighead carp and Grass carp, which are the main 
freshwater fish species in China, compared with Alaska pollack surimi, a typical commercial marine fish surimi which accounts for more 
than 60% of the production in the world. 

The three-dimensional configuration of the gel strength which depended on the heating temperature and time was classified into two types 
(Fig. 1). That is, the surimi of Silver carp and Bighead carp showed the shape of a U character as in the case of Alaska pollack, while that of 
Grass carp showed the shape of a plateau. 

Fig. 1. Gel-forming properties of surimis of freshwater fishes in China and Alaska pollack depending on the heating temperature and 
time. (26KB) 

The surimis of Silver carp and Bighead carp form a gel by heating at low temperature (around 30°C) and high temperature (around 85 oC), 
though the gel tends to collapse by heating at an intermediate temperature (around 60 oC). The formation of a gel of fish surimi by heating at 
a low temperature is called "setting". The strength of setting gels of both surimis was further enhanced by subsequent heating at 85 oC for 30 
min (two-step heating), though being slightly inferior to that of Alaska pollack. Consequently, it was demonstrated that Silver carp and 
Bighead carp surimis display a high gel-forming ability, though it is necessary to select a narrow range of heating temperatures. 

Next, Grass carp surimi displays a wide range of optimum heating temperatures and time zones, though it does not show the setting 
phenomenon and the enhancing efficiency by two-step heating. Consequently, it was concluded that Grass carp surimi which forms a gel in a 
wide range of heating temperatures, is more advantageous although the gel-forming ability is lower than that of the former two. 

We were able to determine that the main freshwater fish species of China can be utilized as raw materials of surimi. 
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Fig. 1. Gel-forming properties of surimis of freshwater fishes in China and Alaska pollack 
depending on the heating temperature and time. 
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Introduction of small machinery into upland cropping system in Northeast Thailand 


Introduction of Small Machinery into Upland Cropping Systems in 
Northeast Thailand 


Photos: (121KB) 

a) : Seeding o f corn with rotary drill seeder 

b) : Cutting of green manure with flail mower 

c) : Weeding with soil manipulator 

d) : Herbicide application with shoulder broadcaster 

Improvement of field operations is indispensable for the development of sustainable agriculture since crop production largely depends on 
human labor. Therefore, it is necessary to reduce heavy work and to develop efficient production systems to increase the income of farmers. 

Recently, within the framework of the collaborative research project entitled: "Comprehensive Studies on Sustainable Agricultural Systems 
in Northeast Thailand", JIRCAS has introduced several agricultural machines consisting of a tractor and attachments, and some small items 
of equipment to facilitate field operations. The tractor (25ps) was purchased in Thailand and four attachments, i.e., rotary tiller, drill seeder, 
flail mower and boom sprayer were sent from Japan. Soil manipulator or small hand tractor and shoulder broadcaster for crop tending 
between rows of crops were also introduced. 

For the setting-up of machinery and guidance for operation, an expert in agricultural machinery Mr. Haruo Tamura, Head of Field 
Management Section, Crop Production and Postharvest Technology Division, JIRCAS was dispatched to Thailand. To complete the 
technology transfer, a demonstration entitled "Use of small machinery in farming" was held on June 17, 1998 at Khao Suan Kwang 
Demonstration Farm, International Training Center for Agricultural Development (ITCAD) to illustrate the use of this machinery for field 
operations. Some 60 people from agricultural administration, extension offices, research institutes and Khon Kaen University participated in 
the demonstration and exchanged views on farm mechanization. Highlights of the demonstration are as follows. 

Land preparation with rotary tiller drew a great deal of attention. Although mechanized disk plough is commonly used for tillage to plant 
cassava or sugarcane, soil is not fine enough for seed bed preparation for legumes, vegetables or com. It was shown that the use of a rotary 
tiller enabled to improve labor by fine harrowing of the field. Drill seeder, attached to the back of a rotary tiller, can perform the following 
operations: grooving, fertilizer application, seed laying and soil compaction in a single operation. This system is useful to save labor and also 
to secure good germination of crop seeds through elaborate land preparation and constant depth of seeding. Flail mower is used for cutting 
weeds or green manure into small fragments. Many questions were raised on the suitability of the machinery for green manure application or 
mulching since management of organic matter is laborious under tropical conditions. Boom sprayer is used for the application of pesticides or 
herbicides by tractor drive. Application is uniform and accurate with the use of a boom which extends horizontally over a distance of 5 m. 

Soil manipulator for weeding and ridging and shoulder broadcaster for the application of granular pesticides and fertilizer are used for crop 
tending. Small and light body is suitable for transportation to the field and for the operation without requiring much experience. Price and 
means of introduction were the main interest of the participants in terms of availability of the machinery. 

Although the purpose of machinery introduction in this project was mainly for the convenience and promotion of field research, the 
demonstration may have attracted the attention of the participants to the possibility of developing agricultural mechanization in Northeast 
Thailand. However, prior to the introduction of such machines, it is necessary to conduct a detailed economic analysis on the advantages of 
agricultural mechanization along with studies on soil erodibility in this region and on the design of machines most adapted to the conditions 
prevailing in Northeast Thailand. 


(Nobuyuki Kabaki) 
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Opening ceremony of JIRCAS Beijing Office was held 


Opening Ceremony of JIRCAS Beijing Office 


On June 10, 1998, Japan International Research Center for Agricultural Sciences (JIRCAS) held the official opening ceremony of the 
JIRCAS Beijing Office. Actually, in November 1997, JIRCAS had opened the office in a room of Beijing Friendship Hotel near the Chinese 
Academy of Agricultural Sciences (CAAS) after consultation with the bureau concerned of the People's Republic of China (P. R. C.). 

Photo 1: Dr. N. Maeno, DG of JIRCAS, giving his address at the opening ceremony of 

the JIRCAS Beijing Office (25KB) 

From Japan, 15 persons including Mr. Sakue Matsumoto, Chairman, Agriculture, Forestry and Fisheries Research Council (AFFRC), 

Ministry of Agriculture, Forestry, and Fisheries (MAFF), Mr. Toshiaki Namba, Director, International Research Division, AFFRC, Dr. 
Nobuyoshi Maeno, Director General, JIRCAS, and the members of the Embassy of Japan at Beijing, attended the ceremony. 

From P. R. C., 31 persons were on hand to celebrate the occasion. Main guests were Mr. Lu Ming, Vice Minister, Ministry of Agriculture, 

Mr. Gan Zuofu, Minister-Counselor, the Embassy of P. R. C. at Tokyo (former Deputy Director General, Department of International 
Cooperation, Ministry of Agriculture), Mr. Du Ying, Director, Department of Policy, Reform & Law, Mr. Wang Youtian, Assistant 
Counselor, Department of Science and Technology, Ms. Chen Fengrong, Deputy Director, Department of Agricultural Resources 
Management and Regional Planning, Ms. Ye Zhen Qin, Deputy Director General, Department of Agriculture, Mr. Liu Guangming, Research 
Center for Rural Economy, Professor Lu Fei Jie, President, CAAS, the staffs of the Institutes of CAAS, the members of Jilin Academy of 
Agricultural Sciences, the members of institutes affiliated to the Chinese Academy of Sciences, and Mr. Wang Wenzhe, President, China 
National Food Industry Association. Representatives of the Chinese press such as the Hsinhua News Agency, Renmin Ribao (the People's 
Daily News) and the Farmers' Daily News were also invited. 

The ceremony started with opening remarks by Mr. Matsumoto followed by addresses by Vice Minister Lu, and then by Dr. Maeno. Dr. 
Maeno emphasized, in his address, that JIRCAS planned to collaborate actively in solving "problems in agricultural fields" which are a major 
issue in P. R. C. Dr. Maeno mentioned that such an objective could be achieved based on the results obtained during the studies carried out 
formerly by the Tropical Agriculture Research Center (the predecessor of JIRCAS) or JIRCAS in collaboration with various research 
institutes of P. R. C., including the development of rice varieties with cold or disease tolerance, and of high-yielding varieties through the 
utilization of genetic resources at Yunnan Academy of Agricultural Sciences, as well as the first comprehensive research project with P. R.C. 
(from 1997 to 2003) on the "Development of Sustainable Production and Utilization of Major Food Resources in China" by integrating the 
existing collaborative research projects. 

Returning the compliment, CAAS President Professor Lu delivered a congratulatory address in which he stated that he expects that the new 
Japan-China comprehensive research project will be successful and contribute to further development of Japan-China collaboration in 
research in the field of agriculture. 

The new comprehensive research project is composed of wide-ranging research fields from social sciences to natural sciences, involving 10 
research institutes of P. R. C., 8 research institutes of MAFF including JIRCAS, and several prefectural research institutes. Exchange of 
information and researchers between P. R. C. and Japan along with the opening of the Beijing office should contribute to further promoting 
the Japan-China research collaboration. 

Photo 2: Japanese delegates for the opening ceremony standing in front o f the JIRCAS office in the Friendship Hotel, Beijing (From 

right to left): Dr. Maeno, Mr. Matsumoto, Mr. Sakamoto, Mr. Kawahara, Mr. Namba, Dr. Ikegami (32KB) 

(Yoshihiko Nawa) 
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Photo 1: Dr. N. Maeno, DG ofJIRCAS, giving his address at the opening 
ceremony of the JIRCAS Beijing Office 
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The international symposium on "Plant Signaling" was held at JIRCAS, Tsukuba 


International Symposium on "Plant Signaling" 


The International Symposium on "Plant Signaling: Molecular Responses to Environmental Stimuli and Stress" organized by Japan International 
Research Center for Agricultural Sciences (JIRCAS), in conjunction with the RIKEN Institute and BRAIN (Basic Research Activities for 
Innovative Biosciences) was held at JIRCAS, Tsukuba, on August 12, 1998. This symposium was organized to gather scientists who are focusing 
their research on plant signal transduction and responses to the biotic and abiotic environmental stresses and exchange information and ideas for 
the future. 

Photo: Discussions at the International Symposium on "Plant Signaling" (23KB) 

In recent years, food supply and environmental deterioration problems on a global scale have become increasingly critical, especially in the 
developing regions. Biotechnology could be a useful method to increase food production through the development of crops with improved 
tolerance to biotic and abiotic environmental stresses. To develop stress-tolerant crops, basic research on plant molecular biology is important. 
Recently, considerable progress has been made in understanding how plants sense and respond to various stimuli in their environment. 

Molecular and genetic approaches have led to considerable progress in elucidating how environmental stimuli and stress elicit the production of 
second messengers, how plant cells perceive the messengers, as well as in the induction of specific responses and the physiological consequences. 
The most active scientists in the area of research on molecular responses to environmental stimuli and stress were invited to present papers at the 
symposium. From 10 countries, 191 scientists participated in the symposium. Dr. Nobuyoshi Maeno, Director General of JIRCAS and Dr. Keiji 
Kainuma, Vice President of BRAIN gave the welcome address. A keynote lecture was delivered by Prof. Nam-Hai Chua, Rockefeller University, 
USA and 10 foreign scientists from USA, France, Germany, England, Austria and 4 Japanese scientists presented papers during the three sessions 
as follows: Ethylene signaling and biotic stress response, ABA signaling and water stress response and Short talks. The symposium was successful 
and valuable information was exchanged throughout the discussions. 
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Photo: Discussions at the International Symposium on "Plant Signaling" 
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Takasuke ISHITANI, an agricultural chemist, became Director of JIRCAS’s Research Planning and Coordination Division on October 
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Takasuke ISHITANI, an agricultural chemist and expert in postharvest technology, became 

Director of JIRCAS's Research Planning and Coordination Division on September 1, 1998, 
succeeding Dr. Takahiro INOUE who was appointed Deputy Director General, Tohoku National 
Agricultural Experiment Station (TNAES). Before joining JIRCAS, Dr. Ishitani was Head of the 
Department of Research Planning and Coordination at TNAES. He has gained an extensive 
experience in the field international collaboration in agriculture and fisheries, as a lecturer for 
various training courses on postharvest technology in China, Peru, India and ASEAN countries and 
as a guest speaker at international meetings. 


i 

( 

Mitsugu SHIMIZU, veterinarian (animal virology), succeeded Dr. Eitaro IMAIZUMI as Director of 
JIRCAS's Animal Production and Grassland Division on September 1. He carried out research at the 
National Institute of Animal Health (NIAH) (1968-1995). During his assignment at NIAH, Dr. 

Shimizu was posted as a visiting scientist at USDA, Plum Island, USA for two years (1973-1975) 
and was involved in the JICA's animal health projects in Mexico (1981-1982, 1985-1986 and 1992). 
Before joining JIRCAS, he was Head of the Planning Section, Department of Planning and 
Coordination, NIAH. 
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Photo 2: Japanese delegates for the opening ceremony standing in front of the JIRCAS office 
in the Friendship Hotel, Beijing 

(From right to left): Dr. Maeno, Mr. Matsumoto, Mr. Sakamoto, Mr. Kawahara, Mr. Namba, 
Dr. Ikegami 
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Fig. 2. Litter fall of three different forest types from January 1996 to January 
1997. 
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Photo 2: Screening test of sorghum at ICRISAT campus 
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Improving Heat-tolerance of Crops 


Improving Heat Tolerance of Crops 


Masaharu Yajima 

Associate Director for Research, Okinawa Subtropical Station, JIRCAS 

The Okinawa Subtropical Station of Japan International Research Center for Agricultural Sciences (JIRCAS Okinawa) is located in Japan's 
southernmost city, Ishigaki. By taking advantage of the subtropical climate, research is being carried out to develop techniques which will 
contribute to the promotion of agriculture in the tropical and subtropical areas. 

Heat tolerance is one of the major themes taken up at the Station to promote and increase crop production in those areas. For example, 
vegetables are mainly cultivated during winter and spring in Okinawa and it is very difficult to grow temperate vegetables during the summer 
season. 

Therefore, attempts were made to overcome this shortcoming at the Station through the evaluation of the germplasm collected from Southeast 
Asian countries and foreign research institutions including CIAT, USDA, etc. By screening the germplasm for heat tolerance, a heat-tolerant 
snap bean variety "Haibushi" was eventually developed (Haibushi means "southern star" in Okinawa dialect). We anticipate that "Southern 
Star, Haibushi" will pave the way for the development of crop varieties with higher heat tolerance by conducting further research on the 
mode of inheritance of heat tolerance and physiological mechanisms. 

Therefore, the five-year research project entitled: "Inheritance and Physiological Mechanism of Crop Heat Tolerance and Development of 
Heat-tolerant Crops" has been initiated in collaboration with research teams from several universities since the end of September, 1998. This 
project is financed by Bio-oriented Technology Research Advancement Institution (BRAIN). Dr. Yoshinobu Egawa, Head of Crop 
Introduction and Cultivation Laboratory, JIRCAS-Okinawa is assuming the leadership of the project. This project consists of four research 
teams with the following themes and research contents. 

(1) Genetic and physiological mechanisms of crop heat tolerance during the reproductive 
process(JIRCAS-Okinawa) 

By comparing the heat-tolerant genotype of a crop with heat-sensitive genotypes, the following aspects will be studied: 1) the stage at which 
plants are most sensitive to high temperature during the reproductive process, 2) the organs or tissues which are damaged by high 
temperature, 3) growth response of heat-tolerant genotypes under high temperature conditions, 4) QTL mapping and genetic regulation of 
heat tolerance of crops. 

Under heat stress conditions, small-heat-shock-proteins (sHSP) are sometimes observed in plant. Role of sHSP and their function under heat 
stress are also studied by this team. 

(2) Improvement of heat tolerance by functional modification of mitochondria (Ryukyu University) 

Active oxygen sometimes injures organic substances inside the cell. Injury is mainly generated at the level of mitochondria and its generation 
is accelerated under high temperature conditions through the process of respiratory electron transport chain in mitochondria. In this research, 
the physiological and genetic role of mitochondria will be specified with reference to heat tolerance of crop at the mitochondria-DNA level 
and attempts will be made to develop heat-tolerant crops by functional modification of mitochondria. 

(3) Gene transfer for heat tolerance and functional analysis of its recombinant (Nagoya University) 

Under stress conditions such as cold or salinity, some of the tolerant plants show an accumulation of glycine betaine inside the cells. It is 
considered that this accumulation is related to some protection mechanisms from environmental stresses. Transgenic rice plants which harbor 
the pathway of glycine betaine synthesis are expected to be heat-tolerant due to a similar mechanism. This team will examine the transgenic 
plants to clarify further mechanisms of plant response to heat. 

Since it is assumed that crop productivity decreases under high light intensity, gene expression of heat tolerance will also be examined by 
transferring related genes for controlling photo-respiration and elimination of active oxygen. Through collaboration with other teams, heat 
tolerance-related genes will be transferred into tomato and other plants. 

(4) Functional characterization of acetylcholine-esterase for heat tolerance of plants (Tokyo University 
of Agriculture) 

Acetylcholine (Ach) is a well-studied chemical transmitter in the synaptic junction for the opening of cation-selective channels in nerve 
synapses of animals. In plants, it is known that Ach is induced by environmental stimuli, such as heat stress, salinity stress and gravity, 
affecting calcium ion concentration and safranin transport. Especially, heat stress induces an elevation of calcium ion concentration and 
activity of acetylcholine-esterase (AchE) in plant cells. Further research on the function of Ach and AchE will be studied and transgenic 
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Improving Heat-tolerance of Crops 

plants will be produced by isolating the AchE gene to develop heat-tolerant plans. 

Through this research project, we hope to elucidate physiological aspects of "Heat Tolerance of Crops" and to contribute to crop breeding in 
order to develop heat-tolerant crops. 

Fig. 1. Outline of the Project on "Improving Heat Tolerance of Crops" at the Okinawa Subtropical Station. (42KB) 
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Opening ceremony of JIRCAS Beijing Office was held 


5th JIRCAS International Symposium on Postharvest Technology in Asia 
Was Held in Tsukuba 


The 5th JIRCAS International Symposium on "Postharvest Technology in AsiaA step forward to stable supply of food products" orga nized 
by Japan International Research Center for Agricultural Sciences (JIRCAS) in cooperation with the National Food Research Institute (NFRI), 
National Agriculture Research Center (NARC), Food Forum Tsukuba and Nestle Science Promotion Committee was held in Tsukuba during 
the period 9-10 September, 1998. 

Photo 1: Speakers with other participants (from right to left, the sixth person in the front line: Mr. Sakue Matsumoto, the fifth person in 

the next line: Dr. Keiji Kainuma, the fourth person in the same line: Dr. Nobuy oshi Maeno) (27KB) 

Although the development of technology for increasing crop production, remains essential, "postharvest technology" was selected as theme 
for the symposium by JIRCAS for the first time, since the development of postharvest technology is becoming increasingly important. 

Indeed in Asia, it is anticipated that, in the near future, the food supply problems will become more complex as patterns of food consumption 
have improved in the region along with the increase of income and social development. Postharvest technology should be more emphasized 
to prevent crop losses and for utilizing agricultural products efficiently to meet the changes in the food demand, especially the demand for 
processed foods. Food industry is closely related to crop production in the region but due to the lack of proper technology, sound progress of 
the food industry can not be fully achieved. In this Symposium, the development of the food industry in Asia was reviewed and the basic 
technical problems involved in future progress were outlined. 

From 21 countries including African countries, nearly 230 scientists and administrators, (59 from abroad) gathered and exchanged views on 
the main priorities and constraints of postharvest technology in Asia, and on the current situation and future orientation of technology for 
grain storage/preservation and food industries in Asia. 

Mr. Sakue Matsumoto, Chairman, Agriculture, Forestry and Fisheries Research Council gave the welcome address. A keynote speech was 
delivered by Dr. Keiji Kainuma (former Director General of JIRCAS), Vice President, Bio-oriented Technology Research Advancement 
Institute (BRAIN), Japan, and 18 papers were presented during the three sessions. 

JIRCAS is implementing collaborative projects in Asian countries and "postharvest technology" should receive more attention in future 
research collaboration. Development of "postharvest technology" could contribute to securing a stable supply of food products in addition to 
the increase of agricultural income and improvement of the diet in the developing regions of Asia. 

The Proceedings of the Symposium will be published by JIRCAS. 


(Yoshihiko Nawa) 
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Leaves of 2-year-old longan and mango seedlings were exposed to high irradiance (2000y4molem-2esec-1) provided by metal hand 


Photosynthesis in Longan and Mango as Influenced by High Temperatures 
under High Irradiance 


H. Fukamachi *, M. Yamada**, S. Komori * and T. Hidaka* 

*Okinawa Subtropical Station, JIRCAS 
**Persimmon and Grape Research Station, National Institute of Fruit Tree Science 

The combination of high temperature and irradiance is a common characteristic in the tropical and subtropical regions. Fruit species 
originating in those regions may be adapted to these climatic conditions, but the differences in adaptability to these conditions are not 
well-known. The objectives of our studies were 1) to compare gas exchange characteristics of longan and mango leaves upon exposure to 
high temperature and irradiance and 2) to examine the mechanisms contributing to the variation in the response of the net photosynthetic rate 
to high temperature and irradiance. 

Leaves of 2-year-old longan and mango seedlings were exposed to high irradiance (2000 1 /4molem“ 2 esec" 1 ) provided by metal halide lamps at 
70+5% RH. Temperature was raised by increments of 3° c ever Y 1 -5 h, from 30 to 36 oC. Net assimilation rates decreased for both species as 
temperature increased, but the decline was greater in longans than in mangoes (Table 1). As temperature increased, stomatal conductance 
decreased and intercellular C0 2 concentration increased for both species, especially longans. A significant positive correlation was found in 
longan between stomatal conductance and net assimilation rate at 30 and 33oC, but not at 36oC. In mangoes, the correlation coefficient was 
significant at all 3 temperatures. Intercellular C0 2 concentration and net assimilation rate were not closely related at 30 and 33oC, but showed 
a strong negative correlation at 36oC in both species. These results indicate that the decline in net assimilation rate was caused by 
non-stomatal limitations at high temperatures. In further experiments, the extent of decline in the chlorophyll fluorescence ratio (variable (Fv) 
to maximum fluorescence (Fm)) caused by high temperature treatment (up to 45oC) was greater in longans than in mangoes (Table 2), 
suggesting that mango leaves are more tolerant of high temperatures than are longan leaves. 


Table 1. Gas exchange characteristics in 
temperature 

ongan and mango leaves exposed to lOOOf^molem^es" 1 of irradiance with stepwise increase of 

Species 

A QA molenrAs' 1 ) 

gs (molenr 2 es _i ) 

30° c 

33 oC 

36 oC 

30 oC 

33° c 

36° c 

Longan (L) 

6.72+0.34 2 

4.18+0.43 

1.30±0.30 

0.204+0.019 

0.157+0.018 

0.127+0.008 


(100) Y 

(62) 

(19) 

(100) 

(77) 

(62) 

Mango (M) 

9.64+0.33 

7.71+0.50 

5.87+0.51 

0.241+0.016 

0.203+0.015 

0.180+0.013 


(100) 

(80) 

(60) 

(100) 

(84) 

(75) 

Ratio (L/M) 

0.7 

0.54 

0.22 

0.85 

0.77 

0.71 


Species 

Ci (ppm) 

E (mmolem^es -1 ) 


30° c 

33 oC 

36 oC 

30 oC 

33° c 

36° c 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1998/no.17/04fukamachi.htm (1 of 2) [10/7/2002 8:54:09 PM] 






















Leaves of 2-year-old longan and mango seedlings were exposed to high irradiance (2000y4molem-2esec-1) provided by metal halid 


Longan (L) 

262+3 

278+3 

308±4 

5.68+0.31 

5.37+0.37 

5.83+0.32 


(100) Y 

(106) 

(118) 

(100) 

(95) 

(103) 

Mango (M) 

246+2 

254+2 

265±4 

6.33±0.24 

6.44+0.29 

7.16+0.32 


(100) 

(103) 

(108) 

(100) 

(102) 

(113) 

Ratio (L/M) 

1.07 

1.09 

1.16 

0.9 

0.83 

0.81 


Z Mean+SE (n=26) 

Y Numbers in parenthesis indicate percentage to the value at 30oC 


Table 2. Chlorophyll fluorescence ratio (Fv/Fm) in leaves of longan and mango exposed to high temperature 


Species 

Duration 

250C (Control) 

40°C 

42.5 oC 

45°C 

Longan 

20 min. 

0.827+0.004 2 

0.808±0.013 

0.797±0.007 

0.592+0.030 



(100%) Y 

(98%) 

(96%) 

(64%) 


40 min. 

0.820±0.005 

0.810±0.005 

0.599±0.028 

0.481±0.029 



(100%) 

(99%) 

(73%) 

(59%) 

Mango 

20 min. 

0.819±0.007 

0.823±0.009 

0.808±0.009 

0.743+0.011 



(100%) 

(100%) 

(99%) 

(91%) 


40 min. 

0.827±0.005 

0.807+0.013 

0.756+0.017 

0.642+0.007 



(100%) 

(98%) 

(91%) 

(78%) 


Z Mean+SE (n=4) 

Y The percentage to the value at 25oC 
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Health benefits of edible Thai plants 


Antioxidant and Antimutagenic Properties of Some Edible Thai Plants 


Kazuhiko Nakahara* and Gassinee Trakoontivakorn** 

*Crop Production and Postharvest Technology Division, JIRCAS 
**Institute of Food Research and Product Development, Kasetsart University, Bangkok, Thailand 

Several hundreds of native plant species are used for daily diet in Thailand as vegetables, fruits, spices and condiments. Many of them are 
also employed for traditional medicine. Edible plants in Thailand are rich in phytochemicals such as vitamins, terpenoids, flavonoids, 
alkaloids, organosulfur compounds, pigments and other phenolics. Since such phytochemicals exhibit various biological activities, it has been 
suggested that edible plants in Thailand may play a role in the prevention of human chronic diseases as well as cancer. In this regard, the 
"functionality" of such edible plants is being emphasized. However, since this aspect has been investigated in only a few Thai plants, under 
the JIRCAS Visiting Research Fellowship Program at Tsukuba, a total of 47 species (48 samples) of edible plants from Thailand were 
collected and their methanolic extracts were analyzed in relation to two important functions, antioxidant activity and antimutagenicity. The 
results are summarized as follows. 

1. Antioxidant activity 

Molecular oxygen is easily converted to reactive free radicals called "oxygen free radicals" (ORF) in vivo. ORFs are formed by the transfer of 
one electron to the oxygen molecule during various physiological processes such as respiration chain, oxygenase reactions and cellular 
immunization reaction. ORFs damage the cell membrane, cytosolic molecules and genes, and they are associated with the incidence of 
various chronic diseases, i.e. heart diseases, thrombosis, hypertension and cancer. It has been suggested that the ingestion of dietary 
antioxidants that suppress the ORF production or scavenge ORFs may prevent harmful effect of ORFs. Some phytochemicals, i.e. flavonoids, 
pigments and antioxidative vitamins, are known to be potent antioxidants. We determined the antioxidant activity of methanolic extracts from 
edible Thai plants by the (3-carotene bleaching method. The data obtained are summarized in Fig. 1. We found that more than 70% of Thai 
plant species showed a very high (+++) and high (++) antioxidant activity, while only one-third of common edible plants in Japan exhibited a 
high activity. Especially, three plant species (4 samples) showed a significantly potent activity. "Pak kra doon" (Photo 1; Carey a sphaerica 
Roxb.), a leafy vegetable, exhibited the highest activity (121.0 mg BHA equivalent /g dry weight). The leaf of "Pak sa meg" ( Syzygium 
gratum Wall.), and the fruit and the leaf of "Kra thin" (Acacia farnesiana Willd.) also showed a high activity (40.2, 38.8 and 44.7 mg BHA 
equivalent /g, respectively). 

Fig. 1. Antioxidant activity (upper) and antimutagenicity (lower) o f edible plants in Thailand and Japan. (22KB) 

2. Antimutagenicity 

Heterocyclic amines and polyaromatic hydrocarbons are considered to be the major cause of cancer due to their potent carcinogenicity. They 
are formed during the daily cooking process and commonly occur in food. Burnt grilled fish or smoked foods contain a mutagenic 
heterocyclic amine, 3-amino-l,4-dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1). Trp-P-1 acquires genotoxicity after being converted to 
N-hydroxy Trp-P-1 by hepatic enzyme cytochrome P450 monooxygenases (P450). N-hydroxy Trp-P-1 is easily transformed to its radical, 
which reacts with DNA to induce frame-shift mutation. In the present study, we examined the suppressive activity of Thai vegetables towards 
the mutagenicity of Trp-P-1 with Salmonella typhimurium TA98 in the presence of S9 mix. S. typhimurium TA98 is a mutant of Salmonella 
bacteria that requires histidine to grow (his~), owing to mutation in a gene for histidine biosynthesis, and S9 mix is a mutagen-activating 
metabolic enzyme system from rat liver homogenate containing P450. The activated mutagen induces reverse mutation, and resulting 
wild-type revertants (his + ) can grow in the histidine-deficient medium. If a plant extract inhibits the reverse mutation, the number of 
wild-type revertants must decrease. By this method, we observed that several plant extracts have a potent inhibitory effect on the 
mutagenicity of Trp-P-1 (Fig. 1). The methanolic extracts from 1.25 mg of freeze-dried "Pak pai" (Photo 2; fragrant knotweed; Polygonum 
odoratum Four.), that is a common condiment in Thailand and Vietnam, suppressed 96% of the mutagenicity of 50 ng Trp-P-1, followed by 
"Pak chee" (coriander; Coriandrum sativum-, 94%), "Hoom yae" (Trachyspermum roxburghianum Craib; 92%) and "Pegah" (Indian trumpet 
flower; Oroxylum indicum Vent.; 90%). 
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The antioxidant activity (AA) was 
classified into four ranks by the inhibitory 
activity: +++, very high (> 20 mg BHA 
equivalent /g); ++, high (20 - 3.6 mg 
BHA eq./g); +, low (3.6 - 0.75 mg BHA 
eq./g); negative (< 0.75 mg BHA eq./g). 
The antimutagenicity; +++, very high (> 
80%); ++, high (80 - 60%); +, low (60 - 
40%); negative (<40%). 


Fig. 1. Antioxidant activity (upper) and antimutagenicity (lower) of edible 
plants in Thailand and Japan. 
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Collaborative Research on Interspecific Hybrids 


Collaborative Research on Interspecific Hybrids of Rice at WARD A 



Rapid demographic expansion and urbanization in Africa led to changes in food preference toward rice and bread which can be more easily 
prepared than traditional food- stuffs. These patterns are especially evident in West Africa where the substitution of rice for coarse grains and 
traditional root and tuber crops has fueled growth in demand at an annual rate of 5.6% between 1961 and 1992. 

The demand for rice in sub-Saharan Africa is growing faster than for any other major food staple, with consumption increasing across all the 
socioeconomic classes. Rice is no longer a luxury food and the poorest urban households in West Africa derive larger shares of their 
cereal-based calories from rice than do higher income households, and rice purchases account for a greater part of their total cash 
expenditure. Rice availability and rice prices impact directly on the welfare of the poorest West African consumers who experience the 
lowest rate of food security. 

The increase of rice production in Africa is hampered by a number of constraints, including diseases and pests, weed infestation, inadequate 
water management, soils with a low fertility, and lack of suitable varieties. In sub-Saharan Africa, farmers cultivate two species of rice, 
African rice ( Oryza glaberrima) and Asian rice ( Oryza sativa). Although O. sativa is preferred by African farmers due to its higher yield 
potential, O. glaberrima, the indigenous domesticated species, has several advantages over O. sativa, such as high weed competitiveness, 
resistance to drought, soil acidity, rice yellow mottle vims, African rice gall midge. Most of the improved varieties currently available to 
farmers have been developed from Asian O. sativa germplasm recently introduced that has yet acquired little resistance to the stresses 
prevailing under the environmental conditions of West Africa. 

Following the initial breakthrough at WARDA in producing fertile progenies of interspecific hybrids, an Africa/Asia joint research project on 
interspecific hybridization of rice was initiated in January 1997, under the aegis of the Japan/United States Common Agenda for Cooperation. 
Funding and technical assistance were provided by the Government of Japan, the United Nations Development Program (UNDP), and the 
Rockefeller Foundation. The main objective of the project is to improve the welfare of rice producers and consumers by developing rice 
varieties adapted to low input-management through interspecific hybridization, that are well suited to resource-poor farmers in West Africa. 

The new interspecific progenies include a significant percentage of intermediate types combining the seedling vigor, high tillering and weed 
suppression traits of O. glaberrima with the panicle and grain type characteristics of O. sativa and are considered to be promising as new 
breeding materials. Further efforts for combining a high-yielding ability and stress tolerance are now being emphasized at WARDA. 

Within the framework of the WARDA's mid-term strategies, JIRCAS initiated a collaborative research project at WARDA from April this 
year to implement the hybridization project by sending senior researchers to WARDA to take up the following research topics: 

1) Genetic and eco-physiological characterization of indigenous rice varieties and interspecific progenies, with emphasis placed on tolerance 
to drought and acid soil conditions. 

2) Studies on socio-economic aspects in relation to the sustainability of lowland rice cultivation in West Africa. 

Photos: (82KB) 

Photo 1: Rice fields in Cote d’Ivoire (left: irrigated field, right: rainfed upland field) 

Photo 2: Field for breeding of interspecific hybrids at WARDA 
Photo 3: A farmer and his family growing a WARDA breeding line along with maize and cassava 
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Photo 1: Rice fields in Cote d’Ivoire (left: irrigated field, right: 
rainfed upland field) 



Photo 2: Field for breeding of interspecific hybrids at 
WARDA 




Fig. 1. WARDA and its member countries 


Photo 3: A farmer and his family growing a WARDA 
breeding line along with maize and cassava 
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International Workshop on " Cryopreservation of Tropical Plant 
Germplasm" 


The intensive exploration and collection activities in recent years have resulted in the rapid increase of plant germplasm collections 
throughout the world. The development of safe and cost-effective techniques for the long-term conservation of the collections, especially 
recalcitrant seed- and vegetatively propagated species is considered as a priority research area. 

For long-term conservation of the problem species, cryopreservation is the only method currently available. Dramatic progress has been made 
in recent years in the development of new cryopreservation techniques, and cryopreservation protocols have been established for over 100 
different plant species. However, cryopreservation of tropical and sub-tropical species has been less extensively investigated than that of 
temperate species. 

Against this background, Japan International Research Center for Agricultural Sciences (JIRCAS) and International Plant Genetic Resources 
Institute (IPGRI) jointly organized the International Workshop on "Cryopreservation of Tropical Plant Germplasm - Current research 
progress and application-" held at JIRCAS, Tsukuba during the period 20-23 October, 1998. 

In an increasing number of National Programmes in the tropics there has been a growing awareness of the importance of cryopreservation 
and research activities in this field have been initiated recently. Thus the workshop was timely in providing a unique opportunity for 
cryopreservation researchers to get together to exchange information and to discuss numerous aspects of cryopreservation of tropical plant 
species. From 29 countries, 93 scientists including scientists from the International Agricultural Research Centers i.e. IPGRI, CIAT, CIP, 
BTA, INIBAP participated in the workshop. Dr. Nobuyoshi Maeno, Director General of JIRCAS gave the welcome address and key note 
addresses by Prof. Akira Sakai (Professor of Emeritus, Hokkaido University) and Dr. Florent Engelmann (IPGRI) were delivered, followed 
by 41 oral presentations and 51 posters. 

Session I dealt with "fundamental aspects of cryopreservation," including ultra-structural studies on cell adaptation to freezing and studies on 
molecular mechanisms of plant freezing tolerance. During Session II, cryopreservation techniques involving cells, pollen, embryos, 
meristems were outlined. During Session III, application of cryopreservation protocols to germplasm conservation was reviewed while during 
Session IV, the "current status of cryopreservation research and future perspectives of its application in natural programs" were considered. 

The workshop was successful with active discussions to assess the current status of research, present application of and existing problems 
with cryopreservation of plant germplasm with a strong focus on tropical species, and to identify priority areas for collaborative research, 
technology development, transfer and application. It was also pointed out that the workshop could be a good start for setting up a network, 
even informal, in the field of germplasm conservation to facilitate international research collaboration. The proceedings of this workshop will 
be published early next year. 


Photo: Participants in the workshop (25KB) 


(Hiroko Takagi) 
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JIRCAS Fellowship Program: Welcoming New Visiting Researchers 


Seventeen Visiting Researchers are participating in the JIRCAS 1998 Visiting Research Fellowship Program to carry out 
collaborative research at Tsukuba and Okinawa. 


Tsukuba: Short-term (5 months at National Institute for Agrobiological Resources) 

Dr. Dea de Lima Vidal 

Univ. of Zaragoza, Brazil 

Economic and breeding evaluation of animal 
genetic resources in developing countries 

Dr. Lawrence Misa Aboagye 

Plant Genetic Resources Center, 

Ghana 

Evaluation of diversity for a starch synthetic 
gene in wheat 

Dr. Irina Olegovna Vvedenskaya 

N. I. Vavilov, All Russian Inst, of 
Plant Industry, Russia 

Molecular basis of protein markers in wild 
relatives of crops 

Dr. Dennis Yeo 

National Inst, of Agrobiological 
Resources, Singapore 

Development of strategy to generate 
male-sterile plants using transcription 

Tsukuba: Long-term (2 years at JIRCAS, Tsukuba) 

Dr. Joseph Gogo Dubouzet 

Former Post Doctoral Fellow at 
Hokkaido National Agric. Exp. 

Station, Philippines 

Molecular analysis of drought stress responses 

Dr. Vipaporn Na Thalang 

Kasetsart Univ., Thailand 

Chemical and biological evaluation of Thai 
Vegetables (Family Leguminosae) 

Ms. Do Thi Thanh Huong 

Cantho Univ., Vietnam 

Physiological studies on reproduction and 
osmoregulation in the giant freshwater prawn, 
Macrobrachium rosenbergii 

Mr. Jianjun Guo 

Research Center for Rural Economy, 
Ministry of Agric., China 

Economic analysis on food consumption of 
Chinese farm households 
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Okinawa: Long-term (1 year at JIRCAS Okinawa Subtropical Station) 

Dr. Bujun Wang 

Inst, of Crop Breeding and Cultivation, 
China 

Methane emission and carbon cycling in rice 
fields as affected by elevated atmospheric CO 2 
concentration and environmental factors 

Dr. Md. Abdul Karim 

Inst, of Postgraduate Studies in Agric., 
Bangladesh 

Interactive effect of thermal and irradiance 
stresses on some physiological and 
biochemical parameters of grain legumes and 
mango 

Dr. Narinder Pal Singh Dhillon 

Punjab Agric. Univ., India 

Genetic variation and relationships in sweet 
potato populations detected with RAPD and 
AFLP markers 

Dr. Liu Jian 

Shandong Teacher's University, China 

Cloning the heat tolerance-related genes from 
tomato reproductive tissues 

Dr. Armando Rubio Calderon 

Institute Nacional Autonomo de 
Investigaciones Agropecuarias Iniap, 
Ecuador 

Evaluation and characterization of oligofructan 
content in yacon germplasm 

Dr. Xinwen Hu 

Chinese Academy of Trop. Agric. Sci., 
China 

Development of microsatellite markers in snap 
beans 

Dr. Charuwan Bangwaek 

Prachinburi Rice Res. Center, Thailand 

Enzymes activities related to sugar 
accumulation in sugarcane 

Dr. M. Arumugam Pillai 

Tamilnadu Agric. Univ., India 

Screening of cDNA library for salt tolerance 
gene in rice 

Ms. Maribel Regia Quintana Sanz 

Inst, of Pastures and Forages Research, 
Cuba 

Evaluation of genomic diversity of 
sugar-related enzyme genes in sugarcane 
genetic resources 


Photo 1: Welcome party atJIRCAS headquarters upon the arrival 
o f the new research fellows (40KB) 

Photo 2: JIRCAS visiting research fellows at Okinawa Subtropical Station (24KB) 


The new application form for the JIRCAS fellowship 
program is now available. 

For the details, please contact: 

International Relation Section, JIRCAS 
FAX: +81-298-38-6337 


Q 
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International Collaborative Studies Undertaken by JIRCAS Fisheries Division 
-Promotion of Sustainable Fisheries Industry Together with Agriculture, Animal Production, and Forestry- 



Director, Fisheries Division 


The Fisheries Division is in charge of research on marine and freshwater fisheries resources 
management, aquaculture, fisheries products processing, which are major themes for international 
collaboration. The researchers of the Division are engaged in the following research fields: 

Dr. Yutaka Fukuda (fisheries products processing), Dr. Shigeo Hayase (squid ecology), Dr. Motoyuki 
Hara (fish genetics), Dr. Marcy N. Wilder (crustacean endocrinology), Dr. Satoshi Suyama (marine fish 
ecology), and Mr. Masashi Sekino (freshwater fish culture). 

Several seminars and workshops on fisheries resources management and aquaculture were held prior to 
the initiation of the international collaborative studies in the field of fisheries sciences to identify 
priorities. The main orientation of effective collaborative studies was eventually defined as follows: 

1) Development and improvement of technology for sustainable fisheries industry 
compatible with environmental protection 

2) Japan's contribution to Asian countries as one of the Asian countries (First step; 
subsequently researchers will be sent to other regions such as South America, Africa, 
etc.) 

3) Promotion of integrated and comprehensive multidisciplinary studies involving 
agriculture, animal production, and forestry fields 

4) Collaboration with the organizations belonging to the Consultative Group on 
International Agricultural Research (CGIAR) such as ICLARM (International Center 
for Living Aquatic Resources Management) and Regional International Organizations 
like the SEAFDEC (Southeast Asian Fisheries Development Center) 

5) Attempts to address urgent issues in the field of aquaculture 

The Fisheries Division has started to implement collaborative research projects in five Asian developing 
countries in order to develop a technology for sustainable production of fish, methods of fish culture 
compatible with the preservation of the environment, and methods for efficient utilization of fisheries 
products. Title, duration, and counterpart organization of these collaborative studies are as follows: 
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1) Development of sustainable aquaculture technology in Southeast Asia 
(1994-1999). Faculty of Fisheries, Kasetsart University, Thailand 

2) Evaluation and improvement of farming systems combining agriculture, animal 
husbandry, and aquaculture in the Mekong Delta (1994-1999). College of 
Agriculture, Cantho University, Vietnam 

3) Production and sustainable utilization of tropical and subtropical brackish water 
ecosystems (1995-2000). Fisheries Research Institute, Forestry Research Institute, 
and Faculty of Science, University of Malaya, Malaysia 

4) Study on the utilization and processing of freshwater fishes in China (1995-2000). 
College of Food, Shanghai Fisheries University, China 

5) Study on the ecology and life history of coastal fishes (1995-2000). Central 
Research Institute for Fisheries, Indonesia 

The 4th collaborative study will be incorporated into a new comprehensive project entitled 
•gDevelopment of sustainable production and utilization of major food resources in China*h 1997. 
Furthermore, a new collaborative study ‘gDevelopment of methods for the diagnosis and prevention of 
penaid viral diseases'll is scheduled to start in Asian countries in 1997. 

The Division also is actively participating in the JIRCAS Visiting Research Fellowship Program at 
Tsukuba, and has invited distinguished researchers from developing countries in the field of prevention 
of fish diseases. The researchers who participate in the Program are expected to be key scientists for 
collaborative studies in the future. 

Although the Division has a small number of researchers, it is supported by nearly 430 scientists 
affiliated to the Fisheries Institutes of the Fisheries Agency, and will also implement joint research 
programs with other Divisions of JIRCAS. 



Island 


1: Prawn culture, Bali 
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Current Research at Okinawa Subtropical Station 


Tadaaki Yamashita 
Director, Okinawa Subtropical Station 

The Okinawa Subtropical Station is the only national research organization that carries out agricultural 
research under subtropical conditions in Japan. The Station is located in Japan*fs southernmost city, 
Ishigaki (2100 Km southwest from Tokyo). By taking advantage of the subtropical environment, 
research is carried out in order to develop techniques which should contribute to the promotion of 
agriculture in the tropical and subtropical areas. Research at the Station covers various fields relating to 
the production of tropical crops, including breeding and cultivation methods, plant nutrition, soil 
management, plant physiology and pathology, biotechnology, etc. At the Station, researchers from 
developing countries are engaged in collaborative studies for optimum utilization of bioresources for 
conservation of the environment and sustainable agricultural production in the tropics. Since the 
establishment of the Station in 1970, significant results have been obtained and emphasis has been placed 
on the enhancement of research activities to develop a new technology aimed at securing food production 
and preserving the tropical environment. 



Explore, Conserve and Utilize Biodiversity 

To alleviate the constraints associated with the expansion of areas with salinity problems, salt-tolerant 
crops are identified using rapid and simple methods. A large variation in salinity tolerance was observed 
among cultivated varieties of rice originating from all over the world. Salinity-tolerant varieties were 
geographically distributed mainly in Bangladesh, Malaysia and West African countries at higher 
frequencies. Isozyme analysis showed that the esterase allele Est-2 is one of the genetic markers of 
salinity tolerance in rice. 

For long term storage of vegetatively propagated plant germplasm, cryopreservation is a useful method. 
Protocols for the stable cryopreservation of germplasm of tropical crops, especially root crops such as 
taro, yams and sweet potato were developed. By successful cryopreservation of shoot meristems of taro 
(Colocasia esculenta (L.) Shott.), on average, 80 percent of the shoot tips could be stored in liquid 
nitrogen after dehydration treatment using vitrification solution. Most of the surviving shoot meristems 
developed shoots and roots normally. 

Palatability of flour-derived food is considered to be influenced by amylose in wheat. For amylose 
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synthesis, waxy protein is responsible and three waxy proteins (Wx-Al, Wx-Bl, Wx-Dl) are present in 
wheat. Analysis of 1,960 accessions of wheat germplasm enabled to detect a Chinese wheat variety 
which lacked the Wx-Dl protein. From a cross between the Chinese wheat variety and a Japanese wheat 
variety which was deficient in both Wx-Al and Wx-Bl proteins, a wheat variety lacking waxy proteins 
was produced. This variety does not contain amylose and may become a novel material for food use. 

Aiming at Sustainable Agricultural Production 

In the global atmosphere, concentration of methane is increasing and methanogenic bacteria are 
biological producers of the gas. Application of rice straw and cellulose has resulted in a considerable 
increase in methane emission from subtropical paddy fields as well as an increase in the populations of 
methanogenic bacteria. Methanogenic colonies in cultures of the bacteria showed a blue 
auto-fluorescence. Currently the populations of methane-oxidizing bacteria in the soil and rice 
rhizosphere are being investigated and attempts are made to isolate them in order to utilize them as 
methane-oxidizers for biological control of methane emission. 

Soil loading due to erosion in coastal marine environments is a serious problem. For the alleviation of 
erosion hazards in pineapple fields, the effects of organic mulch, cover crops, and nontillage planting 
were investigated. Results indicated that a cover crop, weeping lovegrass (Eragrostis curvula), on the 
lower edge of the slope reduced soil loss to a negligible level. 

New cultivar of snap bean, •gHaibushi»h (Phaseolus vulgaris L.), was released in 1995. •gHaibushi»h 
was bred through pure line selection from Malaysian germplasm. It shows a superior heat tolerance 
compared with the local cultivars and gives a high pod yield in the subtropical area of Japan where 
vegetable production in summer is difficult. The plant type is indeterminate and young pods are light 
green. 

Papaya leaf distortion mosaic potyvirus (PLDMV) damages papaya plants in the subtropical zone of 
Japan. The DNA complementary to the 3*f-terminal region of PLDMV RNA was cloned and sequenced. 
Papaya ringspot potyvirus (PRSV) is an other potyvirus which was isolated from papaya in Japan. 

Results of sequencing of cDNA of PLDMV supported the classification of PLDMV as a distinct member 
of the genus Potyvirus. 

Physiological Studies To Overcome Environmental Constraints 

Heat tolerance in tropical fruit crops was determined by chlorophyll fluorescence. This method has been 
widely used to examine the variation in tolerance of photosystem II to high temperature. Chlorophyll 
fluorescence test revealed that pineapple, cherimoya, sugar apple, and coconut palm were tolerant to heat 
whereas Java apple, rose apple, and longan were sensitive among 25 tropical fruit crops. 

Some plants experience iron deficiency chlorosis when grown on alkaline calcareous soils. This problem 
can be overcome by using resistant cultivars. In chickpea (Cicer arietinum) and mungbean (Vigna 
radiata ), some cultivars developed iron deficiency chlorosis when grown on alkaline soil while others 
did not exhibit visible symptoms. It was revealed that the resistant cultivars were able to lower the pH 
around the root in response to iron deficiency, resulting in the solubilization of insoluble iron. 

Areas with problem soils such as saline, acid sulfate, sandy soils, etc. are continually increasing in the 
tropics and subtropics. Hydroponics may be a suitable alternative for crop production in such regions. 

We developed a new apparatus for crop production, which does not require the use of electricity. In this 
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system, supply of nutrients is achieved through capillary action, and the amount of nutrient solution can 
be reduced by using a floating valve system. 
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-JIRCAS RESERCH HIGHLIGHT- 

Estimation of DNA Marker Effects in Marker-Quantitative Trait Loci 
(QTL)-Association Analysis 

Kenji Togashi * 


African indigenous cattle display a high degree of resistance to many diseases including trypanosomiasis. In particular, 
tsetse-transmitted trypanosomiasis is the major constraint on livestock and agricultural production in Africa. Currently, 
tsetse infestation covers an area of 11 million km’Q in Africa, accounting for about 37% of the surface of the 
continent. It is considered that 7 million km’Q of the area would otherwise be suitable for livestock and mixed 
agriculture without detrimental effect on the environment, if trypanosomiasis could be controlled. Over a period of 
several thousand years, certain breeds of cattle such as N'Dama and West African Shorthorn have developed the 
ability to thrive in tsetse-infested areas where there is a high risk of trypanosome infection. Consideration is now being 
given to the use of trypanotolerant breeds of domestic animals as an approach to sustainable livestock development in 
tsetse-infested areas. 

The gene responsible for the resistance to trypanosomiasis is currently being identified at ILRI (International 
Livestock Research Institute) by using crosses between the trypanotolerant N'Dama and zebu cattle breeds, e.g. the 
Boran. The procedure to estimate the effect of DNA markers linked to the gene responsible for trypanosomiasis was 
developed as a joint study between JIRCAS and ILRI. Based on the procedure, the degree of effects of DNA markers 
was found to be highly correlated with the degree of relationship of the true and estimated marker effects. For 
example, the relationship was even more significant by limiting the number of markers depending on the degree of 
effects of DNA markers to the top 30 markers than by using all the markers (Table 1). This finding indicated that 
selection should be based on the use of DNA markers with more pronounced effects, since the markers with poor 
estimation and negligible effects only create noise for selection. 

•! Present address : Hokkaido National Agricultural Experiment Station, Animal Production Division 


Table 1. Correlation coefficients between the true and estimated DNA marker effects 
when the number of progenies per sire is 500 


Number of DNA markers per chromosome 

3 4 

Heritability 




0.2 

0.7221 (0.5928) 

0.6741 (0.5131) 


0.4 

0.7823 (0.6649) 

0.7316(0.5763) 



The figures represent the correlation when the number of DNA markers was limited to the top 30 markers 
The figures in the parenthesis indicate the correlation when all the DNA markers were used 


•@ 

•@ 

•@ 
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-JIRCAS RESEARCH HIGHLIGHT- 

Development of Sustainable Aquaculture Technology in Southeast Asia 

Motoyuki Hara 

Recently, in the Southeast Asian countries, especially in Thailand, an intensive form of aquaculture has 
been promoted in order to increase product volume in accordance with economic growth, and such an 
intensive form of aquaculture has rapidly spread. As a result, production from aquaculture, especially in 
relation to prawns, has markedly increased in a short period of time (Fig. 1) . However, in some countries 
and regions, this intensive form of aquaculture had to be reduced or discontinued because of the 
occurrence of diseases affecting cultured species. It was eventually recognized that it is difficult to 
maintain a high productivity using intensive aquaculture. In order to achieve sustainable production for 
aquaculture in Southeast Asia, it is necessary to promote basic studies relating to aquaculture sciences, 
such as genetics, physiology, pathology and dietetics of fish and prawns. JIRCAS considers that 
technologies for the promotion of sustainable aquaculture can be developed though basic studies relating 
to aquaculture sciences. 

The collaborative studies covering a five-year period were initiated in 1994 between the Japan 
International Research Center for Agricultural Sciences (JIRCAS) and the Faculty of Fisheries, Kasetsart 
University, Thailand. In the first half period of the research program, genetic studies were emphasized as 
one of the approaches to promote basic studies relating to aquaculture sciences. 

At first, in order to develop methods for the detection of genetic variability for breeding, a manual for 
isozymic analysis for 20 aquatic animal species of economic importance in Thailand fisheries was 
prepared. The genetic variability of wild populations of catfish (Clarias macrocephalus) was analysed 
using this manual. 

The wild population of catfish collected from five localities indicated in Fig. 2 was analysed by using as 
markers the genes at eleven loci controlling nine enzymes. As a result of isozymic analysis, it was found 
that the populations examined were genetically independent of each other, because most of the pairs of 
five populations showed significant differences in all the allele frequencies at more than one locus. 
Furthermore, based on the genetic distances among the six local populations of catfish, the dendrogram 
showed that genetic relationships of the populations could be determined (Fig. 3) . The relationships 
between the populations of Prachin Buri and Chachoeng Sao, or Pattani and Yala were very close 
genetically, whereas the relationship between the Chiang Rai and Pattani (or Yala) populations was 
genetically distant. A vertical dotted line was drawn across the dendrogram to delineate a group with a 
distance of 0.01. The genetic distance of 0.01 was considered to correspond to a local race level based on 
the results of analysis of many kinds of animals. Using this vertical dotted line, the five local populations 
were divided into two groups, which indicated the differentiation of local races into north/central and 
south groups. 

This species was strongly related to the geographical distance or geographical regions in Thailand. 
Thailand consists of three regions i.e. central plain, northeastern plain and southern plain, and the three 
wide regions could be differentiated as a whole, which suggests the possibility of genetic segregation of 
wild populations. 

It is important to identify a local race for breeding, since hybridization among local races can lead to 
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heterosis, and the productivity could be increased. Thus the productivity could be increased by using 
breeding technologies for two species of economic importance for aquaculture. 

The steady increase in the world population requires that sustainable and higher productivity be 
promoted. The increase of productivity through breeding may lead to sustainable production. However, 
to promote sustainable aquaculture, it is necessary to develop technologies adapted to the regions. 
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Fig. 1 . Production of prawns, catches and culture in Thailand 
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Fig. 2. Sampling sites of catfish (*ce) 
and snake-head fish (•£) 
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Fig. 3. Dendrogram depicting the relationship among local 
populations of catfish in Thailand 
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Ecophysiological Characteristics of Tropical Tree Species 

Yutaka Maruyama 


Dipterocarps are the main timber-producing trees in Malaysia. Most of the dipterocarps are 
slow-growing, late successional species, and require moderate shade for optimum growth at the early 
stage. It is generally considered that dipterocarp seedlings are not suitable for open planting because of 
their low adaptability to environmental stresses associated with exposed sites. On the other hand, 
fast-growing pioneer species require strong sunlight for their establishment. In this study, 
ecophysiological characteristics of these tree species were examined to compare their drought resistance 
and adaptability to environmental stresses such as heat and light. 

The leaf water relation parameters showed that the capacity for maintaining a positive turgor was low in 
shaded and well-watered nursery seedlings of dipterocarps. On the other hand, leaves of exposed trees 
were well adapted to water stress morphologically, being smaller and thicker, as well as by their ability 
to maintain a positive turgor through osmotic adjustment. The rate of net photosynthesis (Pn) was lower 
in dipterocarps than in the fast-growing species such as acacia and teak. However, in a dipterocarp, 
Hopea odorata, Pn was similar to that of fast-growing species and the trees exhibited a very high water 
use efficiency (WUE). Decrease in Pn in response to non-optimum temperatures was relatively moderate 
in H. odorata and Shorea platyclados, suggesting that gas exchanges of these species were stable under 
variable temperatures. Among the dipterocarps, H. odorata and S. platyclados could be recommended as 
suitable species for open planting. Midday depression of stomatal conductance (Gw) was observed in 
most of the species examined. Gw started to decrease when the leaves were exposed to full sunlight and 
when the vapour pressure difference between the leaf and the ambient air (VPD) was above O.OlPa/Pa. 
Since photosynthetic C0 2 uptake is strongly controlled by stomatal opening, Pn of dipterocarps was 
limited by the reduction of Gw. However, the reduction of the transpiration rate (Tr) was relatively small 
because of the increase of VPD, which stimulates evapotranspiration, with increasing temperature and 
decreasing air humidity. In contrast, Gw of Acacia mangium, a well known fast-growing and 
drought-tolerant species, remained relatively constant even under full sunlight and when the VPD was 
above O.OlPa/Pa, resulting in a high Tr at midday. Leaf water potential (/pw) was low, or more negative, 
at noon when Tr was high. In tall mature trees, the difference in the gravitational potential (/pg) could 
also cause a lowering of /pw in the upper canopy. In addition, low soil-to-leaf hydraulic conductance (L) 
in tall trees limited the water uptake from soil. The resulting lower minimum /pw in tall trees can lead to 
enhanced water stress, and lower Gw and Pn than in smaller trees. In A. mangium, L was remarkably 
high. High L enabled this species to maintain a less negative /pw for the same transpiration rate 
compared to dipterocarps. By keeping the water deficit low through high L, A. mangium maintained a 
high Gw during the day when the transpiration rate was high. 

These results indicate that the slow growth of dipterocarps may be attributed to the relatively low rates of 
net photosynthesis and midday stomatal closure. Low L of dipterocarps can limit water availability and 
lower leaf water potential, especially in the mature tall trees. Nursery-grown seedlings of dipterocarps 
were more susceptible to water stress because of their relative inability to maintain a positive turgor. To 
enhance their ability to cope with water stress, it is recommended that nursery-grown dipterocarps be 
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Echophysiological characteristics of tropical tree species 

preconditioned to drought and direct sunlight prior to transplanting. Partial shading after transplanting is 
also recommended in order to avoid excessive water loss and to stabilize stomatal conductance and rates 
of gas exchange in the daytime. 

Photo 1: Nursery 

Photo 2: Drooping of leaves of a planted dipterocarp seedling 
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Determination of Site Factors that Promote the Regeneration of Tree Species 


-JIRCAS RESEARCH HIGHLIGHT- 

Determination of Site Factors that Promote the Regeneration of Tree Species 


Hiroyuki Tanouchi 


Although there is an abundance of commercial species in the hill forests of Peninsular Malaysia, the 
regeneration of tree species does not necessarily succeed in the forests left alone after selective logging. 
The more valuable of these species is Shorea curtisii, which is distributed on the ridges and upper slopes. 
To develop and further improve techniques for the regeneration of S. curtisii, the relationship between 
the regeneration dynamics and environmental factors needs first to be analysed. We set up a 4 ha 
(400m«~100m) plot in 1994. The plot which was logged selectively five years ago was located on a 
west-facing slope of Semangkok area (500 m asl; 3*<37'N, 101»<44"E). Dataset of an old-growth forest 
next to the plot was used for comparison. The density and size distribution of the saplings in both forests 
were not significantly different. Most saplings in the logged-over forest were established before logging, 
indicating that logging had not affected appreciably the mortality. However, there were few saplings 
along the logging roads. Though the canopy in the tree layer was not closed yet, stemless palms 
C Eugeissona tristis ) formed a dense canopy in the shrub layer in the logged-over forest. Under the deep 
shaded conditions (relative canopy openness < 2%), most of the saplings had not developed a main shoot 
and they extended lateral branches (left, Photo 1). The saplings around the gap of the old-growth forest 
and at the site without palms showed an adequate upper growth (right, Photo 1). 

The palms in a 1 ha plot were removed for improving the light conditions of the saplings (Photo 2). The 
relative canopy openness was 1.7% and 4.3% before and after removal, respectively. There were no 
morphological changes in the saplings until six months after removal, then many saplings initiated upper 
growth. Some saplings which lacked a main shoot elongated new shoots. Removal was estimated to be 
an effective method at a low cost. Moreover effects of soil compaction and erosion on the regeneration 
were analysed. 

The techniques employed to examine the factors influencing the regeneration of the species will be 
adopted for studies on some of the more commercial species in the hill forests. Results from these studies 
will be used to develop silvicultural tending techniques for improving regeneration in logged-over hill 
forests. This study was carried out as part of a collaborative project between Forest Research Institute, 
Malaysia and JIRCAS. 

Photo 1: Saplings of Shorea curtisii in forest 

Left: the sapling does not develop a main shoot and extends lateral branches under deep shaded 

conditions Right: the sapling grows upward with a main shoot in a site where more light is available 


Photo 2: Removal of stemless palms forming a closed canopy in the shrub layer 
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2nd Seminar on "Brackish Water Project" Held in Malaysia 


•aTopics«a 

2nd Seminar on # gBrackish Water Project*h Held in 
Malaysia 

Shigeyuki Kawahara 


The seminar is held annually as a part of the comprehensive project •gProductivity and Sustainable 
Utilization of Tropical and Subtropical Brackish Water Mangrove Ecosystems»h. Tropical and 
subtropical brackish water areas, usually with developed mangrove forests, are an important habitat for 
fisheries resources. The project aims to evaluate the productivity of such areas and identify the criteria 
for sustainable utilization. The West coast of the Malay Peninsula was selected as the study area due to 
the presence of different types of mangrove forests. Counterpart organizations include Fisheries Research 
Institute (FRI), Forest Research Institute Malaysia (FRIM) and University of Malaya (UM). 

The 2nd seminar was held in a meeting room of FRI's aquarium in Penang on December 5, 1996. Four 
subjects were taken up during the seminar as follows: ±@Mangrove forest, meiofauna and macrobenthos, 
iAPrawn and fish, iBRunoff of soil into the brackish waters, and iCSocio-economic aspects in the 
mangrove areas. About 30 scientists from Japan and Malaysia participated in the seminar, and nine 
papers were presented. Also, Dr. Kato, Director General of the Seikai National Fisheries Research 
Institute, introduced the Ishigaki Branch, which is the only site for studies on subtropical fisheries in 
Japan. 

During the 1st seminar, which was held in Kuala Lumpur just one year ago, almost all the presentations 
dealt with reviews of previous studies (JIRCAS Working Report No. 4), because the project had just 
started at that time and it was considered that such reviews would contribute significantly to the 
execution of the project. During the 2nd seminar, the papers from the two JIRCAS researchers on 
long-term assignments (Dr. Hayase at FRI and Mr. Ochiai at FRIM) and seven JIRCAS researchers on 
short-term assignments dealt with the collaborative studies carried out with their Malaysian counterparts. 

However, the comprehensive project is expected to produce integrated results in addition to the results 
obtained in each respective field. For integration, material/energy flow should cover the sequence from 
leaves in mangrove forests to crab/seashells along rivers and phyto/zooplankton and fish/shrimps in 
water. For such interdisciplinary studies, close collaboration between researchers in different fields is 
essential and it is obvious that the seminar held annually may enable to achieve this objective. 


Photo 1: Mr. Ibrahim Saleh (left). Director General of FRI, Drs. Kato (middle) and Hayase (right) 

Photo 2: Mangrove forest and fishing vessels at Matang 
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•aVisiting Scientists 

Plants Respond to Environmental Conditions 



Institute of Agrobiological Genetics and Physiology, Jiangsu Academy of Agricultural Sciences, Nanjing, China 

Drought, low temperature, high salt level, insects and pathogens are some common environmental stresses to 
which plants are often exposed. Plants are different from animals, and since they are immobile, they have 
developed unique mechanisms to avoid these environmental stresses. 

Plant molecular biologists have been interested in studying the mechanism(s) of plant defense systems and 
improving their resistance to these environmental stresses by using molecular biological techniques and plant 
engineering. During the past several years, I studied the resistance of transgenic plants to insects in cotton and 
vegetables. Now I am carrying out studies on plant response to dehydration with my Japanese colleagues. Main 
object of our studies is to determine how plants respond to environmental stresses, such as drought, cold and high 
salt at the molecular level. We have isolated several genes that respond to drought, cold and high salt stresses at 
the transcriptional level, and analysed their function. Now, we are trying to identify new genes that encode 
regulatory factors for the response to drought, cold, high salt level using yeast one-hybrid system. We are also 
analysing their function using transgenic tobacco and Arabidopsis plant system. 
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Sugarcane field with extensive damage caused by leaf-cutting ants 
Inset: a forager of the species carrying grass leaf (Photo by K. Ichinose) 
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• The 4th JIRCAS International Symposium Sustainable Agricultural Development Compatible with 

Environmental Conservation in Asia 


ISNAR-JIRCAS Meeting was held at JIRCAS 
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1996 Annual Meeting for Review and promotion of research 


1996 Annual Meeting for Review and Promotion of 
Research 

for International Collaboration 


Ohga 

• @•@•@•@•@•@•@•@•@•@•@•@•@•@•(2)• @ Director, Research Planning and Coordination 

Division 

•@The 1996 Annual Meeting for the Review and Promotion of Research for International Collaboration 
was held on February 26, 1997 in the International Conference Room of JIRCAS Headquarters. 

•@A total of 54 participants attended the meeting, including representatives from various institutes 
affiliated to the Ministry of Agriculture, Forestry and Fisheries (MAFF) and from MAFF»fs 
Headquarters along with delegates from JICA (Japan International Cooperation Agency) as well as the 
Director General, Directors of Research Divisions, International Research Coordinators and several staff 
members of JIRCAS. 

•(©Following the introduction of the general situation relating to international research collaboration as 
well as the orientation of JICA activities, the overall research activities implemented by JIRCAS during 
the fiscal year 1996 were reviewed and discussed, including collaborative research projects, international 
symposium, seminars, workshops, various meetings, and JIRCAS Visiting Research Fellowship Program 
at Okinawa Subtropical Station and Tsukuba Headquarters. 

Table 1. On-going comprehensive/multidisciplinary projects including new projects starting in 1997 

Photol: Discussion at 1997 Annual Meeting 

•(©During the present meeting, emphasis was placed on 1) JIRCAS Visiting Research Fellowship 
Programs, 2) comprehensive/multidisciplinary research projects, 3) research activities of Fisheries 
Division and at Okinawa Subtropical Station. Particularly discussions were focused on the research 
direction of the comprehensive/multidisciplinary research projects and how to cooperate with national 
institutes in the pursuit of the projects. 

•(©In the session on specific topics, discussions were centered on the strategies for promoting 
collaborative activities in South America which is considered to have a high potential for food 
production. The current status of food supply and demand, evaluation of natural environment and present 
technologies adopted in crop production and animal production in the region were reported and discussed 
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1996 Annual Meeting for Review and promotion of research 

by the participants. These reports and discussions should provide useful information for the promotion of 
a new project entitled •gComprehensive studies on soybean improvement, production and utilization in 
South America*h. JIRCAS plans to initiate the project from 1997 fiscal year in collaboration with 
MERCOSUR countries such as Brazil, Argentina, Paraguay, etc. The project places emphasis on the 
following aspects, 1) consolidation of the collaboration with JICA, and utilization of CETAPAR (Centro 
Technologico Agropecuario en Paraguay) as the main research site of the project, 2) multidisciplinary 
studies on soybean improvement and utilization in the MERCOSUR countries through collaboration with 
researchers from Japan and South American countries. 
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Table 1. On-going tompruhensive/muHidiseiplinury projects including new 
projects starting in 1997 


Title 

Site 

Year 

1 . 

Evaluation and improvement of fanning systems combin¬ 
ing agriculture, animal husbandry, and fisheries in the 
Mekong Delta 

Vietnam 

1994-1999 

2, 

Productivity and sustainable utilization of tropical and sub¬ 
tropical brackish water mangrove ecosystems 

Malaysia 

1995-2000 

3. 

Development of sustainable agricultural technology in 
Northeast Thailand 

Thailand 

1995-2002 

4, 

Comprehensive studies on the development of a sustainable 
agro-pastoral system in the sub tropical zone of Brazil 

Brazil 

1996-2003 

5. 

Development of sustainable production and utilization of 
major food resources in China 

China 

1997-2004 

6, 

Comprehensive studies on soybean improvement* produc¬ 
tion and utilization in South America 

MERCOSUR 

countries 

1997-2007 
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Yellow butterflies of the genus Eurema HYbner, as the defoliators of albizzia, Paraserianthes falcataria 

-JIRCAS Research Highlight- 

Yellow Butterfly Species (Genus Eurema Hubner ) Causing Serious 
Defoliation in Forest Plantations of Albizzia, Paraserianthes falcataria (L.) 
Nielsen, in the Western Part of Indonesia 

Ragil S. B. Irianto*, Kazuma Matsumoto and Kusdi Mulyadi** 

•@ Albizzia, Paraserianthes falcataria, is a fast-growing multi-purpose tree widely planted in Southeast 
Asia. Outbreaks of a pierid butterfly species of the genus Eurema occasionally occur in albizzia 
plantations, leading to severe defoliation. The butterfly species had so far been identified either as E. 
blanda or E. hecabe, and some authors assigned it to both species. We investigated Eurema species 
occurring in forest plantations of albizzia in five localities in Sumatra, Java, and Kalimantan, and 
identified four species, E. blanda, E. hecabe, E. alitha and E. sari. When the yellow butterflies were 
abundant, E. blanda predominated. The population of E. blanda fluctuated widely, decreasing in the dry 
season and increasing in the rainy season, sometimes resulting in a population outbreak and total 
destruction of the foliage in the plantation. On the other hand, the population levels of E. hecabe and E. 
alitha were more stable, and E. sari seldom occurred. These species are therefore considered to be of 
minor importance as a pest of albizzia. E. hecabe which has been frequently reported to be «ga serious 
defoliator of albizzia*h could have been mistaken for E. blanda. E. hecabe and E. alitha, which had been 
mistaken for E. hecabe did not occur together in our samples. 

* Forest and Nature Conservation Research and Development Centre 
** Palembang Reforestation Technology Centre 


Photo 1: Outbreak of Eurema blanda (Benakat, South Sumatra Prov., May 1994) 


Photo 2: Total defoliation of an albizzia plantation by E. blanda (Benakat, South Sumatra Prov., May 

1994) 
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Soil Losses from Pineapple Fields and Its Control 

-JIRCAS Research Highlight- 

Soil Loss from Pineapple Fields and Control 

Kazuo Sugahara 

•@For the last three decades, soil loading due to erosion in coastal marine environments has been serious 
in the Ryukyu Islands resulting in damage to the coral reefs surrounding these islands. The above soil 
loss can be ascribed to large-scale pineapple cultivation. Pineapple fields are located mainly on acidic red 
and yellow soils and receive an annual average rainfall of 2,100 mm with a slope ranging from 20 to 150 
m in length and from 0 to 8*K in gradient. Since the growth of pineapple plant is very slow, fields are not 
covered for a long time, so that soil erosion in pineapple fields becomes a serious problem. Rill erosion 
occurs frequently along roadsides because of agricultural practices, such as spraying of chemicals and 
shipping of products. 

Photo 1 : Effect of cover crops on the prevention of soil erosion in pineapple fields 

•@A set of four plots was used for the investigation of the effect of cover crops on the prevention of soil 
erosion from October 1993 to September 1994. Ground nut (Arachis pintoi ) and weeping lovegrass 
(Eragrostis curvula ) were selected as cover crops. Each of them was planted on the lower edge of a 
slope. After the grasses grew well, soil erosion was effectively reduced. The alleviation of soil loss in the 
plots with ground nut and weeping lovegrass was 1/680 and 1/110 of the control plot, for 12 months after 
planting of pineapple. Another set of four plots was used for the investigation of the effect of nontillage 
planting on the prevention of soil erosion from October 1994 to September 1995. In the plot of nontillage 
planting, pigeonpea (Cajanus cajan ) was cut down at about four months after the seedling stage, and then 
pineapple was planted without plowing. Nontillage planting reduced soil erosion effectively from 
October 1994 to May 1995. However, the effect disappeared after June 1995, because the residues of 
pigeonpea decomposed during this period. The alleviation of soil loss in the plot of nontillage planting 
was 1/14 of the control plot for 8 months after planting of pineapple. In conclusion, we recommend that 
farmers employ cover crops and practice nontillage planting for the protection of the soil surface. 

Organic mulch is less suitable because of the scarcity of labor and materials. 
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-JIRCAS Research Highlight- 


Studies on Geographical Distribution of Leaf-Cutting 
Ants and Damage to Agriculture Caused by the Ants in 
Brazil 


Katsuya Ichinose 

•@Leaf-cutting ants cut parts, especially leaves, of plants for cultivation of fungi, on which their 
immature forms feed (Photo 1). Due to this harvesting behavior, the ants are recognized as one of the 
most important pests in Central to South America, though neither the geographical distribution of the 
ants nor their damage to agriculture is well-documented. We carried out surveys on the geographical 
distribution of leaf-cutting ants in Brazil from 1993 to 1996 and the distribution of the species in various 
regions, their density and the extent of the damage to agriculture caused by the respective species were 
eventually elucidated.(Fig 1) Along with the survey on the distribution and density of leaf-cutting ants in 
the regions, we asked farmers at some locations whether they encountered problems with leaf-cutting 
ants or not. The information enabled to determine the presence or absence of damage by the ants. 

•@The leaf-cutting ants rated as serious pests for agriculture in Brazil are as follows: Acromyrmex 
balzani, Ac. fracticomis, Ac. landolti, Ac. striatus, Atta bisphaerica, At. capiguara, At. cephalotes, At. 
goiana, At. laevigata, At. sexdens (Photo 1). Comparison of the data with those obtained previously 
suggests that the distribution of the species listed in Table 1, especially At. capiguara , and At. goiana, 
had expanded in these decades to regions where few or none of them had been found or reported in the 
past. Scientists point out that incipient (less than one year old) nests of these ants (Photo 1) are very 
susceptible to and easily destroyed by tillage. Hence damage by the ants may increase with the adoption 
of nontillage cropping which is currently recommended by agricultural institutes in Brazil. Similarly the 
incidence of At. cephalotes, At. laevigata, and At. sexdens in the Amazon region may increase with the 
progression of logging or land development. Thus damage to agriculture by leaf-cutting ants in regions 
where there is at present little or no problem is likely to increase with time. 

•@Hence, we have to pay attention to the expansion of the distribution of leaf-cutting ants for the control 
of the ants. 

Table 1. Distribution of leaf-cutting ants 


Photo 1 : The fungus garden(white spherical form), on top of which the queen stands ,of an incipient nest 

of At. bisphaerica. This nest was established in soil at a 20 cm depth. 


Photo 2 : Sugarcane field with extensive damage caused by leaf-cutting ants inset: a forager of the 

species carrying grass leaf 
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Fig. 1. Estimation of damage to agriculture caused by leaf-cutting ants in Brazil. Regions are divided by 

broken lines and abbreviations for the regions are the same as in Table 1. 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no.l 1/4.html (2 of 2) [10/7/2002 8:55:16 PM] 




http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no.11/image/p4-3.jpg 


Table 1. Distribution of lenf-cullin^ ants 


Species 

Distribution 

Density 
(nest s/ha) 

Rating 

Ac. haham 

son. c£w 

2500 

occasionally serious 

Ac '♦ fracticomix 

sou 

700 

occasionally serious 

Ac, landoht. 

NOR, NOE 

1500 

occasionally serious 

Ac. striatus 

SOU 

4 

serious 

At, bispftaerica 

SGE, CEW 

5 

locally serious 

At. Ctipigitam 

SGE, CEW 

4S 

serious 

At. ccpha tales 

NOR, NOE 

2 

locally serious 

At. goiarta 

CEW 

5 

locally serious 

At. laevigata 

Alt 

6 

serious 

/if. sexdertf 

All 

6 

serious 


Abbreviations: Northern region (NOR), Northeastern region (NOE), 


Central western region (CF.Wj, Southeastern region (SOE), 
and Southern region (SOU) 
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NOE 


Salvador 


CEW 


500km 


FFPi Serious 
si; Light 

Little or no 
Not studied 


SOE 

Rio de Janeiro 
Sao Paulo 


sou 

Pnjto Alegre 


Fig, 1. Estimation of damage to agriculture caused by leaf-catting 

ants in Brazil. 

Regions uTti divided by broken lines and Eihbi evictions for the 
regions arc the same as in Table L 
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-JIRCAS Research Highlight- 

Wide Adaptability of New Rice Cultivars in Yunnan 
Province of China 


Kazuo Ise, Sun Youquan*, Liu Jishin*, Zhou Tiande*, Satoru Kudo**, 
Yoshihiro Sunohara***, and Jiang Zhinong* 


•@The collaborative research project for rice breeding using a wide diversity of genetic resources has 
been conducted in Yunnan Province of China since 1982. The new rice cultivars developed through the 
joint project have been widely grown in and around the province. In 1996, the total acreage of these 
cultivars covered more than 170,000 ha, accounting for nearly 20% of the total rice-growing area in 
Yunnan. 

•@In 1996, two rice cultivars, *eHexi 34»f and *eHexi 35*f, were developed and newly released by the 
project; they will be officially registered by the Yunnan provincial government. Hexi 34 was developed 
from the cross •eYunxi 2*f/*eDianyu 1 *f, and Hexi 35 from the cross *eHexi 15*f/«eHexi 4*f. The 
pedigree of these new cultivars, can be traced to some Japanese rice genetic resources: a high-yielding 
cultivar •eTodorokiwase»f, a cool weather-resistant cultivar •eNarukaze»f, blast-resistant germplasm 
accessions »eBL l*f and »eBL 6«f, and others. 

•@The principal reason for releasing these two cultivars is that they display a higher yielding ability than 
that of current japonica-rice cultivars grown in Yunnan, which is the most important factor in crop 
production in China. Hexi 34 and Hexi 35 performed very well in the uniform trials conducted at twelve 
sites representative of the japonica-rice growing areas in the central and northern parts of Yunnan. In 
twenty-four tests across twelve locations during a two-year period, the average yield of Hexi 34 and Hexi 
35 was 8.55 and 8.80 t ha -1 , respectively, compared with 7.10 t ha -1 for the standard cultivar •eYunkeng 
9*f. 

•@We conducted a statistical analysis of adaptation based on the data of the uniform trials using the 
linear regression method and principal component analysis. The regression coefficients on the mean yield 
of each environment of Hexi 34 and Hexi 35 were smaller than those for other tested cultivars. The 
findings indicate that these cultivars are well adapted to various kinds of environments in Yunnan. The 
results of principal component analysis also revealed the high-yielding characteristics and 
wide-adaptability of Hexi 34 and Hexi 35. 

•@The cooking and processing qualities of Hexi 34 and Hexi 35 are superior to those of the standard 
cultivar •eYunkeng 9*f in Yunnan. Milled kernels of Hexi 34 and Hexi 35 are nonglutinous and 
nonaromatic; they are translucent in contrast to those of Yunkeng 9, which show a pronounced white 
belly. Taste panelists rated Hexi 34 and Hexi 35 as satisfactory in the sensory tests of steamed rice. 
Recently, the living standard in urban areas of China has been rapidly rising, resulting in a remarkable 
increase in the demand for rice with good taste. These two new cultivars should meet the demand for 
good quality rice. 
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•@Finally, we should pay careful attention to the shift in the frequency of the blast fungus races, because 
Hexi 34 and Hexi 35 exhibit a race-specific resistance to rice blast disease. These cultivars could be 
widely grown in and around the Yunnan Province, because of their high yielding ability and high grain 
quality as mentioned above. However, breakdown of the blast resistance is common in many 
rice-growing areas, often shortly after the release of cultivars with race-specific resistance. Rice blast is 
the most devastating disease in Yunnan japonica-rice growing areas. We should develop breeding 
strategies for durable resistance to reduce the impact of rice blast disease by using the abundant rice 
genetic resources of Yunnan and Japan. 


* Yunnan Academy of Agricultural Sciences, China 

** Mountainous Region Agricultural Research Institute, Aichi-Ken Agricultural Research Center, Japan 
*** Fujisaka Branch of Aomori Agricultural Experiment Station 
Table 1. Main agronomic characters of «eHexi 34«f and «eHexi 35«f 

Photo 1: Rice cultivation in a basin near Kunming City, Yunnan Province. Rice plants (right) belong to a 

new cultivar «eHexi 35»f. Mountainous regions account for about 84% of the total area in the province. 

Cultivation of japonica-rice for high yield is conducted in a small number of basins at an elevation of 

1,500 to 2,000m. 
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Table 1, Main agronomic characters of ‘Hexi 34* and ‘Hexi 3S ? 


Character 

Hexi 34 

Hexi 35 

Yunkeng 9 
(Standard) 

Maturity 

Medium 

Medium 

Medium 

Plant Height (cm) 

U 

93 

115 

Lodging Resistance 

HR 

HR 

S 

Cool Weather Resistance 

MR 

MR 

R 

Blast Resistance 

HR 

M 

R 

Grain Appearance 

Good 

Good 

Poor 

Eating Quality 

Good 

Good 

Poor 

Yielding Ability (%) 

112 

121 

100 


Notes: HR, high resistance; MR, moderate resistance; M, moderate; S T susceptible 
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Identification of Meloidogyne including new species based on enzyme phenotypes in Thailand 


-jircas Research Highlight- 

Identification of Meloidogyne Species Including a New Species Based on 
Enzyme Phenotypes in Thailand 


Yukio Toida 

•@Species of root-knot nematodes ( Meloidogyne spp.), the most important pests of crops among 
nematodes in Thailand, were identified based on the phenotypes of esterase and malate dehydrogenase 
by electrophoresis, which are more reliable than those based on morphological characters of the female 
perineal pattern. 

•@Two distinct bands of esterase (Est: A2) and one or three bands of malate dehydrogenase (Mdh: Nl, 
N3) were observed in M. arenaria. One clear broad band of Est (VS1) in M. graminicola, one band each 
(Nl, II) of Est (II) and Mdh (Nl) in M. incognita, and three bands of Est (J3) and one band of Mdh (Nl) 
in M. javanica were revealed respectively (Table 1). Two of the nematode populations examined did not 
show any band pattern of the enzyme. 

•@The population collected from a weed in Bangkok displayed three bands of Est and two bands of 
Mdh, suggesting the presence of an unrecorded species in Thailand (Photo 1). 

•@The population collected from mulberry plants in Udon Thani which exhibited one band of Est and 
two bands of Mdh (Photo 1) belonged to a new species based on the specific phenotypes of esterase and 
malate dehydrogenase and the unique morphological characters of the female perineal pattern (Photo 2). 
This is the second record of a new species of Meloidogyne in Thailand since the discovery of M. 
microcephala (Cliff et al., 1984). The new species occurred in large numbers in mulberry fields at Udon 
Thani Sericulture Research Center and also on some ornamental plants around this area. 

•@As mulberry plants in this area are seriously damaged by this species (Photo 3), methods of control 
against the nematode attacking mulberry should be developed. 

Table 1. Phenotypes of esterase and malate dehydrogenase of Meloidogyne species in Thailand 

Photo 1: Polyacrylamide gel (phast system) showing esterase and malate dehydrogenase phenotypes of 

ffemales of Meloidogyne 

Photo 2: Perineal pattern of a new species of Meloidogyne on mulberry in Udon Thani 

Photo 3: Mulberry root damage caused by a new species of Meloidogyne 
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Table 1. Phenotypes of esterase and malate dehydrogenase 
of Meloidogyne species in Thailand 


Meloidogyne 

Host plants 

Phenotypes 

Est Mdh 

M. arenaria 

Cucumber 

A2 

N3 

do 

A weed 

A2 

N1 

M. incognita 

Tomato 

11 

N1 

M. javanica 

Eggplant 

J3 

N1 

M. graminicola 

Upland rice 

Vs I 

? 

Meloidogyne sp. 1 

Mulberry 

1 

2 

Meloidogyne sp. 2 

A weed 

3 

2 
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Photo /, Polyacrylamide gel (Phast System) showing esterase and 
mat ate dehydrogenase phenotypes of females of Meloidogync 
Ma: M. arenaria, Mi: M. incognita* Mj: M* javanica, Msl: new 
species, Ms2: unrecorded species in Thailand 
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JIRCAS Symposium on Status and Requirement of Minerals in Ruminants in Thailand 


•aTopics«a 

JIRCAS Symposium on Status and Requirement of 
Minerals in Ruminants in Thailand 

-Current Knowledge and Future Research- 


Tomoyuki Kawashima 

•@The role of animal industry is becoming increasingly important in the agricultural sector due to the 
strong demand for protein in Thailand. The annual rate of increase of milk production in the country was 
the highest in Asia and the Pacific region in the past decade. The consumption of commercial concentrate 
feed as well as supplement feed has increased very rapidly. 

•@JIRCAS had dispatched two researchers (K. Nishimura, T. Kawashima) to carry out collaborative 
studies in the field of animal nutrition with the Department of Livestock Development (DLD), Thai 
government. The field of mineral nutrition was one of the key subjects in their projects. It is still not 
clear, however, whether the formula applied for the commercial mineral supplements is the most suitable 
for the conditions in Thailand, as the information both on the mineral contents in the feed and on the 
requirement of minerals by animals in Thailand is very limited. 

•(©Therefore, the JIRCAS symposium entitled *gStatus and requirement of minerals in ruminants in 
Thailand -Current knowledge and future research-»hwas held on May 9, 1997 in Bangkok, Thailand, 
aiming at presenting research results on mineral nutrition in the country in order to determine the general 
characteristics of the mineral status of cattle and buffalo in the country and to identify the research 
themes required for the future. The symposium was divided into the following three sessions: 

1. Identification of mineral status in animal production 

2. Influence of minerals on ruminant physiology and productivity 

3. General discussion on "Future research strategies on mineral nutrition in Thailand". 

•@The proceedings will be published as JIRCAS Working Report Series. 

Photo 1: Participants in, and presentation, at the symposium 
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People 

People 


•@Akihiko Nishiyama became Director of JIRCAS*fs Administration Division on April 1. He was until 
recently Deputy Director of International Trade and Tariff Division, Ministry of Agriculture, Forestry 
and Fisheries (MAFF). He also served as Consul at the Consulate-General of Japan in Los Angeles, USA 
(1991-1994) as well as at MAFF»fs Research Council Secretariat. 

•@Teruo Ishige became Director of JIRCAS *fs Biological Resources Division on April 1, succeeding 
Dr. Shoji Miyazaki who was transferred to the National Institute of Agrobiological Resources (NIAR). 
Dr. Ishige, a plant cell biologist, worked successively as Head, Plant Cell Breeding Laboratory of NIAR 
(1988-1995) and Senior Research Coordinator of MAFF*fs Research Council Secretariat (1995-1997). 

•@Eitaro Imaizumi, an animal nutritionist, succeeded Dr. Hirofumi Hayakawa as Director of 
JIRCAS*fs Animal Production and Grassland Division on April 1. He initiated his research career at 
Hokkaido National Agricultural Experiment Station (1963-1981). During his former assignments at 
JIRCAS (formerly TARC), he served as Research Coordinator (1987-1990) and Head of Research 
Planning Section (1990-1993), after working on animal nutrition in Malaysia (1981-1983). 

•@Shiroh Uno, a biological oceanographer, replaced Dr. Kunihiko Fukusho as Director of JIRCAS *fs 
Fisheries Division on April 1. Dr. Uno carried out most of his research work on coastal ecology at Nansei 
National Fisheries Research Institute (1974-1982) and Seikai National Fisheries Research Institute 
(1983-1994). Before joining JIRCAS, he was Director of Japan Marine Science and Technology Center 
(1994-1997). 
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OBITUARY 

•@We were saddened to learn that Dr. Nobortl Yamada, first Director General of the Tropical 
Agriculture Research Center (TARC, reorganized to JIRCAS in 1993), passed away on 18 May 1997 at 
the age of 85. Dr. Yamada, who graduated from The University of Tokyo (1938) and then spent most of 
his research career at the National Institute of Agricultural Sciences, was a distinguished crop 
physiologist and his work on the physiological mechanism of flooding tolerance of rice plants had been 
highly evaluated by the scientific community. 

•@Dr. Yamada also served successively as an expert under the Colombo Plan, as Regional Officer of 
FAO in Bangkok and as a consultant to the Asian Development Bank. In 1970, he became the first 
Director General of TARC. Through his scientific achievements and strong commitment to the 
promotion of international collaboration in the field of agriculture, Dr. Yamada displayed the leadership 
required for laying a firm foundation for the activities of TARC and subsequently JIRCAS. 
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The 4th JIRCAS International Symposium 

Sustainable Agricultural Development Compatible with Environmental 
Conservation in Asia 


Hisataro Horiuchi 

•@The 4th JIRCAS International Symposium on*gSustainable Agricultural Development Compatible 
with Environmental Conservation in Asia*horganized by Japan International Research Center for 
Agricultural Sciences (JIRCAS) in cooperation with the National Agriculture Research Center (NARC), 
National Institute of Agro-Environmental Sciences (NIAES), National Research Institute of Agricultural 
Economics (NRIAE) will be held at Tsukuba Science City during the period August 26-28, 1997. The 
subject of the symposium covers the current situation of and future prospects for sustainable agricultural 
development in Asia. 

•@This symposium attempts to highlight the swelling demand for food, the decline in food 
self-sufficiency and to discuss possible solutions that would enable to achieve sustainable food 
production and preserve the environment simultaneously. In many Asian countries, recently, rapid 
economic growth has been altering the balance between food supply and demand. On the demand side, 
the rising household incomes and population are causing an overall expansion of food demand and a shift 
in its composition. On the supply side, the «gGreen Revolution*!! that had led to a remarkable increase in 
food production in Asia since the 1960s seems to be losing its momentum. Asian agriculture is also being 
confronted with many serious environmental constraints associated with the increased application of 
chemical inputs, urbanization, deforestation and desertification. One may wonder to what extent Asian 
green resources and technologies will be able to sustain the swelling demand for food. With the huge 
population in Asia, a decline in food self-sufficiency would make the world food market more volatile. 
This symposium attempts to highlight these issues and to discuss possible solutions. 

•@The symposium consists of a keynote speech and three sessions (1, 2, 3). The keynote speech 
delivered by Dr. George H. L. Rothschild, Director General of IRRI, Philippines is entitled: »gMain 
Issues for Sustainable Agricultural Development in Asia»h. The theme of Session 1 covers *gFood 
Problems in Asia*hPapers to be presented include : 

• Brief Introduction by Chairperson. Wen S. Chen (Taiwan) 

• Asian Food Supply-Demand Situation from Global Perspective. Osamu Koyama (Japan) 

• Food Problems and Outlook in China. Ke Bing Sheng (China) 

• Food Problems and Outlook in Southeast Asia. Nipon Poapongsakorn (Thailand) 

•@ The theme of Session 2 covers •gAgriculture and Environment in Asia*h. Papers to be presented 
include: 

• Sustainable Agriculture and Environment. D. Keeney (USA) 

• Global Warming and Sustainable Agriculture. Katsuyuki Minami (Japan) 

• Technology for Conservation of Soil and Water Resources in China. Zhao Qi Guo (China) 

• Technology for Conservation of Soil and Water Resources in Korea. Pil-Kyun Jung (Korea) 
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• Material Balance and Ecological Functions of Paddy Farming. Hidenori Iwama (Japan) 

• External Economies of Agriculture. Eiichiro Nishizawa (Japan) 

•@The theme of Session 3 covers •gTechnological Issues after the Green Revolution*!!. Papers to be 
presented include: 

• JIRCAS Projects for the Development of Technologies for Sustainable Agriculture in Asia. Makie 
Kokubun (Japan) 

• Development of Rice Production Technology in Southeast Asia. Nobuyuki Kabaki (Japan) 

• Development of Rice and Wheat Production Technology in India. I. P. Abrol (India) 

• Rural Development through Farming Systems Research. Achmad Suryana (Indonesia) 

• Rural Development through Integrated Farming Systems Combining Agriculture, Animal 
Husbandry and Fisheries. Dang Kim Son (Vietnam) 

• Strategy for Rice Production Technologies at IRRI. Osamu Ito (Philippines) 

Photo 1: JIRCAS's Main Building in May 
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ISNAR Meeting was held at JIRCAS 


ISNAR-JIRCAS Meeting was held at JIRCAS 

•@The Japan International Research Center for Agricultural Sciences (JIRCAS) and International 
Service for National Agricultural Research (ISNAR) jointly organized a *gProject Planning Meeting on 
Research Management*!! which was held in Tsukuba during the period 24-27 March, 1997. The objective 
of the meeting was to discuss priority themes in the project on two subjects: the Management of 
Information and the Management of Biotechnology. During the meeting the strategies by which research 
managers and policy makers in Asia recognize the importance of information technology and 
biotechnology were discussed.During the meeting discussions were also held on the preparation of a 
series of seminars for the research managers who are responsible for the drafting of information and 
biotechnology programs. In addition to the participants from ISNAR, including Dr. Stein Bie, Director 
General, and JIRCAS, heads of the representative NARSs and several ASEAN (Association of Southeast 
Asian Nations) countries attended the meeting. 
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Sheep grazing in the piedmont steppe (2,000m altitude) of Kazakhstan 
(Photo by K. Sato) 
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<Project Report> 

<Project Report> 

Development of Sustainable Production and Utilization of Major Food Resources in China 

Akinori Noguchi 




Photo 1: Signature of Comprehensive Agreement; Li Xia-fen(left), Deputy DG of Department of 
International Cooperation, MO A and Yoshihiko Kotaka(right),Research Councillor, AFFRC 


The first comprehensive collaborative research project for China was launched on May 28,1997 by the signature of a Comprehensive Agreement between JIRCAS, 
Agriculture, Forestry and Fisheries Research Council (AFFRC), Japan and Ministry of Agriculture (MOA), the people's Republic of China on the occasion of the 16th 
meeting of Japan-China Agricultural Science and Technology Exchange Group held in Tokyo. This project is entitled "Development of Sustainable Production and 
Utilization of Major Food Resources in China" and will be continued for seven years from 1997. 

The report entitled "Who Will Feed China? Wake-up Call for a Small Planet" (L. Brown, 1995) triggered the increased concern about China's future food problems. 
Many Chinese and foreign researchers have carried out a large number of analyses and projections on China's food future, focusing most of their studies on the grain 
sector and they published reports. No consensus can be found in the reports on food production and demand, probably due to differences in assumption, date and 
estimation approaches. Nevertheless, the following consensus is that the demand will increase continuously over the next three decades and the supply can not meet the 
demand, and thus ever rising import will occur. 

Major factors influencing food production in China, will include cultivated land, the yield of grains and some constraints such as poor quality of farmland, weak 
response to fertilizer and small-scale farm structure. It is inevitable that more farmland will be diverted to non-farm uses in the process of rapid economic development 
and newly reclaimed land and increased cropping index do not seem to alleviate the continued tendency of a decrease of the cultivated land area. The yield is 
significantly lower in China than in more advanced countries. On the other hand, major factors influencing the food demand will include population expansion, 
population structure change due to the rural-urban migration, income growth, price of agricultural products and poor infrastructure. 

This project aims to develop technologies for sustainable production and utilization of major food resources in China such as rice, soybean, com and freshwater fishes 
in order to respond the increasing expectations for high-quality dietary life caused by the development of the Chines economy and the increase of people's purchasing 
power. More specific objectives of this project are; 1: to develop an effective production and distribution system of agricultural produce to cope with the changing 
supply and demand structure of foods, which is based on the following studies; Revaluation of the dissemination of new technologies in selected areas and their effects 
on the rural and individual farmer's economy, 2) modeling for the supply and demand of foods in selected areas and analysis of the structure of the corresponding 
farming areas and agricultural production,3) more sustainable and effective control systems designed for better supply and demand of major food products among 
selected areas. 2: to develop technologies for sustainable and stable production of major food resources, based on the following studies; 1) evaluation on existing gene 
resources and development of new crop species, 2) development and evaluation of environment-friendly agricultural technologies. 3: to develop food technologies for 
improved utilization and distribution of major food resources, based on the following studies; 1) quality evaluation of major food resources and development of new 
food ingredients from them, 2) improved preservation and distribution technologies for major food resources. 

The research subjects taken up in this project will require the collaboration of each component for the progress of the project. 

Fig. 1. The research institutes expected to participate in this project 
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JIRCS Visiting Research Fellowship Program: Review of five years of operation 


JIRCS Visiting Research Fellowship Program: Review of 
five years of operation 

Shigeo Yashima 

1 JIRCAS visiting Research Fellowship Program 

The International Collaboration Research Section(ICS)was established in Okinawa Subtropical Station in 
1991 with the special mission to promote the Visiting Research Fellowship Program. Five Japanese 
researchers were engaged in the following four research projects with ten visiting researchers from 
developing countries invited on a one to two-year tenure. 

1 .Environmental control by using plants and microorganisms 
2.Mechanism of heat tolerance of crops with emphasis placed on vegetable crops 
3.Indentification and evaluation of salt tolerance in rice varieties. 

4 .In vitro conservation of genetic resources for vegetatively propagated crops. 

2 Visiting researchers 

Up to date, a total of 50 visiting researches from 14 countries have participated in the program as 
indicated below. Development of a research network between ICS and these researchers should be ICS's 
priority to further promote the program. 

India(8 researchers) 

China(7 researchers) 

Indonesia(5 researchers) 

Thailand (5 researchers) 

Nigeria(5 researchers) 

Philippines(5 researchers) 

Vietnam(4 researchers) 

Bangladesh(3 researchers) 

Burkina Faso (2 researchers) 

Egypt(2 researchers) 

Brazil(l researchers) 

Ghana(l researchers) 

Malaysia(l researchers) 

Pakistani researchers) 
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JIRCS Visiting Research Fellowship Program: Review of five years of operation 


Photo 1: The visiting researchers hold meeting on their respective research fields 

3. Research activities during the five-year period 

1) Environmental control by using plants and microorganisms 

Methane emission from paddy fields treated with rice straw and cellulose was measured by a chamber 
method under the subtropical climatic conditions. Ecological studies included the enumeration of 
population and isolation of methanogenic bacteria (MGB) and methane-oxidizing bacteria (MOB) which 
produce and oxidize methane, respectively in paddy fields. The findings for the studies led to the 
development of a model ecosystem of methane production and oxidation which should enable to 
elucidate the interaction between the activities of MGB and MOB in the co-culture system. Final target is 
the development of techniques to regulate methane emission in the rice rhizosphere by using MOB. 

2) Mechanism of heat tolerance of crops with emphasis placed on vegetable crops. 

Physiological characteristics and genetic variability of heat tolerance were investigated. It was found that 
proline contents and membrane thermostability can be used as indices for the screening of heart tolerance 
in cabbage {Brassica oleracea ). The effects of nitrogen and potassium concentrations under heat stress in 
cabbage were studied. Application of high nitrogen or potassium levels increased heat tolerance of 
cultivars. 

Genotype variation in reproductive responses, including gamete development and function, to heat stress 
in chickpea ( Cicer arieinum ) and pigenpea ( Cajans cajian ) was examined. The variation was limited 
among cultivated. The variation was limited among cultivated genotypes in both crops. 

However, a congenial wild relative of pigeon pea, Atylosia scarabaeoides, sets many pods and seeds 
under heat stress conditions. 

3identification and evaluation of salt tolerance in rice varieties 

The Salinity Tolerance project aims finally to develop a breeding method to produce salinity-tolerant 
varieties of crops, using advanced technologies at the molecular level. Under this project, so far, genetic 
and geographical variations in salt tolerance in cultivated rice were investigated. Recent studies have 
been focused on the physiological characteristics of photosynthesis and anti-oxidative mechanisms of 
salt-tolerant indigenous varieties and wild relatives of cultivated rice. Molecular cloning and 
characterization of salt tolerance genes from rice were also investigated. 

4 )In vitro conservation of genetic resources for vegetatively propagated crops 

Cryopreservation is considered to be a practical and efficient tool for long-term storage of plant 
germplasm. The project aims to develop techniques for the efficient and stable cryopreservation of 
vegetatively propageted tropical crops. 

Vitrification method, a simple method using highly concentrated solution of cryoprotectants to dehydrate 
explants, was selected among different strategies for cryopreservation. Basic conditions of the 
vitrification method were investigated in detail and the cryopreservation protocols of in vitro grown 
shoot tips of taro, banana, yams and sweet potato were successfully developed with 60-100% of 
post-thaw survival. The shoot tips cryopreserved by these protocols resumed growth and developed shoot 
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directly without intermediate callus formation. 
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Mechanism Uplifting of Saline Groundwater in Phra 
Yuen Area, Northeast Thailand 


Masayuki Imaizumi* 

In Northeast Thailand, salt accumulation in soil is considered to be derived principally from saline 
groundwater. Several theories have been proposed for salinization in Northeast Thailand. All of them 
indicate that salinization is related mainly to the presence of a few rock salt strata of the Mahasarakham 
formation which are widespread in Northeast Thailand. One of the problems to be solved is how salt of 
the rock salt strata can reach the ground surface. The understanding of the mechanism of uplifting of 
saline-groundwater in Northeast Thailand should contribute to the development of technologies for the 
utilization of ground water and the evaluation of water resources in Northeast Thailand. 

Phra Yuen area which is a salt-affected area was selected for studying the relationship between the 
geological structure and groundwater flow. Piezometers were installed at every intersecting point of a 
regular 1km grid. Intersecting points were set up at 16 stations in total (A1-A16). At each intersecting 
point,3 investigation wells 5, 10 and 15 meter in depth were set up for monitoring the groundwater level 
(potential head), electric conductivity (EC),and temperature of the groundwater. 

Lineament analysis, upper structure of the Mahasarakham formation, and distribution level of the gravel 
layer in the Quaternary laterite diposits revealed the presence of Gl, FI, F2 and F3 faults. Saline 
groundwater at Al, A5, A9 and A13 station was supplied from the Gl faults (Fig.l) and that at A 11 
station from the FI fault. However, all the faults were not involved in the passage of saline groundwater. 

Fig.l. Electric conductivity distribution geological sections in April, 1995 

Fig.2. Fluctuation of monthly precipitation, groundwater level, and electric conductivity at A5 station 

EC value increased rapidly when the groundwater level decreased below 187.4 meter above sea level 
(Dead Level) at A5 (Fig.2) The iso-potential line of 187 meter in the vicinity of A5 showed an east ward 
direction in April, 1995 so that the flux of the groundwater moved up. On the other hand, the 
equi-potential line of 189 meters showed a westward direction in September, 1995. It is suggested that the 
flux of the groundwater there moves down and when the groundwater level decreases below the Dead 
Line, the flux of upward groundwater may reach the maximum volume. Saline groundwater may rise 
from the underground through the fault crack. 

* Present Address: National Research Institute of Agricultural Engineering 
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-JIRCAS RESERCH HILIGHT- 


Wetwood of Acasia Mangiumu in Malaysia 

Koichi Yamamoto,Othaman Sulaiman* andRokiah Hashim* 

Acacia mangium Willd. is native to North Queensland, Australia. Since it was introduced to Malaysia as 
an exotic species in 1996, it became one of the major plantation species for timber and pulp production. 

A. maungium is a fast-growing tree of good form that grows on degraded soils. Recently the occurrence 
of some defects such as heart-rot and wetwood, however, has been reported. In spite of its importance for 
sustainable timber resources in the future, comprehensive characteristics of A. mangium wood have not 
been fully documented . In this study, the occurrence and characteristics of wetwood were examined to 
analyse the basic wood properties of A. mangium. Forty one trees from 6 sites in Malaysia were 
surveyed. 

Most of the trees except for those in the Byram Forest Reserve had higher moisture contents in the inner 
heartwood than in the adjacent middle or outer heartwood and sapwood (Table 1). Presence of wetwood 
in tropical plantation wood species has not been reported yet. In most of the tree species the moisture 
content is lower in heartwood than in sapwood. An increase in moisture in the heartwood region is 
usually referred to as wetwood, which corresponds to an abnormal type heartwood caused by decay or 
wound. In most cases in A. mangium, wetwood was free of decay, which was confirmed by light and 
scanning electron microscopy. Only one sample in Rawang displayed heart-rot in the inner heartwood. 

The density of wood near the pith is lower than in the surrounding outer heartwood. These result suggest 
that in A. mangium juvenile wood occurs near the pith. The lower density in juvenile wood leads to a 
higher moisture content, as wood with a lower density can retain more water. Difficulty in drying A. 
mangium could be related to the high moisture content in heartwood. 

Fig.l. Radial distribution of potassium content of A. mangium stem from 4 different sites (Bidor, Byram, 

Kota Kinabalu and Rawang). Maximum values were always detected in the outermost sapwood and then 

decreased toward the sapwood-heartwood boundary. No obvious variations were observed in the 

heartwood. Arrows show the boundary between sapwood and heartwood. 

Table 1. Average moisture contents(%) of A. mangium at various sites 

As a close relationship between inorganic element concentration and moisture content in wetwood has 
been described in the literature, the distribution of inorganic elements in this species was investigated. 
Radial distribution of 4 major elements alkali metals and alkaline earth metals from sapwood to 
heartwood in stem was analysed using inductively coupled plasma spectroscopy. Wood specimens from 
4 plantation sites, showed a similar pattern of K and Mg distribution. The concentration of K and Mg 
decreased gradually from the outer sapwood toward the outer heartwood, and did not show significant 
variations within the heartwood (Fig.l). Radial distribution of Na and Ca did not show any obvious 
trend. All of the samples displaying wetwood (Rawang; March 96 and Bidor) or not displaying wetwood 
(Byram; Dec.95 and Kota Kinabalu; Jan 97)generally showed a lower content of total inorganic elements 
in heartwood than in sapwood. The close relationship between inorganic element concentration and 
moisture content was described in wetwood of temperate species, but had not been recognized in A. 
mangium. The characteristics and origin of wetwood may differ between temperate and tropical species. 
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Wetwood of Acasia Mangiumu in Malaysia 

Based on the results of decay and inorganic element concentration, wetwood occurring in A. mangium 
was considered not to be an abnormal type of heartwood, wetwood seems to be an intrinsic characteristic 
of A. mangium. The origin of water in wetwood of A. mangium should be clarified in the future. 

* School of Industrial Technology, Universiti Sains Malaysia, 11800 Penang, Malaysia 
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The First Collaborative Research Project of JIRCAS in Central Asia 

-Studies on Grassland Management in Kazakhstan- 


Kenji sato 

Central Asia is one of the new research areas targeted for collaboration with JIRCAS Kazakhstan which is a pasture (steppe) country and the 
largest country (about 2.71 million Km 2 ) in Central Asia is famous for the steppe and Oasis Silk Road. In this country, the new JIRCAS 
collaborative research project with the Kazakh Institute of Agriculture (KIA) started from July 1996. KIA is located in the southeastern part 
of Kazakhstan near the capital city of Almaty. 

Our project has two objectives: 1) development of technology for sustainable management of grassland and 2) development of technology for 
sustainable animal production. Research contents are as follows: 

1) Development of technology for sustainable grassland management 

(a) Evaluation of grassland vegetation based on vegetation maps and field surveys 

(b) Monitoring of grassland production in relation to animal grazing 


(c) Identification of indigenous herbages tolerant of drought and cold stress 

(d) Analysis of soil characteristics related to grassland production 

(e) Technology for restoring degraded grasslands by the introduction of suitable forage crops 



Photo 1: Resting after survey in the steppe near Kirghistan Photo 2: Boys riding on a horse in the steppe of Kazakhstan 


2) Development of technology for sustainable animal production 

(a) Analysis of genetic characteristics and biological function of indigenous animals 

(b) Effective utilization of supplemental feeds for animals 

(c) Development of methods for estimation of milk and meat quality and quantity 

(d) Market survey for animal products 

We are currently attempting to improve degraded areas into ecologically sound pastures using the oversowing method (including seed pellets) 
which does not require cultivation for the establishment of forage crops. This year, we plan to analyse the relation between soil fertility and 
grass production on the steppe as well as to improve the degraded steppe using seed pellets and to investigate the changes in the 
socio-economic structure of agriculture within the framework of our project. 
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New Varieties of Cucumber and Strawberry Resistant to Diseases China 

Keita Sugiyama* 

Under the collaborative project on "Breeding of disease resistant vegetable in sub-tropical China,1991-1995" between the Shanghai Academy 
of Agricultural Sciences, People's Republic of China and JIRCAS, new varieties of cucumber and strawberry resistant to diseases were 
eventually developed in China. 

1) New cucumber varieties 'Hu 116' and 'Hu 119' 

'Hu 116' (photo 1) was found to display a high level of resistance to Fusarium oxyporm sch. f. sp. cucumerinum and Pseudoperonospora 
cubensis Rostowzew both in laboratory tests and in the field. 'Hu 16' bears many female flowers and its yield is about 10 to 15% higher than 
that of 'Sinkofushianri 11'. The fruit length is about 21 to 24 cm. 

The skin is deep green with few nodules and spines. 'Hu 119' exhibits a similar degree of resistance to F. oxyporum and P. cubensis to that of 
'Hu 16'. Although 'Hu 119' shows a lower female flower bearing capacity than 'Hu 116', stable harvest can take place during the growing 
period. Like in the case of 'Hu 116', the fruit quality is good. 

'Hu 116' and 'Hu 119' are adapted to semi-forcing culture all over the Shanghai area as will as in the Jhejiang, Jiangsu, Shandong, Sichuan 
areas, etc. 



Photo 1: Hu 116' 


2) New strawberry varieties 'Shenxu No. 1' and 'Shenxu No. 2' 

The total yield of 'Shenxu No. T until April was higher than that of 'Toyonoka' or 'Hokouwase'. The fruit is large, about 1 l-14g, conic in 
shape with a shiny scarlet skin. The Brix value of the soluble solids in the fruits ranged for 8 to 10. Since the flesh is firm and the skin is 
hard, this new variety is suitable for transportation. 'Shenxu No.2' (Photo 2) is a very early variety .The harvesting season of 'Shenxu No. 2' is 
earlier than that of 'Toyonoka'. The fruit is large, about 10-11 g in weight, conic in shape with a very shiny scarlet skin color. The fruit is very 
sweet, moderately sour and very juicy, with a good taste. 

'Shenxu No.l' and 'Shenxu No.2' display a higher resistance to Colletotrichum acutatum Immonds and C.fragariae Brooks than 'Hokuwase' 
'Shenxu No.l' and 'Shenxu No.2' are adapted to forcing culture all over the Shanghai area. 

* Present Address : Kurume Branch, National Research Institute of Vegetables. Ornamental Plants and Tea 
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Shigeo Yashimma, irigation engineer, replaced Dr. Tadaaki Yamashita as Director of JIRCAS's 
Okinawa Subtropical Station on July 3. He was until recently Head of International Collaboration 
Research Section at the Station. Dr. Yashima carried out research as international staff at the 
International Irrigation Management Institute (IIMI) during the period 1992-1996, after being engaged in 
a collaborative research project between Muda Agricultural Development Authority (MADA), Malaysia 
and the predecessor of JIRCAS, the Tropical Agriculture Research Center (TARC) during the periods 
1971-1974 and 1979-1984. 

Kozo Fujisaki, former International Research Coordinator of JIRCAS on August 1 and became 
professor at Obihiro University of Agriculture and Veterinary Medicine. He was in charge of the 
planning and coordination of the collaborative projects involving research on grassland, animal 
production and health, and was in launching the project for the "Development of Sustainable 
Agro-pastoral Systems in the Subtropical Area of Brazil". 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no.l2/9.html [10/7/2002 8:56:09 PM] 



<Topics> 

<Topics> 


Dr. Maeno, DG of JIRCAS Attended CGIAR Mid-Term Meeting 1997 

Dr, Nobuyoshi Maen, Director General, JIRCAS atended the CGIAR (Consultative Group on International Agricultural Research) Mid-Team 
Meeting which was held in Cairo, Egypt from 26 May to 30 May. 

The meeting started with opening remarks by H. E. Youssuf Wally, Deputy Prime Minister of Egypt. In the remarks Professor Wally 
expressed his full support for the work of the CGIAR and its importance to developing countries. 

The main theme of the meeting was the presentation of the Centers' Medium Term Research Plans (MTP) for 1998-2000. To deepen the 
discussion about the individual centers' MTP, each was considered in parallel session. In the sessions of IRRI (International Rice Research 
Institute) and WARDA (West Africa Rice Development Association), Dr. Maeno was designated as the chairperson and he emphasized the 
importance of rice production in the world and introduced the cooperation activities between both centers and JIRCAS. 

During the meeting, Dr. Maeno and Dr. Pedro A. Sanchez, Director General, ICRAF (International Center for Research in Agroforestry) 
signed the MOU between ICRAF and JIRCAS. He also discussed future collaborative activities with the directors general of other centers. 



Photol: Parallel sessions of IRRI and WARDA (The third person from left: Maeno) 

The meeting ended with the endorsement of MTPs and reached an agreement that the centers should further promote biotechnology research. 

On his way back from Cairo, Dr. Maeno stopped in Rome and visited IPGRI (International Plant Genetic Resources Institute) and FAO to 
exchange opinions about the possibility of collaboration in the field of preservation of plant genetic resources and prevention of cattle 
diseases. 
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JIRCAS International Symposium was Held in Tsukuba 


JIRCAS International Symposium was Held in Tsukuba 


The 4th JIRCAS International Symposium on " Sustainable Development Compatible with Environmental 
Conservation in Asia" organized by Japan International Research Center for Agricultural Sciences (JIRCAS)in 
cooperation with the National Agriculture Research Center (NARC), National Institute of Agro-Environmental 
Sciences (NIAES) and National Research Institute of Agricultural Economics(NRIAS) was held in Tsukuba during the 
period 26-28 August,1997. From 15 countries,214 scientists and administrators, including 27 from abroad, met together 
and exchanged views on the current situation of and future prospects for sustainable agricultural development in Asia. 
Mr.Sakue Matsumoto, Chairman, Agriculture, Forestry and Fisheries Research Coucil gave the welcome address. A 
keynote speech was delivered by Dr. George Rothschild, Director General of IRRI and 16 papers were presented in the 
three sessions. The proceedings of the symposium will be published by JIRCAS. 



Photo 1: General discussion at the symposium. 

From right to left: Wen S. Chern (Institute of Economics, Taiwan), chairman of sessionl, 
Dennis Keeny(lowa State University, USA)chairman of session 2, Osamu Ito (IRRI, 

The Philippines), chairman of session 3, Kunino Tsubota (JIRCAS, Japan),chairperson, William 
Coyle (Department of Agriculture, USA), general comments, Keiji Oga (JIRCAS Japan), 
general comments 
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Woman Peladang Jaya in Selangor is operating a coffee shop for farm works near the fields(photo:by 
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<Project Report> 

Comprehensive Studies on Soybean Improvement, Production and Utilization in 
South America 

Makie Kokubun 


Soybean, Glycine max , is considered to be one of the major crops for human life, especially as oil resource for human consumption and as protein resource 
for livestock feed. The increase of soybean production has been very rapid compared with that of other major crops for the last three decades (Table 1) and 
the continuous growth is considered to be very important for the stabilization of the world food supply. 

Soybean production in South America, mainly in the MERCOSUR countries such as Brazil, Argentina and Paraguay, accounts for approximately one-third 
of the total world production (Table 2), and thus the MERCOSUR countries play a major role as leading soybean export countries. However, soybean 
production in South America has been mostly carried out under environmentally vulnerable conditions such as arid, acid soils with low fertility level. Also, 
the history of soybean production in these countries is relatively short since cultivation was initiated on a large scale only in the 1960s. It is anticipated that 
in future growth retardation due to continuous cropping, outbreaks of diseases and pests and soil erosion may adversely affect soybean production in this 
area. Therefore, research efforts focused on the development of sustainable and more efficient systems of soybean production in South America should be 
promoted to address these constraints. 

Photo 1: Soybean field in Paraguay (January, 1997) 

Japan has a long history of soybean cultivation and its use as material of traditional foods. Until now, soybean research in Japan had played an important 
role worldwide along with the results stemming from research applied in several collaborative research projects implemented by JIRCAS and JICA (Japan 
International Cooperation Agency). In Brazil, JIRCAS initiated in 1996 a research project entitled “Comprehensive Studies on the Development of 
Sustainable Agro-Pastoral Systems in the Subtropical Zone of Brazil” in which soybean will be the main crop for the development of mixed, 
multiple-cropping systems. Also, the Centro Tecnologico Agropecuario en Paraguay (JICA-CETAPAR), which was established in 1962 for extending 
technical assistance to the Japanese immigrant farmers in Paraguay, is now engaged in studies for the dissemination of no-tillage cultivation system of 
soybean in the fertile area covered with Terras Roxas soils in Paraguay and neighboring countries for sustainable production. 

The JIRCAS’s new research project entitled “Soybean Improvement, Production and Utilization in South America” places emphasis on the following 
characteristics, 

(1) Multidisciplinary studies on soybean production and utilization in South America through the collaboration of researchers from Japan and South 
American countries. 

(2) Promotion of collaboration with JICA, and selection of CETAPAR as one of the research sites of the project. 

Research areas for implementation include, 

1. Genetics and breeding, 

2. Soil management and pest control, 

3. Crop management and production, 
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4. Postharvest technology, 

5. Socioeconomic aspects. 


Research organizations expected to participate in the project are institutes affiliated to EMBRAPA (Empresa Brasileira de Pesquisa Agropecuaria, Brazil) 
and to INTA (Instituto Nacional de Tecnologia Agropecuaria, Argentina), and CETAPAR. The project will be implemented during the period 1997-2006. 


Table 1. Cultivated acreage, yield and production of major crops in the 1962-1992 period 


Plantedacreage 
(million ha) 


Yield Production (million tons) 

(tons/ha) 


Crop 

1962 

1992 

1962 

1992 

1962 

1992 

(‘92/’62) 

Rice 

119 

147 

2.0 

3.6 

242 

525 

217% 

Wheat 

203 

220 

1.2 

2.6 

237 

564 

238 

Corn 

103 

132 

2.1 

4.0 

214 

526 

246 

Soybeans 

27 

55 

1.2 

2.1 

31 

114 

368 


Source: FAO Production Yearbook, 1963, 1993 


Table 2. World soybean production (10,000 tons) by region 
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Year 


World 


Asia 


North/Central 

America 


1979-81 8,607 1,034 5,620 

1994 13,673 2,237 7,238 

Source: FAO Production Yearbook, 1994 
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South 


Africa 


Europe 


America 


1,801 

33 

62 

3,898 

60 

146 
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Cryopreservation of shoot tips of taro (Colocasia esculenta (L 

Cryopreservation of Germplasm of Tropical Crops 

Hiroko Takagi, Nguyen Tien Think and Pius M. Kyesmu 

Conservation of plant genetic resources has become an issue of common global concern. With increasing numbers of 
accessions requiring ex situ conservation through recent intensive collecting activities, it is important to develop reliable 
techniques for long-term conservation, especially for vegetatively propagated species that are mainly preserved in field gene 
banks. 

Cryopreservation, storage in liquid nitrogen (LN 2 ) at a temperature of (-196°), is the only current method that could provide 
ideal conditions for base collection of vegetatively propagated plant germplasm. In recent years, remarkable progress was made 
in the field of cryopreservation techniques and different plant materials (cells, protoplasts, meristems, embryos, etc.) from more 
than 110 plant species were reported to be adequately stored in LN 2 . Consequently, cryopreservation was recognized as a 
practical, efficient and economical tool for long-term storage of vegetatively propagated plant germplasm. There is a growing 
interest in cryopreservation of crop germplasm in the tropics where species that require clonal maintenance are prevalent. Since 
tropical species are kn own to be more sensitive to chilling, low temperature and desiccation than cold hardy or temperate 
species, cryopreservation of tropical species has not been studied extensively. 

In view of the significance of cryopreservation for plant genetic resources activities, a project on the development of techniques 
for the long-term conservation of vegetatively propagated tropical crops was set up at the Japan International Research Center 
for Agricultural Sciences (JIRCAS). This project aims to develop simple techniques for the efficient and stable cryopreservation 
of shoot tips of several tropical crops i.e. taro, yams and banana. 

Recent progress in cryopreservation has provided potentially valuable cryogenic procedures such as slow freezing, desiccation, 
encapsulation/dehydration, and vitrification. We focused on the vitrification method because the handling of explants by this 
method is relatively simple and the method has been reported to be successful with complex tissues such as meristems rather 
than cells. The principle of the vitrification method is as follows: dehydration of a specimen by exposure to a vitrification 
solution containing a high osmoticum and changes in the conditions of intracellular water as well as penetration of antifreeze 
substances (such as sucrose, ethylene glycol, dimethyl sulfoxide (DMSO), glycerol) in the vitrification solution to promote the 
vitrification of the specimen by rapid cooling in LN 2 . 

Through detailed investigations of the conditions of each procedure of the vitrification method, a protocol for shoot tips of taro 
(Colocasia esculenta (L.) Schott) was eventually optimized (Table 1). The keys for the success were as follows: 1) conditioning 
culture of shoot tip donor plants with high concentration of sucrose (120g/l), 2) selection of shoot tips with proper size and 
developmental stage, 3) preculture of dissected shoot tips with 0.3M sucrose prior to the cryogenic procedure, and 4) loading 
treatment by cryoprotectants at lower concentrations than vitrification solutions. Vitrified and warmed shoot tips obtained by this 
method resumed growth within 7days, developed shoots directly without intermediate callus formation and almost all the shoot 
tips that survived were easily transferred to soil in pots. No morphological abnormalities were detected in the plants developed 
from the cryopreserved shoot tips (Photo 1). The protocol developed was applied to various triploid and diploid taro cultivars 
and post-thaw survival rates of 67-100% were obtained for the different genotypes. 

The protocol for taro was also successfully applied to tannia ( Xanthosoma spp.), banana ( Musa spp.), yams ( Dioscorea 
rotundata and alata ), pineapple ( Ananas comosas ), orchid ( Cymbidium ) with some modifications depending on the level of 
sensitivity of each species to sucrose and vitrification solution. 

Our study demonstrated that cryopreservation of shoot tips by vitrification can be useful for the long-term conservation of 
vegetatively propagated tropical crops. 

Photo 1: 


A) Taro shoots formed from cryopreserved shoot tips by vitrification. Dead shoot tips turned white whereas those which 

survived showed a green color 

B) Taro plants developed from cryopreserved shoot tips by vitrification 


Table l. Protocol developed for cryopreservation of shoot tips of taro by vitrification 
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Cryopreservation of shoot tips of taro (Colocasia esculenta (L 


Stepl: 

Step2: 

Step3: 

Step4: 

Step5: 

Step6: 

Step7: 

Step8: 

Step9: 

SteplO: 


Culture the shoot tip donor plants on Murashige and Skoog medium (MS) supplemented with 120g/l sucrose for 
three weeks (conditioning culture) 

Dissect shoot tips (0.5-0.8mm in length, apical dome + 1-2 leaf primordia) 

Preculture the shoot tips on MS containing 0.3M sucrose for 1 night at 25°C 

Treat the precultured shoot tips with a loading solution [ 2M glycerol + 0.4M sucrose ] for 20min at 25°C 

Expose the loaded shoot tips to PVS2 [ 30%(w/v) glycerol + 15%(w/v) ethylene glycol +15%(w/v) DMSO + 0.4M 
sucrose ] for lOmin at 25°C 

Directly immerse the shoot tips into LN 2 and store 

Rapidly rewarm the cryopreserved shoot tips in a 40°C water bath 

Soak the shoot tips into 1.2M sucrose for lOmin at 25°C 

Reculture the shoot tips on two layers of blotting paper over MS supplemented with 0.3M sucrose 
Transfer the shoot tips to MS containing 0.1M sucrose for regrowth of plantlets 
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Chapter 1: Entrepreneur Farmers in Peninsula Malaysia: 

Entrepreneur Farmers in Peninsular Malaysia: Profile of Peladang Jay a 


Kumi Yasunobu, Wong Foong Yee and Laily Paim 

The new National Agricultural Policy (1992-2010) sealed a new era for the small-holder farmers in 
Malaysia. The emphasis of the new policy is on the commercialization of the small-holder and the small 
"unorganized farmers" sub-sector. To achieve the above objectives, the traditional farmers need to 
become entrepreneur farmers. In our study, we focus on a special exclusive group of farmers, who have 
won the annual title of" Peladang Jay a" or "Successful Farmers", awarded by the Ministry of Agriculture 
as respondents. They were chosen to become role model of modem, innovative, resourceful farmers, for 
others to emulate. They are outstanding individuals when compared to other farmers, nationwide. In our 
evaluation, they are one step nearer to the "entrepreneur farmer" types as envisioned by the policy 
makers, to transform the agricultural sector into a modem commercialized entity. 

The main purpose of the study is to explore the characteristics of a group of leader farmers, who stood 
above the rest of their counterparts nationwide, for which they won the title of" Peladang Jaya" in annual 
competition. From the year 1987 to 1993, out of a total 88 farmers listed, 71 peladang jaya were 
selected; 40 male and 31 female farmers. They were purposely selected to represent all the states in 
Peninsular Malaysia. The respondents were personally interviewed by the researchers. The data 
collection lasted from November 1993 to July 1994. 

In Malaysia, encouraged by the market demand, the enterprising farmers began to diversify their crops 
and farming activities, which include livestock raising and aquaculture. The survey found that the 
peladang jaya were mostly engaged in mixed cropping, except for 20% who were involved in 
mono-cropping paddy cultivation. In paddy cultivation, 14 people were mainly engaged in 
mono-cropping. Others combined the cultivation of paddy rice with other field crops-mostly a 
combination with industrial, and/or with short term cash crops, and fruit orchards. 

The average income of the respondents in the sample was RM42,791 per year. The income was derived 
from earnings from farming and non-farming activities. The proportion earned from farming activities 
was high at 73%. Judging from the average annual income earned, this group of peladang jaya can be 
categorized as middle income group, and a few can be classified as upper middle income group. 

As for the farm and household equipment, the standard of living of peladang jaya was higher than the 
Malaysian average in Agricultural Census. All the farmers owned houses, some of them being relatively 
large and comfortable, fully equipped with the basic necessities and utilities such as piped indoor water 
and toilets, when compared to the farmers in their respective villages. Almost all the respondents owned 
basic electric appliances such as fan (98.6%), refrigerator (97.1%), television set (100%) and radio 
(95.7%). All except 2 of the respondents used a LPG stove for cooking and 88.6% owned sewing 
machines. Seventy nine percent of the farmers •Ehouseholds owned washing machines while slightly 
more than two-thirds had telephones. It is noteworthy to observe that almost one-third (32.9%) owned 
Kubota/2 wheel tractors, while another 10% big tractors. 

By applying principal component analysis, seven factors that represent the attitude of the peladang jaya 
were identified as follows: 
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Chapter 1: Entrepreneur Farmers in Peninsula Malaysia: 

Factor 1: "work eagerness" 

The respondents were diligent in conducting farming job. Once they faced a problem, they attempted to 
solve it. 

Factor 2: "good planning" 

They recognized the importance of planning and realized that their effort leads to success. In other 
words, they attributed their success mainly to proper planning. 

Factor 3: "challenging" 

They realized the importance of recording and they showed challenging spirits. They knew what action 
should be taken to resolve a difficulty without other people’s help. Factor 4: "self-confidence" 

They considered that the ability to manage is much more important than physical involvement. They also 
carried out the project because they had a great deal of knowledge and experience. 

Factor 5: "cautiousness" 

The respondents were able to consider risk. 

Factor 6: "resourcefulness" 

The respondents knew where and how to seize the opportunities required to improve their farming. 

Factor 7: "information seeker" 

In summary, they were not only eager to collect information but also did not hesitate to ask people to get 
more information. These 7 factors accounted for approximately 75% of the variance. 

Based on the analysis and interview observations, following three major characteristics can be pointed 
out for the leading farmers: 

1) They made utmost efforts to increase their income. Besides farming they held various side-jobs in 
small industry or were engaged in large scale business. 

2) They were interested in the new technologies including machinery, chemicals and new varieties. They 
planted the crops which other farmers in the area did not use. They easily adopted new projects. 

3) They had acquired a knowledge and/or experience of farm management practices. Almost all the 
respondents participated in courses and seminars. 

It is noteworthy that even though their educational background was not high, they were eager to gain 
useful information pertaining to farm management as much as possible. Their formal educational 
attainment varied from none to 6 years (elementary school level). Some of the respondents who did not 
have formal education attended “/w«doA;”(religious school) in the village. 

Besides being actively involved in farm and non-farm activities, the respondents were also engaged in 
social activities, such as group farming projects, agricultural associations, religious groups, village 
committees, etc. They joined not only as members, but held important positions like head, deputy and 
committee member, implying that they are playing an important role as leaders in their community. 
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Photo 1: Interview of Peladang Jaya in Pahang 

Photo 2: A woman peladang jaya who has a retail lot in the market besides the production of vegetables 

(Pahang) 

Photo 3: Peladang Jaya involved in food processing (chilli sauce) after working in the field (Johor) 

Fig. 1. Map of Peninsular Malaysia and location of the respondents' house 
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Sugarcane as a roughage for cattle feeding 


“Sugarcane Stalk* Can Be a Good Roughage for Dairy Cattle in the Dry 
Season 


Tomoyuki Kawashima 

Dairy production has been developed in the temperate and cool zone. The feeding system adopted in this 
area is generally based on preserved roughage such as hay and silage. This system requires large 
machinery with a large scale of operation. On the other hand, dairy production has been newly 
introduced into monsoon and savanna zones in the tropics. Generally speaking, dairy production in this 
region is characterized by a small scale of operation and manpower system. In this system, hay or silage 
making has not yet been practically implemented. Farmers are very much relying on rice straw as a 
roughage in the dry season (Photo 1). Low nutritive value of rice straw limits further improvement of 
production. And collection of rice straw is a labor/time-consuming work, which is another constraint. On 
the other hand, sugarcane has unique characteristics. It can produce a large amount of biomass and stand 
until the end of the dry season without withering, which allows farmers to cut it when necessary without 
the need for preservation. The use of sugarcane stalks (Photo 2 and 3) as a roughage for cattle has been 
examined in Northeast Thailand. 

A metabolic trial by using Brahman cattle was carried out in order to determine the content of 
metabolizable energy in sugarcane stalks, which amounted to 9.05 MJ/kg. It was estimated that 
sugarcane can supply nearly 3 times the level of metabolizable energy per ha than that that by ruzi grass 
which is the major grass produced in the region. 

Sugarcane stalk can be divided into an easily soluble fraction, i.e. sugar, and hardly degradable fraction, 
i.e. bagasses. The turnover rate of digesta from the rumen was compared between the cattle given either 
ruzi grass hay or sugarcane stalks. While the liquid phase outflow was faster in the cattle given sugarcane 
stalks than in those given ruzi grass hay, the solid phase outflow was slower in the cattle given sugarcane 
stalks (Table 1). It was considered that bagasses remained in the rumen for a long period of time without 
degradation, which would suppress feed intake. Although sugarcane stalks have a relatively high 
metabolizable energy content, cattle can not consume a sufficient amount of sugarcane stalks to satisfy 
their energy requirement. Therefore, cattle must be given concentrate feed to fulfill not only the protein 
but also the energy requirement. 

Feeding trial was carried out using milking cows owned by a private dairy farmer in order to examine the 
use of sugarcane as a roughage for milking cows. Milking cows were given either only rice straw ad 
libitum or chopped sugarcane stalks plus rice straw ad libitum. Both groups were also given commercial 
concentrate feed whose amount was determined by the farmer based on the cow’s body condition as well 
as milk yield. Milk production tended to be higher in the cows given sugarcane stalks than those given 
only rice straw in spite of the lower total DM consumption. Protein content in the milk of the cows which 
received sugarcane stalks was significantly higher than that in the milk of cows given rice straw. It was 
considered that the energy supply was increased by supplying sugarcane stalks, which affects the 
improvement of the protein content in the milk, while energy supply was not sufficient when only rice 
straw was given to cows. 

Sugarcane stalks can be a good roughage for milking cows in the dry season provided that they are 
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Sugarcane as a roughage for cattle feeding 

supplemented with proper protein and energy sources. 


Table 1. Turnover rate of liquid and solid phase in rumen, and liquid volume of cattle given ruzi grass 

hay and sugarcane stalks 

Photo l:Popular feeding system characterized by the use of dry season rice straw. 

Photo2:Cattle are found of chopped sugarcane stalks which should, however, be supplemented with 

energy and protein sources. 

Photo3:Chopped sugarcane stalks. 
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Table 1 

Table 1. Turnover rate of liquid and solid phase in rumen, and liquid volume of cattle given ruzi 
grass hay and sugarcane stalks 


Feed 

Turnover rate of 

Liquid volume 


Liquid 

Solid 



% hour 

% hour 

1/BW 0 - 75 

Ruzi grass hay 

10.8 

4.17 

0.557 

Sugarcane stalks 

16.3* 

2.61* 

0.335 

MSE 

1.7 

0.50 

0.091 


*: Significant difference (p<0.05) 
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Cereal crops are the most important sources of food 


JIRCAS Fellows in Okinawa 


Response of Lowland Rice to Inoculation with Plant Growth-Promoting 
Rhizobacteria (PGPR) and Their Culture Supernatants 



Dr. Hussein M. El-Khawas 
Department of Microbiology, Faculty 
of Agriculture, Cairo University, Giza , Egypt 


Cereal crops are the most important sources of food. In particular, rice is the major food for more than 
one-third of the world population. Many plant growth-promoting rhizobacteria (PGPR) have been 
isolated from cereal crops and demonstrate the ability to promote plant growth under different growth 
conditions. Various free-living nitrogen-fixing bacteria are considered to be PGPR, including 
Azospirillum and Klebsiella species. These nitrogen-fixing microorganisms also produce growth 
regulators such as auxins, several gibberellins and cytokinins. Therefore, the aim of my study at the 
JIRCAS International Collaboration Research Section (ICRS) is to identify and quantify auxins, 
gibberellins, and cytokinins in culture medium of Azospirillum and Klebsiella strains and to determine 
their effect on the development of rice roots. In addition, the study will also focus on the response of rice 
seedlings to inoculation with different PGPR strains. The practical use of such PGPR bacteria may 
enable to save chemical fertilizers. 
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JIRCAS Fellows in Okinawa 


Physiological, Biochemical and Genetic Characterization of Salinity 
Tolerance in Rice 



Dr. Safdar Hussain Shah 
Agricultural Research Station 
Dhodial Mansehra, NWFP,Pakistan 


Generally plants experience some kind of stress during the various stages of growth. Salinity is a 
widespread stress occurring worldwide which limits the yield on 30% of the total land. The 
ever-increasing salinity-affected area coupled with the decreasing soil resources, dwindling fresh water 
availability and increasing demand for food requires that plant scientists develop a biological strategy 
(breeding crops for saline areas) to complement the technological strategy (reclamation and drainage, 
etc.) for intensive and extensive agriculture. Salinity exerts diverse effects (osmotic, toxic and ionic 
imbalance) on plants/cells and tolerant genotypes are expected to have more than a single adaptation 
simultaneously. 

My collaboration at JIRCAS Okinawa Subtropical Station aims to identify and characterize the salinity 
markers in rice that are associated with the osmotic component (cytosolute accumulation) and toxic 
component (modifications of membranes) of salt tolerance by studying the cation co-tolerance 
phenomenon through the selection of cell lines tolerant to LiCl (toxic effect), PEG (osmotic effect) and 
NaCl (osmotic+toxic effects). This may lead to the elucidation of the components of salinity tolerance in 
rice that could contribute to the characterization of salt tolerance and development of salt-resistant plants 
by biotechnological techniques in conjunction with classical breeding methodology. 
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JIRCAS Fellows in Okinawa 


Studies on the Relationship between Salinity Tolerance and Cold Tolerance 
at the Booting Stage of Rice (Oryza sativa L.) 



Li Chengyun 


Yunnan Academy of Agricultural Sciences, People's Republic of China 


Drought, cold, heat and salt stress all induce dehydration in plants and it is well known that the panicle 
initiation stage is a very sensitive stage both to cold and salt stress in rice. It has been reported in the 
literature that a number of genes respond to dehydration as well as to low temperature and high salt stress 
at the transcriptional level. These results indicate that there may be some common physiological 
characteristics between salinity and cold tolerance, especially at the booting stage. Although tolerance of 
rice varieties to salinity and cold has been studied by many researchers, salt tolerance was mainly studied 
at the seedling stage and cold tolerance at the booting stage. Therefore, 30 rice varieties showing a wider 
variation in cold tolerance will be utilized in this study for the development of salinity tolerance. The 
effect of salinity on the percentage of seed setting, mean grain weight, grain yield, protein and amylase 
content in brown rice, in vitro pollen germination, Na + accumulation in roots, old leaves and flag leaves 
will be investigated. The results may enable to clarify the mechanism of cold and salt tolerance in rice 
plant. 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no. 13/7.html [10/7/2002 8:56:41 PM] 


JIRCAS is assigned to contribute on development of the agricultural technology for developing countries 


Workshop on Heat Tolerance of Crops 

- October 7&8,1997 JIRCAS Okinawa Subtropical 
Station - 

Takaharu Hayashi 


JIRCAS is expected to contribute to the development of agricultural technology for developing countries. 
One of the divisions of JIRCAS, Okinawa Subtropical Station (OSS) was established to promote 
agricultural research under a subtropical environment. Thus, heat tolerance of crops is a major research 
activity at OSS. The Workshop on Heat Tolerance of Crops held at OSS aimed at two objectives. One 
was to review previous research output from OSS and the other was to devise new strategies for 
developing techniques for improving heat tolerance of crops including mitigation of heat stress and heat 
tolerance. 

The workshop was held for two days from Oct. 7 to Oct. 8, 1997 at OSS under the sponsorship of 
JIRCAS. Prof. Anthony Hall from the Department of Botany & Plant Science, University of California 
and Dr. George Kuo from the Asian Vegetable Research and Development Center were invited as 
keynote speakers. Dr. Ishige from JIRCAS Headquarters was also invited as commentator and chairman 
of the general discussion. A total of 28 researchers including OSS staff members participated in the 
workshop. 

On the day first, Dr. Kuo, Director of Crop Improvement Program, gave a presentation on “Vegetable 
improvement of heat tolerance under tropical conditions” and Prof. Hall gave a presentation on “Positive 
and potential negative effects on crop of Heat Tolerance Genes”. Following the keynote speeches, six 
researchers from OSS including three visiting scientists from JIRCAS Visiting Research Fellowship 
Program ’97 presented their research outcome. On the second day, five researchers outlined future 
strategies for studies of heat tolerance of crops at OSS. Participants exchanged views on the progress of 
heat tolerance studies and confirmed the importance of such studies. In the last part of the workshop, Dr. 
Ishige, chaired the general discussion. During the workshop, questions, were raised and discussions and 
comments took place. The workshop may enable OSS to devise new strategies for developing techniques 
for improving heat tolerance of crops in the future. 


Photo : Participants in the workshop 


http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no.l3/8.html [10/7/2002 8:56:42 PM] 



http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no.l 3/8-1 .JPG 



http://ss.jircas.affrc.go.jp/kanko/newsletter/nl1997/no.13/8-1.JPG [10/7/2002 8:56:43 PM] 



The 5th JIRCAS International Symposium 


Preliminary Notice for The 5th JIRCAS International 
Symposium 

“Postharvest Technology in Asia - For a Stable Supply of 
Food Products - ” 


The symposium on “Postharvest technology in Asia - For a stable supply of food products organized 
by the Japan International Research Center for Agricultural Sciences (JIRCAS) will be held in Tsukuba, 
Japan during the period of September 9-11, 1998. 

In Asia, agricultural research so far has been mainly centered on the improvement of crop production 
itself to achieve self-sufficiency in food in order to support the growing population of the respective 
countries. It is anticipated that, in the near future, the food supply problems will become more complex 
as patterns of food consumption become more diversified in the region along with the increase of income 
and societal development. 

“Postharvest technology”, which encompasses issues ranging from harvesting methods in farmers’ fields 
to food processing, should be more emphasized to prevent crop losses, to utilize agricultural products 
efficiently and to meet the changes in the food demand. 

Recognizing the importance of “Postharvest technology”, this symposium will attempt to highlight the 
main priorities, constraints and perspectives in the field of postharvest technology. Three sessions with 
invited speakers will cover the following themes: 

Session 1: Main priorities and constraints relating to postharvest technology in Asia 
Session 2: Perspective of technology for grain storage and preservation in the tropics 
Session 3: Development and orientation of technology for food industries in Asia 


For detailed information 
Dr. Hiroko Takagi 

Research Information Division Japan International Research Center for Agricultural Sciences (JIRCAS) 
1-2, Ohwashi, Tsukuba, Ibaraki, 305 JAPAN 
FAX: +81-298-38-6342 

E-mail: sympo@jircas.affrc.go.jp (effective from January, 1998) 
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JIRCAS Newsletter 1996 (Vol.4 No.1) 



Contents of No.1 


• Orientation of Research Activities 

• Current Studies at Forestry Division 

• JIRCAS Research Highlights Mycorrhizal Fungi Ocurring in Indonesian Dipterocarp Forests 

• JIRCAS Research Highlights Population Dynamics in Fields with Cruciferous Vegetables and to 

Insecticides of the Diamondback Moth, Plutella xylostella 

• JIRCAS Research Highlights Construction of a Map Database for Resources Management and 

Application 

• JIRCAS Research Highlights Genetic Background of Tetraploid Vigna Species, V.glabrescens 

• Desert Locust in Africa 

• JIRCAS News 

• Research Project in the Mekong Delta JIRCAS News 

• Visit to Brazil by Chairman of AFFRC 

• Rural Development in Indonesia 

• New Research Area : Cote d'Ivoire and WARD A 

• Collaborative Research at CIP-Quito 
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Latest Research Topics in the Crop Production and Postharvest Technology Division 
-With Emphasis Placed on Crop Protection- 

Dr. Koji Kawashima 

Director, Crop Production and Postharvest Technology Division 

The Crop Production and Postharvest Technology Division is expected to cover various agricultural 
research fields such as the production of paddy rice, upland crops and fruit trees, plant protection, weed 
control, cultivation of cash crops, irrigation and drainage, agricultural engineering, postharvest 
technology, agricultural economics, etc. 

At present there are 17 researchers in the Division including nine in the field of plant protection, two 
each in the fields of paddy production, irrigation, and postharvest technology, one each in the fields of 
upland crop production and agricultural economics. Out of 17 researchers, ten were dispatched abroad 
for collaborative research and seven are carrying out research in Japan. 

Some of the collaborative research studies conducted abroad in this Division will be described, with 
emphasis placed on plant protection. 

1. Study on the Biology and Control of Leaf Cutting Ants (collaborative research with Universidade 
Estadual Paulista, Campus de Botucatu, Brazil) 

In the tropical and subtropical areas of the North and South American continent, leaf cutting ants attack 
almost every crop including pasture crops. Especially in Brazil, along with deforestation, the area of leaf 
cutting ants has expanded recently, including species that didn't used to be serious so far. Leaf cutting 
ants mow a large volume of plants that are stored in the nest underground to produce their food, a special 
kind of •gmushroom»h. In order to eradicate the ants, poisonous feeds are scattered or strong pesticides 
are applied into the underground nest. However, since these methods are not as effective as expected and 
furthermore they bring about environmental pollution, alternative methods of control are being studied. 

A JIRCAS researcher has succeeded in raising ants for more than six months for the first time under 
artificial conditions in the laboratory. Then he selected the leaves which the insects prefer and sprayed 
them with pesticides so that the insects would take them into their nest. It was interesting to note that 
after the leaves were heated at 12(>Z and that some components were removed, the ants consumed such 
leaves, suggesting that preference for a kind of leaves depends on the presence or absence of a repellent. 

2. Biorational Control of Desert Locust (collaborative research with ICIPE, Kenya) 

Even since the prehistorical era until now in North Africa, mainly in Sudan and Ethiopia, large swarms 
of locusts have occurred with occasional migration to eastern and western areas, resulting in serious 
damage to agricultural products and pastures in these areas. 

To eradicate the desert locust, large amounts of various chemicals have been sprayed by airplane but due 
to the adverse impact on the environment alternative ways that are environmentally friendly are being 
sought. 

A JIRCAS researcher is studying the effects of insect hormones and pheromones on the behavior of the 
locusts. These substances disturb the insect physiological behavior-oviposition, aggregation, sexual 
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attraction, resulting in the decrease of locust survival. It was observed that when a hormone (NC-184) 
was applied to young (3rd to 4th instars) or adult locusts, the body color became darker and the duration 
of the 5th instar was prolonged. Induction of abnormal sexual behavior of young locusts by the hormone 
may enable to control the desert locust. 

3. Ecological Studies on Long Distance Migrating Planthoppers 
(collaborative research with Chinese Rice Research Institute, China) 

Planthoppers are among the most serious insects for paddy rice in the monsoon area in East Asia. Since 
in Japan and in most of China planthoppers can not survive during the winter season, it is considered that 
outbreaks are due to the migration of a large number of insects from other areas. Ecological studies are 
essential to develop an accurate method for the forecasting and the control of planthoppers. 

A JIRCAS researcher is staying in Hang Zhou, South China. He is investigating the immigration, 
multiplication and emigration of planthoppers in the paddy area of the southern Yangzi Jiang river and 
also the relation between the weather conditions and the behavior of the insect for migration. It has been 
reported recently that the»@population of the white-backed planthoppers has drastically increased. The 
reason for the increase is being investigated. Ecological studies on planthoppers during the winter season 
are also being carried out in the coastal area of South China. Genetic diversity of planthoppers is being 
traced geographically to clarify the center of origin of this insect. 

4. Integrated Research on the Control of Biotic Agents in Rice Production (collaborative research with 
MADA and MARDI, Malaysia) 

Alor Setar area in North Malaysia is the major rice granary in Malaysia. In the 1980s direct seeding of 
rice rapidly spread to this area due to labor shortage and it was gradually observed that direct seeding 
was associated with the growth of biotic agents, i.e. weeds especially during the first dry direct seeding 
season. Two JIRCAS researchers are carrying out studies on rice cultivation and weed control. In order 
to avoid weed hazard, it is recommended to sow an early variety of rice just before the onset of the rainy 
season. For this purpose some rice varieties have already been selected. 

For some of the main weeds, seed production, survival rate of seeds in soil and chemical tolerance are 
investigated. Recently it has been observed that weedy rice was a serious weed. Morphological and 
ecological studies are being conducted to develop methods of control of this weed. 

Photo 1: Leaf cutting ant 
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Performance of load made urea molasses block in Malaysia 


Production of Urea Molasses Blocks for Ruminant Animals in Malaysia 

Akinori Oshibe, M. Wan Zahari and M. S. Nor Ismail 

Despite the abundance of various agricultural by-products, Malaysia is still a net importer of feed 
ingredients with an estimated value of more than M$ 500 million annually.*@ By using molasses, urea 
and other ingredients as supplements,*@these materials can be made into urea molasses block (UMB), a 
promising and practical feed supplement for ruminants. Recently, a suitable UMB formula using efficient 
processing technology has been developed at the Malaysian Agricultural Research and Development 
Institute (MARDI) for semi-commercial UMB production through the collaborative work between 
MARDI and JIRCAS. This paper reports on the method of UMB processing and its effects on the 
performance of ruminants. 

We designed a UMB processing line that consists of an ingredient conveyance system, weighing system, 
a cutter mixer, a vertical twin shaft mixer and a single horizontal shaft mixer. A procedure that could be 
handled by a small number of operators and required a short time was developed. More than fifty 
formulae were examined based on the mixing efficiency, speed of solidification and palatability for 
animals. The composition of the formulae associated with a good palatability is shown in Fig. 1. 
Performance of the lambs was used as a criterion for the evaluation of the UMB. Fifteen lambs (mean 
live-weight 17.3 kg ) were randomly divided into three groups. The first group which acted as a control 
was fed oil palm frond silage (containing 6% crude protein) ad libitum. The second and third groups 
received a similar type of diet supplementation with either imported UMB or locally made UMB 
(WZ42D), respectively. Changes in live weight and UMB intake were recorded weekly over the 6-week 
period of the experiment. At the end of the experiment, the total intake of WZ42D was approximately 
five times higher than that of imported UMB (Fig. 2), which may be due to the higher palatability. On the 
other hand, body weight of the control group decreased markedly during the trial (Fig. 3). It was evident 
that low UMB intake was a limiting factor in the use of imported UMB. Intake and live-weight gain of 
the animals supplemented with WZ42D were significantly higher (P<0.05) than those in the other 
groups. Within the conditions of the trial, It can be concluded that the performance of the animals which 
received WZ42D was higher than that of the animals fed imported UMB. 
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Statistical Database System for the World Agriculture, Forestry and Fisheries 


Statistical Database System for World Agriculture, Forestry and Fisheries 
JIRCAS-STAT 


Osamu Koyama 

In order to facilitate analytical work for the planning of research projects and to conduct research related 
to world food demand / supply projections, the Division has constructed a statistical database system 
which enables to handle a large variety of socio-economic time series data in an integrated manner. 

With the database system, the user can look up the data needed by simply selecting the regions, items and 
years. The user can arrange the data in various types of tables. In addition, using the combined software, 
graphical display of the data and statistical / econometric analyses can also be easily carried out. 

Until now, most of the relevant data published by the international organizations had been stored in a 
database with a common format. The database covers yearly statistics related to agriculture, forestry and 
fisheries fields. It also includes general indicators such as population, GDP, land use in addition to the 
data classified by products, e.g. production, trade, food balance sheets, food aid, etc. 

The advantage of this system is that it is user-friendly. As it is based on the Windows operating system, 
the most popular system for personal computers, users do not need to leam any special commands. Due 
to the original approach of transforming a modem relational database stmcture into a stmcture suitable 
for the statistical time series data, the system affords a great efficiency in terms of both processing speed 
and data storage space. 

The system is being used for the preparatory work of the econometric model analysis of the world food 
market carried out by the Division. It has been installed in several locations of the Headquarters of the 
Ministry. Within a year it will also be available through information networks to the remote users in the 
Ministry. In addition, a database system for documents and pictures is being constructed in the Division. 

Photo: JIRCAS-STAT 


Data Stored in the JIRCAS-STAT 
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JIRCAS News 


Topics 

Research Collaboration in Kazakhstan Has Started 

JIRCAS initiated a collaboration with the Kazakh Institute of Agriculture (KIA) for a 5-yr (1996-2000) 
research project entitled: "Development of Sustainable Systems of Grassland Management and Animal 
Production in Central Asia". On this occasion, Dr. Keiji Kainuma, Director General of JIRCAS visited 
Kazakhstan at the beginning of July and signed the Memorandum of Understanding between the Kazakh 
Institute of Agriculture (KIA) and JIRCAS, as the last mission during his tenure at JIRCAS. Under the 
MOU, Dr. Kenji Sato, a pasture agronomist of JIRCAS, will be engaged in the new collaborative project 
at the Institute. The research project is the first to be implemented by JIRCAS in Central Asia. 

Photo 1: Ceremony marking the signature of MOU; Dr. R.«(5)A. Urazaliev (left), DG of KIA and Dr. 

Keiji Kainuma (right), DG of JIRCAS (photo by Dr. M. Oka). 
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From 29 countries all over the world, 220 scientist and administrators L.Tsukuba Dai-ichi Hotel, to discuss the biosafety results of field tests 

International Symposium on the Biosafety Results of Field Tests of 
Genetically Modified Plants and Microorganisms 

Shigeo Matsui 

From 29 countries all over the world, 220 scientists and administrators, including 90 from abroad, in the 
field of biotechnology met together on July 14-17 at Tsukuba Dai-ichi Hotel. It was the "4 th International 
Symposium on the Biosafety Results of the Field Tests of Genetically Modified Plants and 
Microorganisms" which was held as the 3 rd JIRCAS International Symposium at the same time. The 
participants were molecular biologists, plant breeders, food engineers, medical scientists, bacteriologists, 
virologists, geneticists, etc. Some of them are in charge of public acceptance or safety assessment in their 
governments or companies. 

Recently, progress in biotechnology, especially in recombinant DNA technologies, has made the use of 
artificially gene-modified plants or microorganisms common and familiar to us. First gene-modified and 
commercially produced commodity "Flavr Savr" tomato which was released only two years ago is now 
followed for example, by cotton and potato plants with B.t. genes which produce insect-killing proteins, 
herbicide-resistant rapeseed, soybean and com plants, vims coat protein-transferred tobacco and sugar 
beet plants which are tolerant to vims diseases, low ethylene-emitting carnations with long vase life, etc., 
as introduced by researchers from Monsanto, AgrEvo, PGS and Florigene, private companies. Moreover, 
gene-modified bacteria and vimses are being tested for use for bioremediation or to substitute chemicals 
conventionally applied to protect and stimulate crops. The papers presented at the symposium indicated 
that we are reaching a historical point in the era of new agriculture, indeed. 

The effects of these transformed organisms on the eco-systems or on human health require that 
exhaustive field tests be performed. To discuss the results from such tests, the Symposium has brought 
together scientists with a wide range of expertise every other year since 1990, and this year, the 
conference coincided with the rapid increase of releases of genetically modified organisms (GMOs). 

This Symposium was also significant in that it was held in Asia for the first time and leading scientists 
from developing countries were invited to introduce the present situation of the biosafety issues in each 
country. Developing countries really need to develop those new crops to feed rapidly growing 
populations and to minimize environmental stresses and actually they are very eager to use transgenic 
crops, as typically reported by Dr. Chen from China. 

In order to evaluate biosafety, the development of new methods was presented. Allergen proteins from 
MGOs could be detected using IgE antibody-binding assay and immortalized cells, as reported by Dr. 
Lehrer from USA and Dr. Shinmoto from Japan, respectively. Dr. Ramos from Spain showed that the 
containment of recombinant microbes to the site of application was possible by using "suicide genes". 
Environmentally applied microorganisms can be detected by CCD camera if they are bioluminescent, as 
reported by Dr. Dane from USA. Regarding the risk assessment, commercial use of genetically modified 
virus insecticides was discussed by Dr. Wood from USA, and the possibility of natural gene transfer 
from transgenic plants to wild viruses aggravating the disease in crops was discussed by Dr. Tepfer from 
France. 

Most of the speakers admitted that there is little possibility that the genetically modified plants or 
microorganisms will be dangerous to us and our environment. However, it is still essential that proper 
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guidelines should be established and relevant field tests should be performed to confirm the biosafety 
before such organisms are released to the environment. 

At the end of the Symposium, Dr. K. Kainuma, Director General of JIRCAS emphasized in his closing 
remarks that international collaboration is essential to promote the harmonization of biosafety guidelines 
for the development of transformed crops, in particular in the developing regions. He also indicated that 
he was much pleased to transfer his duties to Dr. Willy De Greef, who is accepting the responsibility to 
host the 5th Symposium in 1998 in Belgium. 

Participants obviously enjoyed the opportunity to see each other after an interval of two years and to 
obtain up-to-date information. They also enjoyed the nice foods and beautiful sounds of the koto strings 
during the dinner held on the third evening of the Symposium. 

Ftotgl At the moderator round table of the Symonsiutn. 

Photo2:Prof.Dr.S.Jia, 
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«Project Report» 

Sustainable Agricultural Systems in Northeast Thailand 

Makie Kokubun 

1. Constraints on agricultural development in Northeast Thailand 

As a result of the rapid economic growth in the past decade, the relative economic importance of 
agriculture has remarkably decreased in Thailand. In Northeast Thailand, where the economy largely 
depends on agriculture, income per capita is only one ninth compared to that of Bangkok. Due to the low 
profitability of agriculture in the region, a large outflow of labor force from the region to urban areas has 
occurred, which has led to the shortage of workforce in agriculture, particularly young people. 

Since the 1960s, a large acreage of forest has been cleared to make room for upland fields in Northeast 
Thailand, leading to a reduction of the water-holding capacity and to salt accumulation due to the 
elevation of the groundwater table. In addition, the deforestation of sloping land has made the land highly 
vulnerable to soil erosion by wind and rainfall. Soil fertility of the reclaimed fields, which was originally 
low, has further deteriorated after several years of cultivation, because of the inadequate application of 
fertilizers and organic materials. Moreover, precipitation is erratic and the dry season lasts for more than 
half a year in the region. These environmental constraints as well as the social problems facing Northeast 
Thailand have restricted agricultural development in the region. 

2. Comprehensive project based on past JIRCAS (formerly TARC) and JICA achievements 

To address these constraints and problems, JIRCAS initiated in 1995 a 7-year research project, 
"Comprehensive studies on sustainable agricultural systems in Northeast Thailand". This 
multidisciplinary research project includes soil, crop and livestock sciences as well as economic and 
social studies. The contents of the project are based on the knowledge and experience gained in previous 
collaborative research activities undertaken by JIRCAS (formerly TARC) and JICA in Northeast 
Thailand for the past few decades. Research activities are currently being carried out at the Agricultural 
Development Research Center in Northeast Thailand (ADRC) and other Thai research institutes affiliated 
to the Department of Agriculture (DOA), Department of Land Development (LDD), Department of 
Livestock Development (DLD),Khon Kaen University (KKU) and Asian Institute of Technology (AIT). 
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Dianou Dayeri 

Dianou Dayeri, 


Institut d'Etudes et de Recherches Agricoles (INERA), 

Burkina Faso 

Biological regulation of methane emission in paddy fields 

Methane is an important greenhouse gas which contributes to global warming. As an important source of 
CH 4 , rice fields account for approximately 10 % of the global anthropogenic methane emission and it is 
considered that 80 % is derived through the methane-generating bacteria (MGB). 

CH 4 emission from rice fields is the net effect of CH 4 production and CH 4 oxidation. CH 4 oxidation by 
methane-oxidizing bacteria (MOB) consumes 1 to 10 % of the total global emission and MOB are 
considered to be important biological regulators of methane fluxes in nature. 

My collaboration with Dr. Adachi aims to characterize the dominant MOB in Ishigaki paddy fields and 
to establish a model ecosystem in vitro to elucidate the mechanism of methane production and oxidation 
in paddy fields. I do hope that these studies will result in technological development for environmental 
control of methane emission and sustainable crop production in rice-growing countries. 
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Dr. Lukman Gunarto 


Dr. Lukman Gunarto, 

Central Research Institute for Food Crops, Bogor, 

Indonesia 

Azospirillum study in lowland rice 

It is well known that soil microorganisms are the driving force behind nutrient transformation in soils and 
thus contribute significantly to soil fertility. Especially for the availability of nitrogen, the involvement of 
soil microorganisms is indispensable. 

Azospirillum are associative N 2 -fixing bacteria. Inoculation of these bacteria to lowland rice may enable 
to increase the efficiency of N fertilization at a low cost. They also produce growth hormone for plant 
root growth and promote nutrient absorption by plant. Indigenous strains of Azospirillum have been 
successfully isolated from Ishigaki Island, Japan and two indigenous strains (V.S.2.2. and V111.P1.2) and 
one type culture (AZ 92-2) were selected as promising strains for the promotion of growth of lowland 
rice. Present study focuses on the mechanisms of enhancement of the growth of lowland rice by 
Azospirillum . 
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Harvinder singh Talwar 

Harvinder Singh Talwar, 

International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT), 

India 

Heat tolerance in grain legumes 

Groundnut and chickpea are the two major grains in the semi-arid tropics (SAT) as an important source 
of dietary protein and fat. The average yield is around 0.8 t ha -1 which is far below their yield potential. 
High temperature is one of the major abiotic constraints on the adaptation of these two crops in tropical 
and subtropical areas. 

High temperature affects primarily membrane-related processes and heat tolerance appears to be 
determined by the thermal sensitivity of primary photochemical reactions occurring in the thylakoid 
membrane system. Tolerance limits vary among genotypes but are also subjected to acclimation. These 
legumes are more sensitive during their reproductive stages than vegetative ones. Therefore, the 
objectives of the current research work are as follows: 

1. To analyse the effects of high temperature on photosynthesis, flowering and pod setting processes. 

2. To examine the genotypic variations in heat acclimation potential. 

3. To determine the biochemical changes in leaf and floral parts of these crops. 
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Baiqing Lin 

Baiging Lin , 


Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, People' s Republic of 
China 

Physiological and biochemical mechanisms of heat tolerance in Brassicaceae and Legumes 

Cabbage and Chinese cabbage form heads in a temperature range of 15-22C. Therefore their production 
in the tropical region is largely restricted to the cool highland areas. My research under the JIRCAS 
Visiting Research Fellowship Program 1995 aimed at elucidating the physiological and biochemical 
mechanisms of heat tolerance in the Brassicaceae. 

Our results showed that the period of plant growth most sensitive to the temperature changes in cabbage 
and Chinese cabbage generally corresponds to 40-56 DAS (Days After Sowing) and 32-451 DAS, 
respectively in terms of heading failure. We then concentrated our attention on protein regulation during 
the heading process. At present we are interested in the purification and characterization of low 
molecular weight heat shock proteins (smHSP) in terms of identification of a 19.2 KD protein, 
confirmation of the inducible nature of the protein, investigations on cell water potential and component 
of solutes from various treated plants, etc. 
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Padmanaban ANNAMALAI 

Padmanaban Annamalai, 

University of Madras, 

India 

Cloning and characterization of heat tolerance genes in Brassica (Cabbage) 

The productivity of plants is markedly affected by abiotic stresses and the genetic improvement of stress 
tolerance is an urgent need for sustainable agriculture. The effects of an increased incidence of heat 
shock, as a result of global warming for example, would be quite considerable, particularly with the 
occurrence of high temperatures on a number of consecutive days. Investigations into the molecular 
mechanisms of survival under high temperature stress could provide valuable information both on how 
plants survive and what genes are involved. 

The Brassicas are subjected to a variety of stresses such as cold, heat and others. Stress is often 
associated with complex physiological changes and is mediated by alterations in the messenger RNAs 
(mRNAs) and proteins. My study aims to elucidate the regulatory mechanisms through cloning and 
characterization of heat tolerance genes in Brassica oleracea var. capitata by constructing cDNA 
libraries using mRNA and further to identify the heat-regulated transcripts by differential screening. The 
isolation and characterization of heat-regulated transcripts would lead to the identification of the 
molecular regulatory elements responsible for gene expression in response to heat tolerance. 
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Armenia B. Mendoza 


Armenia B. Mendoza, 

University of the Philippines, 

Diliman, Quezon City, 

Philippines 

Physiological and biochemical mechanisms of genotypic variability in response to salinity in rice 

Soil salinity restricts rice production in arid and semi-arid regions of the world. In irrigated agricultural 
lands without adequate drainage system, soil salinity will also pose a major threat to rice cultivation. 
Breeding of high-yielding salt-tolerant cultivars that can adapt to a saline environment is more practical 
than costly adjustments of stressed environments through engineering and chemical treatment. However, 
information regarding the mechanisms that affect rice growth and adaptation to salinity is scanty. 

In my research, physiological and biochemical mechanisms of genotypic variability in response to salt 
stress in cultures of rice cells and tissues in vitro are studied based on the notion that metabolites that 
maintain homeostasis and growth are important criteria in the selection of salt-tolerant rice varieties. In 
addition, spontaneous genetic mutations that can be induced in tissue culture are exploited for 
introgression of salinity tolerance in rice. Changes in the activities of the enzyme system that minimize 
tissue and seedling damage under saline environment are also investigated. 
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LIN Hongxuan 

Lin Hongxuan, 


China National Rice Research Institute, 

Hangzhou 310006, 

People's Republic of China 

Mapping of QTLs for salt tolerance of rice (Oryza sativa L.) using 
molecular markers 

Accumulation of salt in soil causes deleterious effects and leads to a reduction in rice production. 
•@Saline soils cover about 950 million hectares of the earth surface. Improving the salt tolerance in rice 
is one of the major objectives of rice breeding programs. 

Since 1985, rice germplasm for salinity tolerance has been evaluated and utilized from a large number of 
rice germplasm accessions in China. Significant progress has been made. 

At the JIRCAS Okinawa Subtropical Station, I am identifying QTLs (quantitative trait loci) for salt 
tolerance in rice by using molecular markers. I hope that we will be able to identify marker loci linked to 
salt tolerance, evaluate the contribution of those genes to genetic variation, determine gene interaction, 
and understand the genetics and inheritance of salt tolerance as a basis for investigating the possible 
mechanisms involved in salt tolerance of rice in this program. I believe, that our research may be useful 
in improving salt tolerance in rice. 
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Somsong Chotechuen, 

Chai Nat Field Crops Research Center, 

Field Crops Research Institute, Department of Agriculture, 

Thailand 

Physiological and biochemical studies on genotypic variability in rice (Oryza sativa L.) in response 
to salt stress 

Salinity is one of the substantial stress factors affecting crop production in many countries. In Thailand, 
saline soils are widely distributed along the coastal areas and cover approximately 5.9 million hectares in 
the Northeast region. Basic principles of stress injury and resistance in plants should be elucidated in 
order to breed salt-tolerant genotypes and to ensure better agricultural development in these areas. 

My study at JIRCAS focuses on the responses of rice seedlings to salinization and induced mutation for 
salt tolerance in rice. The research outcome of this study will be relevant to my responsibility in Thailand 
for breeding plants resistant to various environmental stresses, such as mungbean and some other crops 
suitable for rice-based cropping systems, in order to achieve sustainable agricultural production in the 
country. 
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Researcher name:Nguyen Tien Thinh 

Nguyen Tien Think , 

Nuclear Research Institute, 

Viet Nam 

Cryopreservation of germplasm of vegetatively propagated tropical monocotyledonous plant 
species 

A large number of plant genetic resources in the tropics consist of vegetatively propagated 
monocotyledonous species. *@These genetic resources are non-renewable and are among the most 
essential among the world's natural resources. »@For the use of present and future generations, it is 
necessary to preserve them. 

Recently, cryopreservation has become an ideal tool for the long-term preservation of plant germplasm 
since it is a safe, economical and compact way of storage in comparison with ex situ conservation 
through field genebanks and in vitro tissue culture conservation. At JIRCAS Okinawa Subtropical 
Station, I am studying the development of cryopreservation techniques for the germplasm of several 
tropical monocotyledonous species. The research has successfully proceeded and several efficient 
cryoprotocols have been developed for the preservation of shoot meristems of taro, tannia, banana, rice 
and orchid. 
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Developing protocols for the cryoconservation of the West African tu...ectranthus esculentus N.E.Br. syn. Coleus dazo A. Chev. and Perrot. 

P. M. Kyesmu, 

University of Jos, 

Faculty of Natural Sciences, 

Department of Botany, 

Nigeria 

Developing protocols for the cryoconservation of the West African tuber crop 'Rizga' (Plectranthus 
esculentus N. E. Br. syn. Coleus dazo A. Chev. and Perrot.). 

P. esculentus, a minor tuber crop that belongs to the mint family-Lamiaceae, is cultivated vegetatively 
within the semi-arid regions of Sub-Saharan Africa. Its germplasm is continually being eroded as a result 
of the decline in its cultivation and preference for exotic tuber crops. Hence the need to develop 
conservation protocols in order to conserve its genetic base since it provides the raw materials for 
development either through traditional plant breeding or the use of biotechnological tools. 
Cryoconservation is one of such protocols which is being developed at the JIRCAS International 
Collaboration Research Section (ICRS). This technological development which is currently rudimentary 
in developing countries such as Nigeria should contribute to the conservation and storage of genetic 
resources of economically and biologically important crop plants leading to the improvement of 
agricultural activities in these countries. 
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JIRCAS News 

People 

Nobuyoshi Maeno became Director General*@of JIRCAS on August 1, 1996, succeeding Dr. Keiji 
Kainuma who retired after serving as the first DG of JIRCAS since 1993. Dr. Maeno, a pasture 
agronomist with extensive experience in collaborative research on tropical pastures, was until recently 
Director of JIRCAS's Research Planning and Coordination Division. As for the profile of Dr. N. Maeno, 
please see pg 3 of the JIRCAS Newsletter Vol. 2, No. 2, December 1994. 

Keiji Ohga, an agricultural economist and former Director of JIRCAS's Research Information Division, 
succeeded Dr. Maeno as Director of JIRCAS's Research Planning and Coordination Division. As for the 
profile of Mr. K. Ohga, please see pg 8 of the JIRCAS Newsletter Vol.2, No.l, June 1994. 

Kunio Tsubota, an agricultural economist, succeeded Mr. Ohga as Director of JIRCAS's Research 
Information Division. Mr. Tsubota was until recently Deputy Director of Asian and African Division, 
National Research Institute of Agricultural Economics. He served as an agricultural economist at OECD 
in Paris (1982-1986) and project economist at the Asian Development Bank in Manila (1990-1993) along 
with working at the Headquarters of the Ministry of Agriculture, Forestry and Fisheries (MAFF). 

Message from Dr. Kainuma, former DG, to the Editor of the Newsletter: "At the time of leaving 
JIRCAS, I would like to express my deep gratitude to the members of the organizations with which 
JIRCAS collaborated, for their continuing support and friendship during my tenure." 
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Toward Global Partnership in Agriculture Research 

Nobuy oshi Maeno 

Director general 



•@On August 1,1996,1 became the second Director General of Japan International Research 
Center for Agricultural Sciences (JIRCAS) after succeeding Dr. Keiji Kainuma who retired from 
the Ministry. 

Under the dynamic leadership of Dr. Kainuma, the former Tropical Agriculture Research Center 
was reorganized into JIRCAS and the difficult task of setting up a new structure was eventually 
accomplished. 

•@During the three-year tenure of Dr. Kainuma, the new orientation of the JIRCAS activities was 
defined, for example new research facilities were constructed, comprehensive research projects 
were implemented, research activities in various countries that hitherto had not been targeted for 
research collaboration, such as Kazakhstan in Central Asia were initiated, the JIRCAS Visiting 
Research Fellowship Program at Tsukuba was inaugurated, research activities in Japan were 
further promoted while the relations between JIRCAS and the Japan International Cooperation 
Agency (JICA) became much closer. 

•©Therefore, presently, the research activities of JIRCAS are being expanded and promoted along 
the basic strategy built-up during the past three years as follows: 

1. Expansion of the areas targeted for research collaboration 

•@When TARC was reorganized into JIRCAS, the areas targeted for research collaboration 
expanded to cover all the developing regions, in addition to the tropical and subtropical regions. 
However, due to the constraints on the budget earmarked and on the research capability, it 
became necessary to set up priorities. Presently, research collaboration with the countries located 
in the Asian region accounts for 80% of the total, mainly due to geographical considerations and a 
certain similarity in culture. Although in the case of Africa and Latin America, research is 
implemented mainly in collaboration with the CGIAR centers, etc., in future, the relations with the 
countries located in these regions may gradually expand. In addition, since the research themes 
taken up vary mainly with the countries and regions, the strategy adopted must be adjusted 
accordingly. 

2. Importance of research dealing with information systems and socio-economic aspects 
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•@For the selection of research themes relevant to the needs of the countries and for the effective 
implementation of the projects, it is necessary to collect, process and analyse in a comprehensive 
manner, information pertaining to agriculture, forestry and fisheries fields in various regions. In 
addition, it is essential to develop appropriate technology compatible with the socio-economic 
conditions of the respective regions. To achieve these objectives, it is important to promote 
information activities aimed at integrating social and natural sciences. 

3. Multidisciplinary versus unidisciplinary approach 

•@Due to the complexity of the agricultural ecosystems and of the social systems, in order to 
develop techniques for the promotion of sustainable development of agriculture, forestry and 
fisheries activities in harmony with the environment, it is more than ever necessary to adopt a 
systematic and integrated strategy instead of an isolated and fragmentary approach. Therefore 
efforts should be made to promote the implementation of comprehensive projects on a 
multidisciplinary basis in addition to specific studies. Research covering information sciences and 
socio-economic aspects, as mentioned previously (2), should place emphasis on the drafting and 
implementation of integrated projects. 

4. Development of collaboration on a multinational basis 

•@Hitherto, research collaboration with the NARS had been implemented on a bilateral basis with 
the respective countries and organizations. However, for large scale problems common to several 
countries or regions, the implementation of research collaboration on a multilateral basis would be 
more effective and efficient. Therefore, in future, in order to promote collaboration on a 
multinational basis, it will be necessary to gain the understanding and cooperation of the related 
NARS. 

5. Link between research carried out overseas and in Japan 

•@The research strategy adopted since the establishment of TARC consisted of dispatching 
researchers to various countries to carry out collaborative research in the respective regions. In 
future, this system will be essentially maintained. However, in the case of basic advanced research 
fields requiring the use of sophisticated equipment and instruments, it is preferable to use the 
facilities available in Japan. Therefore, JIRCAS has set up its own research facilities in addition to 
utilizing the equipment and facilities available in other research institutes located in the Tsukuba 
Research Complex. As a result, in future, since the links between research carried out overseas and 
in Japan may become closer, a system whereby research carried out in Japan could alleviate the 
difficulties in the execution of research projects overseas could eventually evolve. 

6. Development of human resources (training programs and fellowships) 

•@To contribute to the development of sustainable agriculture, forestry and fisheries activities, it is 
essential to promote research as a resource base, hence the need to train researchers who can fulfill 
such requirements. To achieve this objective, JIRCAS currently sponsors two types of fellowships 
in making the best use of advanced facilities and of an environment conducive to research. These 
activities aim at enhancing the capability of the invited researchers while promoting research 
collaboration with the JIRCAS researchers. In addition, it is anticipated that when the recipients 
of the fellowship return to their respective countries, they will become the core partners for 
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research collaboration with JIRCAS. 

•@For the past three years, the activities of JIRCAS have become widely recognized within the 
agricultural research community worldwide and JIRCAS has received requests from a large 
number of countries for the initiation of research collaboration. 

•©Therefore, the collaboration on a partnership basis between JIRCAS, NARS, CGIAR centers, 
etc. should pave the way for a global partnership for the development of techniques aimed at the 
preservation of the global environment and the promotion of sustainable agriculture, forestry and 
fisheries activities. 

•@ However, due to the limitation in the number of researchers and research funds, it will be 
essential for JIRCAS to fully utilize its comparative advantage and to identify research priorities 
best suited to its capability and to the needs of the respective countries and regions. 
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-JIRCAS RESEARCH HIGLIGHTS- 

Use of Stored Pearl Millet Pollen in Wheat Haploid Production 

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@9 @Masanori 
Inagaki 

•@The use of wheat haploids in breeding programs is of great interest to breeders, since the production of haploid plants 
followed by chromosome doubling enables the breeders to obtain genetically homozygous lines. The successful production of 
doubled haploids provides the most rapid means for developing recombinant inbred lines with favorable uniformity in 
selection procedures. 

•@The method for producing wheat haploids from cultured pollen which has been referred to as anther culture technique, is 
still limited by the differences in the responses of wheat genotypes. On the other hand, the method using wide crosses 
followed by embryo rescue has recently been developed. Significant technical advances have been attributed to pollen 
selection from subfamily species and application of plant growth regulators. However, since this type of methodology always 
requires the presence of viable pollen at the time of pollination and restricts haploid production duration, the development of 
an adequate pollen storage technique could enable to alleviate this shortcoming. 

•@The effects of drying and freezing on the viability of maize and pearl millet pollen and the crossabilities of wheat with 
stored pollen were examined in this study. Pearl millet pollen is relatively more tolerant to drying and freezing than maize 
pollen. As a result, pollen storage at ultra-low temperatures for one year did not affect the haploid production frequency in 
wheat-pearl millet crosses, but markedly reduced the frequency in wheat—maize crosses. Stored pearl millet pollen can be 
used as an alternative donor for producing wheat haploids when fresh pollen is not available (Photos 1 and 2). 

•@Efficient production of wheat haploids complements conventional breeding programs, and accelerates the release of new 
varieties in developing countries where rapid varietal development is critical for sustainable wheat production systems. 

Photo 1: Embryo formation in wheat, self-pollinated (left), and crossed with stored pollen of pearl millet (right). 

Photo 2: Somatic chromosomes of plants obtained from wheat, self-pollinated (left, 2n=6x=42), mid crossed with stored 

pollen of pearl millet (right, 2n=3x=21) 
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Photo 1: Embryo formation in wheat, self-pollinated (left), 
and crossed with stored pollen of pearl millet (right). 
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Photo 2: Somatic chromosomes of plants obtained from wheat, self-pollinated (left, 2n=6x=42), 
and crossed with stored pollen of pearl millet (right, 2n=3x=21) 
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Options for Mitigating Methane Emission from Tropical Rice Paddy Fields 

Options for Mitigating Methane Emissions from Tropical Rice Fields 


Yagi 

•@Atmospheric concentration of methane (CH 4 ) has been increasing rapidly in recent years. Because CH 4 is a radiative trace gas (greenhouse gas) and takes part in 
atmospheric chemistry, the rapid increase could be of significant environmental consequence. The scientific report of the Intergovernmental Panel on Climate Change (IPCC) 
concluded that a 10 to 15% reduction in the CH 4 emissions from individual sources would stabilize the concentration in the atmosphere. Of the wide variety of sources, 
wetland rice fields are considered to be an important source of atmospheric CH 4 , because the harvested area of rice increased by about 70% during the last 50 years, and it is 
likely that CH 4 emissions increased proportionally. Recent estimates suggest that global emission rates of CH 4 from rice fields account for about 4-19% of the emission from 
all sources. 

•@Due to the large amount of global emission, the reduction in CH 4 emission from rice cultivation is very important to stabilize the atmospheric concentration. In addition, 
since it is possible to control the emissions by agronomic practices, rice cultivation must be one of the most hopeful sources for mitigating CH 4 emission. In particular, 
tropical rice fields are important because more than 70% of the world rice acreage is located in this region. The current studies which aimed at measuring the CH 4 flux from 
rice fields and at developing options for mitigating CH 4 emissions from tropical rice fields were carried out within the framework of a collaborative project among the 
National Institute of Agro-Environmental Sciences (NIAES), Japan International Research Center for Agricultural Sciences (JIRCAS) (formerly Tropical Agriculture 
Research Center), Department of Agriculture, Thailand (DOA), and Malaysian Agricultural Research and Development Institute (MARDI) from 1991 to 1996. 

•@Field measurements of CH 4 flux were conducted at 9 sites in Thailand ( 5 sites in the central plain and 2 sites each in North and Northeast Thailand). The CH 4 flux from 
rice paddy fields to the atmosphere was measured by using the closed chamber method (Photo 1). The measurements were performed during the rice cultivation periods. The 
results showed a large variation in CH 4 emission rates among the sites. The average emission rates during the rice cultivation periods ranged from 1.1 to 23.0 mg rrr 2 hr 1 . A 
relatively large flux was observed in the northern and northeastern sites, whereas a small flux was observed in rice fields with acid sulfate soils and soils with a low content of 
labile organic matter and high content of free oxides. The results indicated that the soil properties and agronomic practices including water and organic matter management 
affected the CH 4 emission rates from rice fields. 

•@Effect of organic matter application on the CH 4 flux was also investigated. Application of rice straw to paddy soils prior to flooding increased the total CH 4 emission 3.8- 
to 10.4-fold. The largest CH 4 flux was observed in the early stage of cultivation in the plot with rice straw application plot, whereas in the latter stage in the plot without rice 
straw application (Fig. 1). Green manure application also increased CH 4 emission significantly. On the other hand, some organic amendments such as palm oil wrung 
residues and complehumus did not affect the CH 4 emission rates significantly. These results indicate that fresh organic matter containing a large amount of labile fractions 
significantly enhances CH 4 emission from rice fields. For mitigating CH 4 emission from tropical rice fields, aerobic degradation of organic matter by composting or 
incorporation into soil during the off-season drainage period could also be proposed. 
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Photo 1: Closed chamber method for CH 4 flux measurements 

Fig. 1. Effect of rice straw application on CH4 emission from rice fields 
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Biotype of Fimbristylis miliacea (L.) Vahl. to 2,4-D in the Muda Area 

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•(5) •@Hiroaki Watanabe, Md. Zuki Ismail and Nai-Kin 
Ho* 

•@In the Muda area, chemical weed control began with the use of 2,4-D dimethylamine in the early 
1960s and wettable powder formulation of 2,4-D iso-butylester became popular among farmers from the 
early 1970s because of its superior effectiveness for the control of broadleaved weeds and sedges. 
Fimbristylis miliacea (L.) Vahl. is the most common annual sedge in direct-seeded rice fields in 
Malaysia. The weed could be controlled easily by the application of 2,4-D at the rate of 0.8 to 1.0 kg 
a.i./ha. However, a 2,4-D-resistant biotype of F. miliacea was observed in the off-season of 1989 in a 
farmer's field in Kampung (Kpg.=village) Gulau, locality D-III in the Muda Irrigation Area, where 2,4-D 
had been seasonally applied since 1975. 

Differences in the susceptibility to 2,4-D dimethylamine between biotypes were investigated in a pot 
experiment. R-type recovered after the application of 2,4-D dimethylamine at doses up to 1.39 g a.i./m 2 
(equivalent to 16 times the recommended dose), whereas the susceptible biotype (S-type) from Kpg. Titi 
Batu, locality G-IV, MADA, was strongly affected at all rates higher than 0.022 g a.i./m 2 (equivalent to 
one-quarter of the recommended dose). The R-type was not distinguishable from the S-type based on 
taxonomic characters such as panicle form, shape of spikelets, glume and nut (seed). There were no 
statistical differences in the size of panicles and spikelets between the biotypes. 

R-type showed a cross-resistance to other phenoxy-compounds such as 2,4-D iso-butylester, 2,4-D 
ethylester, 2,4-D sodium salt and MCPA. However, no distinct differences were observed between the 
biotypes in the reaction toward propanil, paraquat and glufosinate ammonium. 

Distribution of the R-type was investigated using soil samples from 100 rice fields in the Muda area in 
1993. R-type plants were detected in five rice fields at different locations including Kpg. Gulau, while 
only S-type plants were found in the other 95 rice fields, indicating that most of the rice fields in the 
Muda area were infested with the S-type. Infestation with F. miliacea and percentage of R-type plants 
were investigated in Kpg. Gulau. No relationship was observed between the degree of F. miliacea 
infestation and R-type percentages. R-type percentage decreased from 1993 to 1995 in the rice fields 
where 2,4-D compound herbicides had not been applied since 1992. 

In Malaysia, the use of sulfonylurea compounds such as bensulfuron-methyl and metsulfuron-methyl is 
increasing steadily and tends to replace 2,4-D herbicides. Herbicide-resistant biotype often evolved by 
repeated use of the same herbicide. Continuous monitoring of the herbicide-resistant weeds is imperative 
in the Muda area. 

* Muda Agricultural Development Authority (MADA) 


Photo 1: Rice field infested with Fimbristylis miliacea (L.) Vahl. 


Photo 2: R-type treated with 2,4-D dimethylamine 
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Photo 3: S-type treated with 2,4-D dimethylamine 
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Photo 1: Rice field infested with Fimbristylis miliacea (L.) Vahl. 
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Photo 2: R-type treated with 2,4-D dimethylamine 
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PEOPLE 


Katsuyuki Minami, Director of the Environmental Resources Division, JIRCAS, was selected by the 
International Union of Air Pollution Prevention and Environmental Protection Associations (IUAPPA) in 
cooperation with the International Academy of Sciences (IAS) as the first recipient of the award "Hopes 
for the Future for a Sustainable World" for his work on "The Effect of Agricultural Practices on Methane 
Emissions from Rice Fields". 

Kiyoshi Tanaka, a forest pathologist, became Director of JIRCAS's Forestry Division on October 1, 
succeeding Dr. Yasuo Osumi. Dr. Tanaka was until recently Research Coordinator at the Forestry 
Agency, Ministry of Agriculture, Forestry and Fisheries (MAFF). He carried out most of his research 
work at Hokkaido Research Center and Kansai Research Center, Forestry and Forest Products Research 
Institute, MAFF. He also spent one year as Visiting Scientist at the Pacific Southwest Forest Experiment 
Station (USDA) in California, USA from 1978 to 1979. 
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•aProject Re port *a 

Comprehensive Studies on the Development of Sustainable Agro-pastoral 
Systems in the Subtropical Area of Brazil 

Kozo Fujisaki 

•@JIRCAS is committed to contributing to a more effective implementation of collaborative research 
programs to promote sustainable development of agriculture, forestry and fisheries in harmony with the 
local conditions and environment in the developing regions through the establishment of closer relations 
with both overseas and Japanese research organizations. Based on the strategy of JIRCAS, the research 
project entitled "Comprehensive Studies on the Development of Sustainable Agro-pastoral Systems in 
the Subtropical Area of Brazil" will be implemented during the period 1996-2002. 

The subtropical area of Brazil 

•@The subtropical area of Brazil has been considered to be one of the areas where modern agriculture 
originated in South America. This area, where continuous cultivation of field crops has been carried out 
on a large scale as the major agriculture system with extensive cattle grazing, is extremely important to 
the food supply and economy of Brazil at present. This area which covers about 400 thousands km 2 
(approximately equal to the Japan land area) has a triangular shape, straddling the cities of Londrina, 
Botucatu, Ribeirao Preto and Campo Grande. Also, the area is characterized by the settlement of 
hundreds of thousands of Japanese-Brazilian farmers who are mainly providing essential food 
commodities for the Sao Paulo and Rio de Janeiro megalopolises. 

•@In the subtropical area of Brazil, the increase of agricultural production has been achieved by 
continuous expansion of arable land and high dependence on the net primary productivity of fertile land 
with minimum input. As a result, in most of this area the land has become environmentally vulnerable 
and the efficiency of production has remained low without improvement of agricultural technologies. 
Plant growth retardation associated with continuous cropping, the occurrence of diseases, outbreaks of 
pests, and soil erosion threaten agriculture in this area and are the main constraints on sustainability and 
productivity. 

New project on agro-pastoral systems in the subtropical area of Brazil 

•@This research project is focused on the development of sustainable farming systems with high 
productivity in environmentally degraded areas in the subtropical zone of Brazil, with emphasis placed 
on land utilization through the adoption of crop-pasture rotation systems. For this purpose, the following 
research themes will be taken up: 

1) Analysis and evaluation of indigenous and traditional land utilization systems for agriculture 

2) Multidisciplinary studies for the adoption as sustainable crop-pasture rotation systems 

Mixed and multiple cropping agricultural systems employing soybean as a main crop for field crop 
diversification 

iAIntroduction and management of forage crops in mixed, multiple-cropping systems for soil 
improvement and erosion control 
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iBDynamics of soil fertility and plant nutrition in crop-pasture rotation 
±C Control of biotic agents, e.g., pathogens, pests and weeds 
iD Management of grazing cattle in crop-pasture rotation 

3) Socio-economic evaluation of crop-pasture rotation from the standpoint of farming systems 

4) On-farm participatory research on newly developed "agro-pastoral systems" 

Project sites 

The studies will be mainly carried out in collaboration with research centers affiliated to EMBRAPA, 
namely National Research Center for Beef Cattle (CNPGC) and National Research Center for Soybean 
(CNPSo). The expertise of CIAT in crop-pasture system development in South American countries will 
be sought. Also, collaboration with the JATAK International Center of Agriculture Technology, which is 
one of the Japanese nongovernmental organizations for Japanese-Brazilian farmers, will be promoted. 


Photo 1: Two traditional herdsmen, "Gaucho", at Campo Grande . 

Photo 2: Soybean farm contiguous to a pasture at Campo Grande, as a prototype of agro-pastoral 

systems to be implemented in this study . 
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Photo 2: Soybean farm contiguous to a pasture at Campo Grande, as 
a prototype of agro-pastoral systems to be implemented in this study 
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Oct.23,1996 

•aTopics«a 

Mr. Matsumoto, Chairman of AFFRC, and Dr. Maeno, DG of JIRCAS, 
Visited Indonesia 

Masahito Sato 

•@Mr. Sakuei Matsumoto, Chairman of the Agriculture, Forestry and Fisheries Research Council 
(AFFRC), Ministry of Agriculture, Forestry and Fisheries (MAFF), and Dr. Nobuyoshi Maeno, Director 
General of JIRCAS visited Indonesia in August 1996. They had the opportunity of meeting with his 
Excellency Sjarifudin Baharsjah, Minister of Agriculture of Indonesia, Dr. Faisal Kasryno, Director 
General of the Agency for Agricultural Research and Development (AARD), Ministry of Agriculture 
(MOA) and the Directors of the Institutes affiliated to AARD. 

•@They exchanged views about the future orientation of research collaboration between the Institutes 
affiliated to Indonesian organizations, namely AARD and the Institutes affiliated to MAFF, namely 
JIRCAS. 

•@It was eventually agreed: 1) that research collaboration implemented by JIRCAS for the development 
of technology in the field of agricultural production should also include socio-economic aspects to 
promote rural development in taking account of the conditions prevailing in the respective regions of 
Indonesia, 2) that it is essential that research collaboration deal with the expansion of agricultural 
production compatible with the preservation of the natural environment on a global scale in order to 
achieve sustainable development of agriculture and 3) that for the effective implementation of the 
research projects it is desirable that JIRCAS promotes research collaboration with the Indonesian 
organizations in paying a close attention to the technical cooperation activities sponsored by JICA. 

•@Mr. Matsumoto and Dr. Maeno visited several research institutes affiliated to AARD, such as the 
Central Research Institute for Food Crops and Research Institute for Food Crop Biotechnology in Bogor, 
as well as The Research Institute for Coastal Fisheries in Ujungpandang. They also met with JICA 
administrators and experts in Jakarta and visited the ESCAP¥CGPRT Center in Bogor and JICA 
Mangrove Forest Conservation Project in Bali. 

Photo 1: Meeting with the Minister of Agriculture of Indonesia (From left to right): Dr. Effendi, Dr. 

Maeno, Honorable Sjarifudin Baharsjah, Mr. Matsumoto, Mr. Kadowaki, Mr. Kawamoto, Mr. Sato 
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Recent Advances in Nutrition and Feeding Standard of Farm Animals in 
Asian-Australasian Countries: 

Satellite Symposium of the 8th Animal Science Congress of Asian-Australasian Association of 
Animal Production Societies (AAAP) 

Hirofumi Hayakawa 

•@International symposium on the above theme was held in Tsukuba Science City during the period 
October 20-21, 1996 under the joint auspices of the National Institute of Animal Industry (NIAI), Japan 
International Research Center for Agricultural Sciences (JIRCAS) and Japan Livestock Technology 
Association (JLTA). From 12 countries, 105 scientists, including 34 from abroad, in the field of animal 
nutrition and animal production participated in the symposium. 

•@Livestock play a vital role in the rural economies of the Asian-Australasian region. Recent advances 
in animal nutrition are making great strides in many countries. However, there are still many problems to 
address technically to achieve an optimum level of animal production under practical conditions. 
Development of feeding standard for farm animals together with feed information on nutritive values, 
both being the outcome of research activities in the field of animal nutrition, is originally expected to 
require the collaboration of both researchers and animal farmers. 

•@Keynote addresses, were as follows: "Nutrient requirements for ruminants in the tropics" by Dr. B.A. 
Young from the University of Queensland, Australia, "Development of feeding technologies and 
contribution of nutrition research to dairy farming in Japan" by Dr. S. Oshio from National Grassland 
Research Institute (NGRI), and "Concept of the Asia-Pacific regional feed composition information 
network" by Mr. K. Kosaka from JIRCAS. In the country reports, scientists from Malaysia, Thailand, 
Indonesia, Vietnam, Nepal, Korea, China and Japan made presentations on related topics. 

•@The symposium provided a new opportunity to discuss these important issues and search for the 
solutions through the promotion of collaborative networks in this region. 

Photo 1: Participants in and presentation at the symposium 
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INDEPENDENCE PRODUCTION OF GIANT FRESHWATER PRAWN LARVAE: A note on my research activities at JIRCAS, MAFF 

•avisiting Scientists'll 

Artificial Propagation of Giant Freshwater Prawn 

Muharijadi Atmomarsono 

Research Institute for Coastal Fisheries, South Sulawesi, Indonesia 90511 

•@The giant freshwater prawn, Macrobrachium rosenbergii, is one of the important crustaceans mainly 
cultured in the countries of the Asia-Pacific region, and North and South America. However, the 
production of prawn larvae in the hatchery is still insufficient due to the dependence on the use of natural 
spawners, and therefore, the prawn larvae must be partly supplied by using wild forms. Many methods 
have been applied to increase the production rates, but information about reproductive mechanisms and 
means of controlling larval diseases in the early stages is still lacking. 

•@It is well known that eyestalk ablation in prawns can stimulate the molting cycle and vitellogenesis 
based on species, age, and stage of the ovary. Part of my current work involves the examination of the 
structure and processing of vitellogenin (yolk protein) in female Macrobrachium rosenbergii by 
sampling the hemolymph of eyestalk-ablated prawns and analysing samples using sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by western blotting. In subsequent 
experiments the role of the ovary will be examined to determine whether the ovary itself functions as an 
endocrine organ to promote yolk protein production and/or serves as a source of endogenous 
vitellogenin. 

•@Macrobrachium rosenbergii prawns migrate naturally to brackish water areas during the time of 
spawning, when the female broods an egg mass attached to the abdominally located setae. Prawns may 
be prone to diseases at any stage of their life cycle. Since diseased breeders which are infected with 
pathogenic fungi can contaminate their larvae, it is necessary to separate the eggs from the breeders for 
disease prevention. If eggs are put into freshwater, the larvae die soon after hatching. In order to 
determine the optimal conditions of salinity or osmolarity of the water media for hatching and survival of 
giant freshwater prawn embryos, I am analysing osmoregulatory mechanisms and testing the use of sea 
water at various percentages. Results thus far suggest that water media with an osmolarity between 
500-600 mOsm (about 50% sea water) are most satisfactory. Identification and evaluation of fungi 
isolated from giant freshwater prawns will also be carried out in the near future. 

Photo 1: M. Atmomarsono (right) and M. N. Wildew are monitoring the conditions of culture of the giant 

freshwater prawn 
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Evaporation and Formation of Secondary Salts 

-Challenge to Desertification- 

Chang Qing 

Xinjiang Institute of Biology, Soil and Desert Research, Chinese Academy of Sciences, People's Republic 
of China 

•@It is estimated that about 10% of the land on our planet is being affected by salinization which is now 
recognized as an increasing cause of land and stream degradation in arid and semi-arid lands. Arid and 
semiarid areas account for almost half of the land area of China. Salinization and resulting desertification 
are the most serious challenges to agriculture and the environment in these regions. 

•@Relevant studies in the field of agriculture, geochemistry and environmental sciences have been 
carried out. During the past 5 years, I studied the occurrence and mineralogy of salt-affected soils in the 
desert area of northwestern China. The soil salts are derived from weathering products of rocks, while the 
redistribution of salts mainly depends on the water movement and evaporation rate. We were able to 
elucidate the mechanism of salt accumulation and identify mineralogical species on a relatively large 
geographic scale. 

•@Now, my research theme is focused on the mechanism of formation of evaporative secondary salt 
minerals under simulated arid conditions. Under climatic conditions characterized by high temperature 
and scarce precipitation, evaporation is the dominant link between rock weathering and salinization from 
weathering products. Our recent experiments suggest that surface properties and porosity of solid phase 
(soil matrix) and, density and adhesion of liquid phase (soil solution) are important factors determining 
the processes of evaporation-precipitation. 
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Information Activities at JIRCAS and Role of Research Information Division 

Information Activities at JIRCAS and Role of Research Information Division 



Director, Research Information Division 

■@Obviously the word information has various connotations. Most of the people including myself who deal with information systems tend to use the word 
information in relation to computer technology. But here I will define information as the *gknowledge acquired or derived for decision-making or taking a 
specific action.»h In this sense everybody at JIRCAS is engaged in some kind of information activity. Researchers collect and process data in the course of 
their research work. Staff members of the Research Planning & Coordination Division and of the Administration Division use and coordinate collected 
information to formulate research plans and draft administrative regulations, respectively. 

•@What is the role of the Research Information Division? the Research Information Division of JIRCAS fulfills three functions. The first function is to carry 
out surveys to analyse activities relating to agriculture, forestry and fisheries mainly in countries located in developing regions. The second is to formulate and 
coordinate international collaborative research projects. The third is to develop and maintain computer-based information systems at JIRCAS. 

•@During the surveys conducted overseas on activities relating to agriculture, forestry and fisheries in developing regions, information on agricultural 
sciences and related socio-economic conditions in these regions is collected and subsequently analysed. Surveys are conducted by two groups of research 
coordinators with a wide expertise in related research fields and international cooperation. The first group adopts a region-oriented approach covering five 
zones; monsoon Asia, arid and semi-arid Asia, Africa, Latin America, developed countries. They place emphasis on countries for which JIRCAS had limited 
information hitherto, such as Central Asia or Africa. The second group of research coordinators adopts a problem-oriented approach by conducting surveys on 
three topics; environment, food problems and rural development. Both comprehensive regional surveys and problem-oriented surveys are conducted on an 
interdisciplinary basis combining natural sciences and socio-economic fields. 

•@Research coordinators also formulate and coordinate collaborative research projects based on the surveys and analyses of regional agriculture or 
agriculture-related problems. JIRCAS is currently implementing three integrated research projects in Vietnam (Mekong Delta), Malaysia and Northeast 
Thailand. For the comprehensive or multidisciplinary projects the research coordinators work in close collaboration with the directors of the research divisions 
and researchers concerned. 

•@The Research Information Division is responsible for developing and maintaining research information systems based on computer networks at JIRCAS. 
Information scientists combine research on information processing with the operation of the computer system at JIRCAS. As applied information science is 
now an essential component of agricultural sciences, the Division is developing comprehensive information systems, including statistical data, documents such 
as reports on surveys and image data based on PC windows and UNIX workstation since JIRCAS is involved in research related to socio-economic fields in 
connection with research on agricultural technology development in LDCs. 

•@The Division is also in charge of a specific project dealing with projections of the supply and demand of major food commodities including cereals, animal 
products and oil seeds, based on econometric analyses in collaboration with organizations concerned in China, Indonesia, Malaysia and Thailand. 
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•@The three functions of the Research Information Division are all based on information activities and are closely interrelated. The Division plans to combine 
in future activities relating to interdisciplinary research with planning and supportive activities. 


Inti. Research Coordinators 
•iRegion-oriented approach) 
Mr. Akira Kobayashi 
Dr. Mitsunori Oka 
Dr. Kozo Fujisaki 
Dr. Norihiko Kobayashi 
Mr. Shigeyuki Kawahara 
(Problem-oriented approach) 
Dr. Masaaki Suzuki 
Dr. Yoshinobu Kitamura 
Dr. Mitsuhiro Nakagawa 


Area, Research Fields and *glntegrated Research Projects*h 

Asia I*, Plant breeding, *gDevelopment of agriculture in Mekong Delta ( 1 994- 1 998)*h 

Asia II**, Cropping systems, *gDevelopment of agriculture in Northeast Thailand (1995-2001 )«h 
Central and South America, Animal production and health 
Africa, Plant pathology 

Advanced countries, International agricultural research organizations. Fisheries biology 

Conservation of global environmental resources, Soil science and plant nutrition, •gBrackish water mangrove 
ecosystems (1995-1999)»h 

Rural planning and development, Irrigation and drainage engineering 
Food supply and demand, Agricultural economics 


* : East & Southeast Asia 

** : West & South Asia 

(Yoshinobu Kitamura) 
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1994 Annual Meeting for Review and Promotion of Research for International Collaboration 


1994 Annual Meeting for Review and Promotion of 
Research for International Collaboration 



Director , Research Planning and Coordination Division 


1. Report on the meeting held at the new JIRCAS Headquarters 

•@The 1994 Annual Meeting for the Review and Promotion of Research for International Collaboration 
was held on February 7, 1995 in the International Conference Room of the new JIRCAS Headquarters 
constructed in conjunction with the establishment of JIRCAS (the official inauguration of the facilities 
took place on April 18, 1995). 

•@A total of 51 participants attended the meeting, including representatives from various institutes 
affiliated to the Ministry of Agriculture, Forestry and Fisheries along with delegates from the Ministry as 
well as the Director General, Directors of Research Divisions and several staff members of JIRCAS. 

•@At first the collaborative activities pursued by JIRCAS during the fiscal year 1994 were reviewed and 
discussed, including information, research projects, international symposium, workshops, seminars, 
various meeting, Visiting Research Fellowship Program at the Okinawa Subtropical Station of JIRCAS, 
in addition to the orientation of JICA activities, etc. 

•@During the present meeting, emphasis was placed on the Visiting Research Fellowship Program at 
Tsukuba which will be initiated on October 1, 1995. Under the program, a total of 6 researchers will be 
invited, of which 4 will undertake long-term projects for a period of 2 years at JIRCAS and 2 researchers 
will be engaged in short-term projects for a period of 5 months mainly at the National Institute of 
Agrobiological Resources. In addition, the report on the proceedings of the meeting organized on the 
previous day for reviewing TARC/JIRCAS collaborative research activities with Thai agricultural 
research organizations for the past 25 years and discussing the future orientation of research 
collaboration attracted a great deal of attention (see related article). 

•@Thereafter discussions were held on an important topic, namely the possibility of undertaking research 
in the field of agriculture, forestry and fisheries in areas that hitherto had not been targetted by TARC, 
including cold areas located in Central Asia, South America as well as Mongolia, in addition to the 
programs currently implemented in the tropical and subtropical zones. The results of short-term surveys 
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conducted in this newly targetted region were analysed for further orientation of research. It was 
eventually concluded that although there is a definite potential for the development of agriculture, 
forestry and fisheries in these areas and there is a strong demand for research collaboration with JIRCAS 
to enhance this potential, it is still essential to collect more basic information about this region. In future, 
based on further information, it may be possible to promote collaborative research mainly centered on 
animal production and grassland management in such areas. Plans are currently being formulated for the 
implementation in the fiscal year 1996 of two research projects as follows: 1. Comprehensive studies on 
the development of sustainable agro-pastoral systems in the subtropical zone of Brazil and 2. 
Development of technology for grassland management and animal production systems. Short-term 
surveys will be conducted along with preliminary arrangements for the implementation of these projects. 

•@The general discussion was centered on the strategy that should be adopted to promote integrated 
research as a challenge to the expansion of both research fields and areas targetted for research as well as 
on the Visiting Research Fellowship Program at Tsukuba. 


2. JIRCAS Visiting Research Fellowship Program at Tsukuba 

•@On October 1,1993, the Tropical Agriculture Research Center (TARC) was reorganized into the Japan 
International Research Center for Agricultural Sciences (JIRCAS). 

•@Since its establishment in 1970, TARC has been engaged in collaborative research activities 
consisting of the dispatching of researchers to various institutes located in the tropics and subtropics to 
promote the development of agriculture, animal husbandry and forestry in these regions and substantial 
results were obtained. 

•@However, recently there has been a growing awareness of the importance of conducting collaborative 
research in making use of the high level of research opportunities available in Japan, including advanced 
research fields of biotechnology to alleviate various constraints such as environmental problems 
occurring on a global scale. To achieve this objective, in addition to the dispatching of researchers to 
conduct collaborative research , since 1992 the Visiting Research Fellowship Program has been 
implemented to enable 10 outstanding researchers holding a doctorate degree from institutes located in 
tropical and subtropical countries to carry out collaborative research for a period of one year at the 
Okinawa Subtropical Station of the Center (Okinawa was selected in view of the similarity of the 
research priorities and climatic conditions to those in the tropical and subtropical regions). 

•@To respond more adequately to the rapid and recent changes in the situation of agriculture and food 
supply worldwide, JIRCAS added fisheries to the research fields already covered and included temperate 
and cold regions into the areas targetted for research to address in a comprehensive manner the problems 
of food production and conservation of natural and environmental resources confronting the developing 
regions. Therefore, starting from this year, JIRCAS will implement the Visiting Research Fellowship 
Program at Tsukuba in taking advantage of the research environment of Tsukuba Science City, namely 
the strong base for research and development in the field of advanced science and technology, by inviting 
young promising researchers from counterpart institutes in the developing regions to carry out 
collaborative research in order to address the problems facing these areas. 
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The outline of the program is as follows: 

•@Under the Fellowship Program, a total of 6 researchers will be invited, to carry out research pertaining 
to one of the themes listed below. Four researchers will undertake long-term projects for a period of 2 
years and 2 researchers will be engaged in short-term projects for a period of 5 months. The former 4 will 
carry out collaborative research at JIRCAS, while the latter 2 will conduct research at the National 
Institute of Agrobiological Resources (NIAR) at Tsukuba. 

Research Themes 


1 Long-term Projects 

1. Methods for optimum utilization of biological resources 

1) Analysis of plant responses to environmental stresses and gene expression 

2) Development of DNA-based essay for indexing plant diseases 

3) Development of practical methods for the evaluation of the quality of indigenous crops and for 
the analysis of components and functionality of foods 

4) Methods for the development of livestock breeds with high productivity through crossing with 
indigenous species 

5) Development of methods for the diagnosis and prevention of diseases affecting aquatic animals 
for fresh water and marine aquaculture 

2 Analysis and evaluation of the impact of climatic and anthropogenic factors on environmental 
resources 

1) Relation between climatic changes and biomass in agro-ecosystems 

2) Investigations of the process of rock-weathering through the analysis of the rock surface by 
electron spectroscopy 

II Short-term Projects 

1) Methods for the analysis and preservation of biodiversity 

2) Production of new biological resources through the application of biotechnological procedures 

3) Methods for the analysis and control of biological functions 

Fellowship Qualifications 

(1) Applicants should be outstanding researchers who will play a major role in the activities of the 
counterpart institutes in future. After the completion of the Fellowship, they should continue to carry out 
research at the same institute. 

(2) Hold a Master's degree in a field relating to natural sciences and technology or equivalent 
qualifications in related fields. Be preferably less than 35 years of age. 
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(3) Carry out research related to one of the themes listed under •gResearch Themes*g. 

(4) Should enjoy good health. 

(5) Have an adequate command of English or Japanese language. 

Tenure 

In principle, the long-term projects will cover a period of 2 years and the short-term projects will cover a 
period of 5 months. 

Fellowship Conditions 

(1) A round-trip airline ticket (economy class) will be available. 

(2) Living allowance: \260,000.- per month. 

(including housing allowance) 

(3) Housing: International Guesthouse 
1-2, Kannondai,Tsukuba 

(4) Fixed-rate insurance package (for injury, sickness and damage, etc.) will be covered under the 
JIRCAS Fellowship Program. 

Application Procedure 

Applicants are required to submit the following documents to the Director-General of JIRCAS. 

(1) Application form (Form I) 

(2) Two recommendation letters (Form II) from the official representative or appropriate authority of the 
research organization in the respective research field 

(3) Medical certificate (Form III) 

(4) Copy of University Diploma 

Deadline for Application 
June 30, 1995 
Notification 

The Director General of JIRCAS will examine the application documents and notify the results of the 
selection to the successful applicants and their recommending authorities about two months after the 
deadline date for application. 

Further information about the Visiting Research Fellowship Program can be obtained from the 
International Relation Section, Japan International Research Center for Agricultural Sciences, 1-2, 
Ohwashi, Tsukuba, Ibaraki, 305 Japan. 

Tel.: 81 - 298 - 38 - 6335 
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Fax.: 81 - 298 - 38 - 6337 
Telex: 3652456 JIRCAS J 
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Review on Thai-JIRCAS Collaborative Research for 25 
years 


Kofi Kawashima 

•@The meeting organized for reviewing TARC/JIRCAS*fs collaborative research activities in Thailand 
during the past 25 years was held in Tsukuba, at JIRCAS Headquarters on February 6th, 1995. Two 
delegates from the Department of Agriculture (DOA), Thailand joined the discussions. It was the first 
meeting held at JIRCAS International Conference Room after the opening of the new building in 
December 1994. The review of JIRCAS-Thai collaborative research was particularly timely because in 
September 1994, a ceremony marking the 25th anniversary of the collaboration between the agricultural 
research organizations of Thailand and the research institutes affiliated to the Ministry of Agriculture, 
Forestry and Fisheries of Japan was held in Bangkok (JIRCAS Newsletter Vol. 2, No. 2). 

Photo : Thai-JIRCAS collaborative research 


•@The meeting chaired by Dr. K. Kawashima started with an opening address given by the Director 
General of JIRCAS, Dr. K. Kainuma, followed by an overview of the collaborative research activities 
(Dr. T. Murakami) and review of research in the field of soils and fertilizers (Dr. N. Nakaya) and plant 
protection (Dr. C. Noda), impact of research cooperation on the development of agricultural technology 
in Thailand (Dr. C. Wisit), review of research in the fields of postharvest technology (Dr. H. Nakakita), 
livestock and animal diseases (Dr. H. Hayakawa), future research priorities (Mr. C. Charus) with final 
comments from nine resource speakers covering various research fields including forestry and fisheries. 

•@JIRCAS is currently sending abroad approximately 40 researchers on long-term•(§)assignment every 
year and Thailand remains one of the most important counterpart countries. 

•@During the past 25 years, nearly one hundred researchers with long term assignments stayed in 
Thailand ( 26 for research in the fields of plant protection, 23 for soil and fertilizers, 14 for upland field 
crops , 13 for wetland rice , 12 for research on livestock and animal diseases, 5 for postharvest 
technology, etc. About 580 researchers with short term assignments visited Thailand and from Thailand 
108 researchers and administrators were invited to Japan. 

•@The counterpart-institutes of JIRCAS in Thailand include DOA, Department of Livestock 
Development (DLD), Kasetsart University (KU) and Khon Kaen University (KKU). In addition, research 
is scheduled to be carried out at the Agricultural Development Research Center for Northeast Thailand 
(ADRC), Asian Institute of Technology (AIT) and Department of Land Development (LDD) in future. 

•@During the meeting, Dr. C. Wisit highly evaluated the past collaborative research and as an example 
of successful research in the soil science area, he indicated studies on soil productivity which 
demonstrated that a low phosphorus content in paddy soil was associated with a low rice yield. Although 
the DOA plans to pay more attention to the preservation of the environment, Dr. Wisit stated that the 
improvement of crop productivity still remained one of the major objectives. Mr. C. Charus mentioned 
that the DOA plans to further promote collaborative research in the fields of postharvest technology, 
integrated pest management and environmental protection in future. 

•@During the past 25 years, a total of two to three hundred Thai researchers were engaged in 
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Review on Thai-JIRCAS Collaborative Research for 25 years 

collaborative investigations with TARC/JIRCAS members on a long term basis. In addition, it was 
emphasized that more attention should be paid to postharvest problems. In this regard, the DO A will be 
reorganized and a new institute for research on postharvest technology will be established. The 
utilization and development of livestock resources will be one of the future research subjects. In the 
fields of fisheries research collaboration which was initiated in 1994 at KU will be further promoted. 

•@Also a comprehensive research project for the development of sustainable agricultural systems in 
Northeast Thailand for a duration of seven years will start in 1996, with the participation of seven Thai 
organizations. 
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New Buildings for JIRCAS 


Taiichiro Maekawa 

•@0n April 18, 1995, a ceremony was held to mark the official inauguration of the new JIRCAS 
buildings (JIRCAS Main Building, Fisheries Science and Earth Science Laboratories and Biotechnology 
Unit). These buildings are located within a short walk from the Central Building where most of the 
research divisions remain. The new buildings with their simple and functional design and walls made of 
pale moss green ceramic tiles are well integrated within the surrounding landscape. 

1. JIRCAS Main Building 

•@This building where the headquarters of JIRCAS are located consists of three parts: Center, East Wing 
and West Wing. 

1. Center: On the first floor there is a large entrance hall (567 m 2 ),»gJIRCAS Halbh with an area for 
informal meetings and an information comer for the public. The walls are decorated with 
photographs illustrating various aspects of agriculture, forestry and fisheries worldwide taken by 
JIRCAS researchers during surveys or long-term assignments. The International Conference Room 
with a booth for simultaneous interpretation and a sophisticated projector is on the second floor. 

2. East Wing: The first floor houses the Research Information Division, including an information 
•(©processing room containing various types of computers. On the second floor the facilities of the 
Research Planning and Coordination Division as well as a lecture room are located. 

3. West Wing: The facilities of the Administration Division are located on the first floor. The second 
floor houses the office of the Director General in addition to several other offices and meeting 
rooms. 

2. Fisheries Science and Earth Science Laboratories 

These facilities that are housed in a separate building contain advanced equipment for various analyses 
and experiments. The ESCA (Electron Spectroscopy for Chemical Analysis) apparatus enables to analyse 
the surface of materials at the molecular level. With the Aquatron studies on the optimum conditions for 
aquaculture of freshwater, marine and brackish water fishes can be carried out. The Wind Tunnel enables 
to analyse the effects of climatic factors on crop cultivation, including changes in the atmospheric air 
stream, temperature and humidity levels. Among the apparatus, ESCA is of major interest as there are 
only five instruments of this kind in Japan. These facilities will be used to promote basic research related 
to fisheries science and earth science for application to various fields of agriculture, forestry and fisheries 
both in Japan and overseas. 


3. Biotechnology Unit 

•(©This two-storied unit is equipped with the most advanced facilities to carry out research on gene 
transformation and regulation of expression in plants to develop transgenic plants tolerant to various 
adverse environmental conditions, including drought tolerance. There are also three P2-level laboratories 
and greenhouses where gene engineering studies can be conducted with maximum safety. 
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New Buildings for JIRCAS 

•@It should be emphasized that the facilities described above which will be used by researchers from 
both JIRCAS and various countries were built to contribute to the development of sustainable production 
in the field of agriculture, forestry and fisheries worldwide. 

Photo j JIRCAS Main Building 

Photo : JIRCAS Biotechnology building 
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JIRCAS RESEARCH HIGHLIGHT 

Analysis of Land Degradation Phenomena Using Remote Sensing Techniques 
- Extraction of Geomorphological Characteristics and Land Coverage in Eroded Areas - 

Satoshi Uchida, Shahid Ahmad* andRakhshan Roohi* 

•(©Studies on the geomorphological patterns which describe the specific characteristics of gullies caused 
by severe soil erosion were carried out in the Pothwar plateau area located in the northern part of the 
Punjab province, Pakistan. Various types of sensors loaded on remote sensing platforms in the upper 
atmosphere enabled to observe these patterns. 

•(©Examination of the spatial characteristics of satellite imagery of SPOT data showed that the variation 
in brightness of pixels within a distance of about fifty meters was considerably larger in severely eroded 
areas compared with other areas. The two-dimensional distribution of gully areas assumed a shape 
corresponding to the dissection of the valleys. Based on these observations, a model was constructed for 
automatically identifying eroded areas by image processing of remote sensing data. In some cases, it was 
possible to distinguish eroded areas from others although additional geographic information, such as the 
topography or location of settlements, may be necessary to improve the performance of the method. 

•(©Another attempt was made to analyze the relation between erodibility and ground surface conditions 
which could be estimated by the calculation of multispectral band data of LANDSAT-TM. It was 
observed that the erodibility was negatively correlated with the coverage index deduced from band 2 
(green) and band 3 (red) data at the time of Rabi cuitivation . 

•(©Soil erosion shows a dynamic behavior with temporal changes depending on environmental 
conditions. One of the advantages of remote sensing is that the same area can be observed repeatedly 
within a certain interval of time. This thus suggested that a model describing the dynamic behavior of 
soil erosion based on the results of this study can be constructed by analysis of multi-temporal data. 
(^National Agricultural Research Center, Pakistan) 


•@ Photo: Eroded area appearing as dissected Valleys by SPOT panchromatic imagery. 
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Structure and Function of Dehydration - Inducible Genes in Higher Plants 

Kazuko Yamaguchi-Shinozaki and Tomio Terao 

•@The genetic improvement of drought tolerance is an important problem for the future of agriculture in 
desert and savanna areas of developing countries. Biotechnology has the potential to improve the drought 
tolerance of crops using transgenic plant technology. The limiting factor for developing this technology 
are the isolation of genes that function in drought tolerance and the precise understanding of the 
molecular process of drought tolerance. As higher plants are immobile they must adapt to conditions of 
severe environmental changes in order to survive. Plants respond to these environmental changes with a 
number of physiological and developmental changes to tolerate these stresses. Drought, one of these 
stresses, severely affects plant growth. Plant hormone, abscisic acid (ABA) is produced under water 
deficit conditions and plays an important role in drought tolerance.A number of genes respond to 
dehydration as well as exogenous ABA treatment at the transcriptional level. However, there are few 
reports on the dehydration stress-induced expression of genes prior to the accumulation of endogenous 
ABA. 

•@We used Arabidopsis thaliana as a plant material for the analysis of molecular processes of drought 
tolerance. In order to analyze the early response of plants to dehydration stress at the molecular level, we 
isolated cDNA clones for drought-inducible genes expressed prior to the accumulation of endogenous 
ABA. When Arabidopsis plants were subjected to dehydration stress, they lost water gradually, reaching 
a plateau of 90% water loss after 10 hr of dehydration stress. Accumulation of ABA began to increase 
after dehydration-stress for 2hr and reached a maximum level at 10 hr.We constructed a cDNA library 
from polyA RNA prepared from 1-hr dehydrated Arabidopsis plants. We isolated 26 cDNA clones from 
the cDNA library by applying the differential screening method. The cDNA clones were classified into 
16 groups based on Southern blot hybridization, and named ERD (Early Responsive to Dehydration). All 
the genes, named erd, corresponding to ERD cDNAs were induced by lhr-dehydration. Nucleotide 
sequences of the DNA inserts of the 16 ERDs have been determined and homologies to these 16 
sequences were examined in a protein sequence data base.These analyses of the cDNAs revealed that 
genes induced by dehydration encode proteins that may play a role in the protection of cells from 
dehydration as shown in Figure 1. For instance, they encode putative proteinases that may degrade 
denatured or unnecessary proteins, chaperonins that probably renature proteins, water channel proteins 
that function in controlling the osmotic potential of stressed cells, LEA proteins that may protect plant 
cells against dehydration, and so on. These genes could be used as useful sources for the construction of 
transgenes to transform crop plants in order to produce drought tolerant transgenic crops in the near 
future. 

•@Drought-or salinity stress-induced senes and their functions in stress tolerance in higher plants 
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Micro-climatic improvement associated with the use of windbreaks made of a combination of various tree species 


JIRCAS RESEARCH HIGHLIGHT 

Micro-climatic improvement associated with the use of windbreaks made of 
a combination of various tree species 


Taichi MAK1 

•@It is important to improve the micro-climate in marginal areas of arid lands where desertification is 
expanding. It was shown that the micro-climatic conditions improved or could be alleviated by the 
construction of multiple rows of windbreaks made of a combination of various tree species in an 
agricultural field, and that crop growth and development were promoted and the yield increased under 
high temperature conditions of dry and strong wind at Turpan, China. The height of the windbreaks made 
of Ulmus pumila L., Elaeagnus angustifolia L. and Populus euphratica Oliv. was 8.0 m and the tree 
density was 70%. 

•@The wind speed decreased by 40% on the windward side of the first windbreak, then it increased by 
80% gradually near the windward side of the second windbreak. However, the wind speed decreased 
with the increase of the number of windbreak rows. The negative effect of the decrease of the wind speed 
on the increase of the air-soil temperatures was considerable during the day. However the humidity 
which is important in arid lands increased and its effect became more pronounced with the increase of 
the number of windbreak rows. 

•@The decreasing pattern of the wind speed during the night was similar to that during the day. The air 
and soil temperatures increased near the windbreaks, but decreased by radiation cooling between the 1st 
and 2nd windbreaks. The effect of humidity during the night was more pronounced than that during the 
day in particular when the number of windbreak rows increased. 

The height of cotton plants at the early stage of growth and development was large from 1 to 10 H 
(distance from the windbreak expressed as multiples of windbreak height, H) for the 1st windbreak and 
for the 2nd windbreak from 5 H on the windward side. At the maturation stage, crop height was large 
from 3 to 8 H on the leeward side from the 1st windbreak and at around 2 H on the windward side for the 
2nd windbreak. The effect of the windbreak on cotton yield was more pronounced than that on crop 
height. 

Fig. 1.Variation of crop height of cotton at(A)young stage and (B)mature stage, and (C)cotton lint 

number per hill at mature stage cased by the windbreaks made of a combination of tree species. * @ 
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Development of water balance model for Tank Cascade Irrigation Systems in Sri Lanka 
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Development of water balance model for Tank Cascade Irrigation Systems in 
Sri Lanka 


Jun Itakura 

•@In the dry zone of Sri Lanka, the construction of inter-connected tank (reservoir) irrigation systems 
used to be a traditional method of irrigation to alleviate water shortage. A series of tanks had been linked 
in a small watershed to facilitate the re-use of return flow. Such irrigation systems referred to as *g Tank 
Cascade Irrigation Systems (TCIS) *h enabled farmers to use small watersheds and were extensively 
developed in ancient times. 

•@However, the use of TCIS declined during the colonial period. The over-exploitation of tanks and 
poor management had disturbed the water use within watersheds. At present, the rehabilitation of TCIS is 
one of the major agricultural policies in Sri Lanka. To achieve this objective, JIRCAS and IIMI initiated 
a joint research project in 1991, to develop a water balance model of TCIS in order to rehabilitate the 
TCIS. 

•@One typical TCIS was selected as a study site. Based on a two-year analysis of the water balance 
seepage & percolation loss rate of the system was estimated at 4.7 mm/day. It was found that wasteful 
consumption of water (including seepage & percolation loss, evaporation loss) accounted for over 50% 
of the total water consumption in the watershed. These figures underline the ineffective aspect of TCIS. 

•@Water balance analyses indicated that the return-flow (inflow from the upstream tank to the last 
downstream tank) ratio accounted for 20 - 40% of the total outflow consisting of seepage & percolation 
loss and water discharge from the upstream tank. These findings confirm that the re-use of return-flow is 
a very important factor for water use in TCIS. 

•@In the basic design of the water balance model, three coefficients (runoff percentage,seepage & 
percolation loss rate, return flow ratio) essential for the construction of a water balance model were 
determined. To incorporate these coefficients into the model, fluctuations of tank water storage volume 
were simulated and compared with actual fluctuations. Although this model was very simple, the 
similarity of the two fluctuation curves was very close and it was considered that the model may enable 
to develop techniques for improving long-term water management and rehabilitation of TCIS. 

Due to the deleterious effect of overcrowding of tanks such as increase of water use and water pollution, 
the possibility of streamlining tanks in TCIS was studied with the model. It was considered that the tank 
in the most upper-stream position could be eliminated and combined with the second upper-stream tank 
at the expense of water use. For the management of TCIS in future, streamlining of tanks should be 
examined. 


Photo : Tank Cascade Irrigation Systems in Sri Lanka 
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Procedure for simultaneous analysis of productivity and adaptation traits in 
indigenous cattle in Africa 


•@Kenji Togashi 

•@Indigenous cattle in Africa, through natural selection, have developed characteristics which make 
them well-adapted to adverse environmental conditions such as diseases, parasite infestations, climatic 
and nutritional stress. Thus, indigenous breeds are valuable genetic resources which need to be 
maintained and improved to implement livestock breeding programs. There is a great potential for 
improving livestock productivity by utilizing genetic adaptation of African indigenous livestock. 
However, unless the structure of genetic variation in a livestock population in Africa is analyzed, future 
livestock development may be difficult due to the loss of the genetic diversity which evolved over 
millennia. In low input and highly variable environments such as those prevailing in the tropics, 
especially in smallholder systems, selection pressure on females for production traits such as milk yield 
is nearly zero. Thus, how long a cow remains in a herd is closely linked to her overall adaptation. Under 
such circumstances herd-life can be considered to be a measure of adaptation. At any point in time, the 
period during which a particular animal remained in the herd can be considered to correspond to 
herd-life. However, such animals still may stay in the herd beyond the period of measurement. Thus, 
herd -life is right-censored. If censoring is ignored in the analyses, information may be lost and bias may 
be introduced. Several methods have been developed for analysing survival data in cattle. However, none 
of these took into account censoring. A procedure for simultaneous analysis of productivity traits for 
example (milk yield) and adaptation traits (herd-life) was developed in which location parameters (sire or 
animal breeding value) for herd-life (right-censored) and milk yield (uncensored) were estimated. A 
subset of the data on Kenyan Friesian was used to illustrate this procedure. The estimates for heritability 
for milk yield, heritability for herd-life, genetic correlation and residual correlation were 0.172, 0.424, 
-0.452 and 0.210, respectively. Particularly genetic correlation was negative, suggesting that selection for 
the increase of milk yield may adversely affect adaptation. That is ,we may lose the genetic adaptation 
which evolved over millennia in indigenous cattle in Africa if we keep selecting only for productivity 
frait, for example the increase in milk yield. The productivity of indigenous cattle in Africa could be 
improved without a concomitant loss of adaptability by using the simultaneous procedure developed in 
the cooperative studies between ILRI (International Livestock Research Institute) and JIRCAS. 

•@ Photo: Cattle market in Addis Ababa 
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Letters to the Editor from JIRCAS Visiting Scientists 



JIRCAS visiting in 1994, From left to right, Mohamad Hassan Rashad, Tie Gang Lu, Ancha Srinirasan 
Bayani Espiritu, L. Gunarto, Nampiah Sukarno, Abdul Baset, Xu Ningsheng, Nguyen Tien Thinh and 

Mbangu Musoko 
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In vitro selection and introduction of salt tolerance into cultivated rice varieties from their wild relatives 

In vitro selection and introduction of salt tolerance into cultivated rice varieties from their wild 
relatives. 

•@Salinity affects about 400 million hectares of land in the world. In Bangladesh approximately 1 million 
hectares of land are affected by salinity problems in the coastal regions, and not suitable for rice 
cultivation. This saline area is increasing day by day along with the expansion of shrimp culture. Over 
the past 25 years, with the active cooperation and financial support of the International Rice Research 
Institute (IRRI), the Bangladesh Rice Research Institute (BRRI) has so far developed more than 20 
high-yielding rice varieties adapted to different agro-ecological regions of the country. However, none of 
the modem varieties developed by BRRI are salt -tolerant. Actually in the past, BRRI had attempted to 
develop or improve high-yielding rice varieties suitable for favourable environments only. Since the 
population of the country is increasing rapidly, the demand for an increase in rice production is also 
growing. It is therefore, essential to develop modem rice varieties adapted to stress environments along 
with favourable environments. Recently BRRI has undertaken research projects to develop modem rice 
varieties adapted to stress environments. Salinity is one of the problem areas that is targeted. 

•@As a recipient of the JIRCAS-Visiting Research Fellowship Program 1994,1 am carrying out some 
studies on in vitro selection of proline & hydroxyproline-resistant varieties of cultivated rice that could 
be utilized in the salt-tolerant rice variety development program. I am also trying to incorporate salinity 
tolerance gene(s) into cultivated rice varieties from their wild relatives using appropriate 
biotechnological procedures. I hope that the research experience and knowledge that I am acquiring 
through this fellowship will be useful for the development of salt-tolerant rice varieties in Bangladesh in 
future. 

•@ 

Dr. Abdul Baset 
Senior Scientific Officer 
Bangladesh Rice Research Institute 
Gazipur-1701, BANGLADESH 
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Crop Production in Hot and Dry Environments - 
A Growing Challenge to Agricultural Sustainability 

•@Hot weather and moisture deficits cause substantial reductions in crop productivity. Breeding of 
stress-tolerant crops is of considerable significance for two reasons. First, there is a growing need to use 
more marginal land for food production due to increasing pressures of rising human population and 
degradation of favorable land and natural resources. Secondly, the predictions on climate change indicate 
that in future carbon dioxide concentrations will increase, periods of hot weather may be more frequent 
and extreme, and that water limitation may be more severe than now. Progress in breeding cultivars 
adapted to these climates is, however, slow due to the limited knowledge on genetic diversity for 
tolerance, and the lack of simple and reliable screening techniques. 

•@Legumes are important sources of protein and fat in many developing countries but their cultivation is 
being increasingly relegated to marginal lands. Improvement of stress tolerance in legumes can ensure 
sustainability. I have been carrying out studies on heat tolerance of legumes since October 1993. The 
results suggest that groundnut and soybean are more tolerant than pigeonpea and chickpea, and that each 
legume shows a wide genetic diversity. Refinement of screening methods, and analysis of the 
mechanisms of tolerance during pod set are in progress. 


Ancha Srinivasan 

JIRCAS Visiting Research Fellow (1993-1995) 
Andhra Pradesh, INDIA 
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Knowing More About Bacteria Which 


Knowing More About Bacteria Which 
Filter out Methane in Rice Paddies 

•@Methane is an important greenhouse gas that significantly contributes to global warming. It has been 
associated with past climatic changes in the world. Today, the concentration of methane in the 
atmosphere increases by about 1% every year. A significant proportion of methane global emissions is 
derived from rice paddies through the methane producing microorganisms. Much is known already about 
methane production but less on its regulation. 

•@ While there are bacteria which produce methane, there is another group that eats up methane. These 
are the methane-oxidizing bacteria (MOB) and they are considered to play a major role in regulating the 
fluxes of methane from important methane sources such as wetlands and rice paddies. The MOB are 
obligately aerobic bacteria that can utilize methane as the sole source of carbon and energy for growth. 
They are important biological regulators of methane in nature. 

•@ Very limited information is presently available on the levels of populations of MOB and their 
activities in different environments such as rice paddies. We are now conducting experiments on these 
aspects which may enable to improve management practices or to identify inputs to control methane 
emissions. 

•@For this reason, I feel that we are really doing some pioneering studies here at JIRCAS. I am working 
on MOB with a Japanese co-researcher, Dr. K. Adachi, under the guidance of Dr. T. Senboku, our 
section head. 


Bayani M. Espiritu, Ph.D. 
Researcher and Project Leader 
BIOTECH, U.P. Los Banos 
College, Laguna, PHILIPPINES 
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Azospirillum Inoculation to Lowland Rice: 

Enhancement of Plant Growth and Increase of Nitrogen Fertilization Efficiency 


•(©Fertilizers are considered to be very important inputs leading to increased yields : they were 
responsible for approximately 55% of the increase in yields in developing countries. The expansion of 
fertilizer use is expected to be rapid during the next two decades, averaging 8.5% a year. Since the 
foreign exchange cost of fertilizer to importing countries is high, accounting for more than half of the 
total cost, and as its cost to the producer in relation to total monetized inputs is also high, priority should 
be given to research aimed at increasing the efficiency with which inputs are used. 

•(©Nitrogen is the most common nutrient whose deficiency affects the production of crops. Studies on 
the increase of N fertilization efficiency have been carried out mostly through the manipulation of the 
form and application of N fertilizer. The inoculation of Azospirillum to lowland rice may enable to 
increase the efficiency of N fertilization at a lower cost and in turn increase the benefit of the farmers. 
Azospirillum which are associative N 2 -fixer bacteria are able to produce a growth hormone leading to the 
improvement of the growth of plant roots and to the enhancement of the ability of the plants to absorb 
nutrients. 

•(©Presently, I am trying to isolate endogenous Azospirillum from Ishigaki island, Japan and screen them 
to select a promising isolate that may enable to promote the growth of lowland rice. I am also trying to 
determine to what extent Azospirillum can minimize the rate of N fertilizer applied to lowland rice. These 
studies may contribute to a better understanding of the means to improve the technology for increasing N 
fertilization efficiency compatible with the preservation of the environment. 


L. Gunarto 

Soil Microbiology Laboratory 

Central Research Institute for Food Crops (CRIFC) 

Jl. Tentara Pelajar No. 3A, Bogor 16114, INDONESIA 

•(© 
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Mycorrhizas: Colonists of Plants and Soil and Their Role in Sustainable Agriculture 

•@World agriculture faces an unprecedented problem: that of achieving long term sustainability in the 
supply of food for domestic and international consumption. Sustainability of crop production depends on 
many factors including the maintenance of optimum soil physical structure and chemical and biological 
balances in the soils. Conventional agriculture has highlighted the problems of soil degradation arising 
from the excessive use of pesticides and chemical fertilizers, the removal of organic matter from the 
topsoil, erosion and compaction. This has led to a call for change from production-oriented agriculture to 
production and protection-oriented one. Such a call is very appropriate for many African countries where 
the cost of chemical fertilizers is prohibitive to a large number of small scale farmers, and where 
population pressure has led to markedly reduced fallow periods to enable adequate soil fertility recovery. 
There is increasing evidence showing that the integrity and resilience of the soil-plant system in the face 
of natural and cultural stresses depend on a myriad of microorganisms such as mycorrhizas. 

•@Mycorrhizal fungi penetrate living cells of plant roots without harming them and their hyphae utilize 
bulk soils, thereby linking plants and soils and act as mineral transport agents. The potential of the 
vesicular-arbuscular type of mycorrhizas to increase plant productivity is well recognized though 
insufficiently exploited. My studies in Ishigaki are aimed at selecting efficient indigenous strains of 
mycorrhizal fungi, establishing a germplasm bank and selecting optimum fungi/host plant combinations 
to enhance crop production. 


Dr. Mbangu Musoko 

International Institute of Tropical Agriculture 
Ibadan, NIGERIA 
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Physiological Studies on the Mechanism of Heat Tolerance in Cabbage Varieties 


•@Cabbage is considered to be one of the most popular vegetables for human beings. Increase of 
productivity is essential to meet the demand of the population. In Egypt, cabbage plants are always 
grown in the winter season. 

•(©Investigations on the metabolic responses to temperature of different cabbage varieties have been 
carried out at different potassium and nitrogen levels, as well as plant hormonal concentrations 
(GA3,IAA). 

•@The process of acclimatization to high temperature involves the acceleration of the photosynthetic 
activity, sugar accumulation, increase in growth and cuticle layer accumulation rates and decrease in 
transpiration and evaporation rates. 

•@I am thus analysing various physiological characteristics of cabbage varieties under high temperature 
conditions compared with the control temperature to develop positive correlations between heat stress, 
nutrient levels and plant hormonal concentrations to increase vegetable production. 


Mohamed Hassan Rashad 
Lecturer of Plant Physiology 
Faculty of Agriculture 
Cairo University, EGYPT 
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Use of Vesicular-Arbuscular Mycorrhizas as Biofertilizer to Improve Crop 
Production 


•@Vesicular-arbuscular mycorrhizas (VAM) induce mutualistic symbiosis between plant and fungus. 
This symbiosis is found in most (over 90%) of the major plant families including agriculturally important 
plants such as maize, soybean, onion, upland rice, citrus and cacao. Numerous experiments have shown 
that a wide range of plant species benefit from infection with VAM fungi, primarily through enhanced 
phosphorus (P) uptake, especially in P-deficient soils. The fungus benefits from this association by 
obtaining its carbohydrate requirements. 

•@P deficiency is one of the common nutrient problems which limit plant growth particularly in acidic 
soils. The role of VA mycorrhizal fungi is important under such conditions because external hyphae in 
the soil can compensate for poor root growth by taking up nutrients particularly P, after which the fungi 
in the roots transfer the nutrient to the plant, which in turn enhances plant growth. 

•@The aim of the project is to isolate and evaluate VAM fungi which are efficient in taking up P from 
the soil and subsequently promoting the growth of the plant primarily in acidic soils on Ishigaki island. 
The project may contribute to the isolation and screening of acid-tolerant fungi which are efficient for 
enhancing plant growth, able to function with low inputs of P fertilizer and responsive to a wide range of 
crops. 

•@The results from the research outlined above will be further applied at Bogor Agricultural University 
(IPB), Bogor, Indonesia after the completion of the fellowship, to promote basic research on the 
mechanism of acid tolerance of VA mycorrhizal fungi and utilization of VA mycorrhizal fungi 
particularly in acidic tropical soils to enhance crop production in the field. The studies may contribute to 
the development of sustainable agriculture compatible with the preservation of the environment on a 
global scale. 


Nampiah Sukarno 

Laboratory of Mycology, Department of Biology, Faculty of Mathematics and Natural »@ 
•@ »@ »@ »@ »@ »@ Sciences 

Bogor Agricultural University, Bogor, INDONESIA 
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Preservation of Plant Genetic Resources in VIETNAM 


•@ Although VietNam is a small country in South East Asia, the specific geographical and climatic 
conditions make it rich in plant genetic resources. This natural receptacle for a long time, however, has 
been subjected to various types of erosion, of which the VietNam War and the post-war poverty could be 
the two major factors. As a result, some valuable species have already become extinct and many others 
are disappearing. Recently, international programs of assistance in the collection and preservation of 
plant germplasm have been implemented in VietNam. 

•@ Along these lines, I am fortunate to have the opportunity to carry out studies on the cryopreservation 
of plant genetic resources of one of the important tuber crop plants in VietNam -Taro (Colocasia 
esculenta Schott.) under the JIRCAS Fellowship Program. 

•@Such studies which are among the first in this field in VietNam should contribute to the development 
of a firm base for further undertakings in the preservation of natureal resources through biotechnology. 


Nguyen Tien Thinh 
Apllied Radiobiology Division 
Nuclear Research Institute 
Dalat, VIETNAM 
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Collection, Evaluation and Conservation of Genetic Resources of 
Vegetatively Propagated Crops 


•(©Because of the large size and geological and climatic complexities, China is rich in plant genetic 
resources. A large number of germplasm accessions have not been collected, evaluated, conserved and 
used up to now. With the increase in the developmental activities of mankind, plant genetic resources 
especially those of vegetatively propagated crops, are being rapidly lost because they are mainly 
conserved in the field and are easily destroyed by human intervention and natural disasters. 

•(©Biodiversity has become one of the most important research topics in China since the signature of the 
World Treaty on Biodiversity in 1992. At the Institute of Botany, Academia Sinica in Beijing, more than 
100 researchers are engaged in research on these subjects. Collection, evaluation and conservation of 
genetic resources are the main aspects of such research. I feel that the protection of plant genetic 
resources is essential for the survival of mankind. 

•@At the JIRCAS Okinawa Subtropical Station, I am studying various aspects related to the 
conservation and evaluation of yam germplasm. I hope that I shall be able to apply the various new 
techniques learned in this program in my future studies on vegetatively propagated plants such as 
medicinal plants and fruit trees, which play an important role in China's agriculture, medicine and 
economy. 


Dr. Tie Gang LU 

Assoc. Prof., Institute of Botany, Academia Sinica 
Beijing 100044, CHINA 
•(© 
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Evaluation of Rice Germplasm for Salinity Tolerance 


•@Salinity limits rice yields or prevents rice planting over large land areas around the world. Population 
pressure and loss of favorable land require research to develop varieties that can more effectively tolerate 
salinity. To achieve this objective, the evaluation and utilization of rice germplasm accessions are 
essential. 

•@There are abundant rice germplasm resources in Yunnan province, China, which is considered to be 
one of the resources center of diversity of cultivated rice. Since 1982, Yunnan Academy of Agricultural 
Sciences has cooperated with TARC (Tropical Agricultural Research Center) and subsequently with 
JIRCAS, (Japan International Research Center for Agricultural Sciences) to evaluate and utilize rice 
germplasm and significant progress has been made. 

•@As a researcher from the Yunnan Academy of Agricultural Sciences, I am evaluating the 
salt-tolerance of rice germplasm from Yunnan province. I have studied about 200 Yunnan varieties from 
the Gene Bank in Japan. I have detected salt-tolerant varieties, among which upland rice varieties. I plan 
to investigate various physiological characteristics. This information, I believe may enable us to analyse 
tolerance mechanisms that could contribute to the development of salt-tolerant varieties. 


Xu Ningsheng 

Yunnan Academy of Agricultural Sciences 
Kunming City, Yunnan Province, P. R. CHINA 

Photo : Screening of rice genotypes from Yunnan Province , China for salt tolerance at seedling stage 
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Tsukuba seminar on the occasion of Japan-IRRI day 

Shoji Miyazaki 

•@The seminar entitled *gRecent progress in Rice Research and Challenges toward the 21st Centuryh, 
sponsored by the Japan International Research Center for Agricultural Sciences (JIRCAS) was held in 
cooperation with the International Rice Research Institute (IRRI) in the auditorium of the Tsukuba Office 
of the Secretariat of the Agriculture, Forestry and Fisheries Research Council, Tsukuba City, on 
November 24, 1994. 

•@The Tsukuba seminar, one of the two important meetings organized on the occasion of Japan-IRRI 
day, focused on scientific aspects and was followed by the Tokyo meeting for public awareness which 
was held on the next day in Tokyo. Approximately 400 participants including ten scientists from IRRI 
were gathered together to review recent progress in rice research and also discuss future prospects at the 
seminar. 

•@*gMore than one thousand children die every hour because of hunger and hunger-related diseases'll 
said Dr. Klaus Lampe, Director General of IRRI in his keynote address. *gFrom soil preparation to 
harvesting, what have been the standard practices over thousand of years will in all likelihood change 
drastically before the middle of the next century. Our ultimate goal is harmony between the need for 
doubling food production and our obligation to protect the resources on which this production is based.«h 

•@ After another keynote address entitled 'gGenetic Restructuring of Rice Plants'll presented by Dr. 
Hiroshi Fujimaki, Director General of the National Institute of Agrobiological Resources, seven papers 
were presented by rice researchers as follows : G.S. Khush, Challenges in Rice Breeding and 
Biotechnology; M. Yano, Genome Research and Breeding Strategies in Rice Plants; M. Yamauchi, 

Direct Seeding Technology; R. Ikeda, Rice Breeding in Japan; P.S. Teng, Sustainability in Rice 
Growing; K. Ohtsubo, Grain Quality and Utilization in Rice; T.W. Mew, IRRI-Japan Shuttle Program 
Strengthens Rice Research. 

•@During the seminar, the auditorium was full of participants including numerous young scientists as 
well as students who are involved in rice research. We hope that many of these young people will join 
our effort to fill up billions of empty rice bowls with rice, with emphasis placed on the sustainability»@of 
agricultural production. 

•@Photo : Japan-IRRI Day in Tsukuba 
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•aNew Research Area»a 

Research Collaboration with Mongolia 

NAKANO H. and T. MIYASHIGE 

•(©Mongolia is a country of highlands surrounded by Russia and China. Although the land area of 
Mongolia is four times larger than that of Japan, its population is only about two millions which is 
equivalent to one fiftieth of Japan population. Recently Japanese mass media have given a wide coverage 
of the nature, people, culture and society of Mongolia after the opening of Mongolia to foreign countries. 
These programs reflect the deep interest of the Japanese people in Mongolia. Collaboration with the 
Japanese Government has also been initiated in many fields. However, it was the first mission of JIRCAS 
to determine whether a form of collaboration in the field of agriculture could be initiated with Mongolian 
organizations. 

Country of grasslands 

•@Mongolia is a country of grasslands and nomads. A Mongolian proverb says ‘gMongolians are bom 
on the back of a horse and grown there«h. Sheep, goats, cattle and yaks,camels in addition to horses are 
also very important animals for nomadic people who account for about half of the population. Grasslands 
cover 80% of the land area. From on airplane, in summer Mongolia appears as a vast green grassland 
where many wheel tracks connect towns and camping sites of nomads. Ulan Bator was hidden in the 
grassland. In Mongolia, we were surprised to observe such a variety of traditional foods made of 
livestock products. Most of the nomads have lived only with these foods without consuming any cereals 
and vegetables. 

•@ After World War iU, mechanized farming for upland crops and large-scale livestock production were 
introduced in the country in order to increase the agricultural productivity and meet the demand of the 
consumers in newly built cities. Thereafter the production of cereals and vegetables was promoted. 
Currently people living in the cities consume a large amount of foods of plant origin as well as livestock 
products. However, along with the introduction of a market economy after the collapse of the socialist 
system, the productivity of modem agriculture in this country has experienced a decrease. The supply of 
agricultural chemicals such as fertilizers was discontinued and agricultural machines, irrigation facilities 
and plant equipment for food processing factories became obsolete. 



nomad Family 
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•@ 

For future development in agriculture 

•@Climatic conditions are very harsh in Mongolia. Since from October to April there is a long winter, 
the nomads must protect their animals from the intense cold. Heavy snow makes it difficult for the 
animals to graze on withered grass. In the cropping season from May to September, the productivity of 
cereals such as wheat and barley is low and very unstable due to cold stress and drought stress. Strong 
wind in spring and fall causes severe soil erosion of the cultivated fields. The soil fertility is gradually 
declining due to soil erosion and the insufficient application of organic materials. Scarce rainfall 
contributes to salt accumulation in soil, too. 

•(©Moreover, the changes in the eating habits of the Mongolian people mainly in cities are associated 
with an ever-increasing demand for vegetables, rice, sugar and vegetable oil as well as livestock 
products. The development of agricultural technology for producing the foods must be promoted to 
achieve self-sufficiency. In future, preservation of native grasslands will be an important subject for 
increasing livestock production. Mongolian researchers discussed prospects for the future and 
emphasized the role of agriculture in the economy of the new country. They hope that research 
collaboration with JIRCAS will be initiated to address these problems. »@ Fare well and Meeting again 

•@We remember with great pleasure a party held in the camp of nomadic families who invited us, We 
were served sheep meat cooked in the Mongolian style and kumiss, on alcoholic beverage made of 
mare*fs milk. After the party, we were taken to a small hill and drank together again. It is a ceremony 
whereby Mongolian nomads bid farewell, hoping to see their guests again. 

•@The people in Mongolia, who lead a secluded life in vast grasslands, obviously enjoy meeting their 
friends. We do hope that it will be possible to initiate a form of collaboration between Mongolian and 
Japanese scientists . 
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•aResearch Collaboration**! 

Collaborative Research Project with CIMMYT on 
Wheat*~Maize Crosses 


Masanori Inagaki 
Biological Resources Division 

•@The International Maize and Wheat Improvement Center (CIMMYT) was established in 1966 in 
Mexico, following the implementation of a special research program sponsored by the Mexican 
Government and the Rockefeller Foundation. CIMMYT, with headquarters at El Batan, 45 km northeast 
of Mexico City, and with 15 regional offices in the developing countries, implements research and 
training programs related to the production of maize and wheat. Major activities include the development 
and worldwide distribution of improved varieties, the conservation of genetic resources, and the 
production of documentation related to new knowledge about these crops. 

•@New wheat varieties developed by CIMMYT in the 1960s are characterized by a stable stem rust 
resistance, photoperiod insensitivity and semi-dwarfness. These characters allow adaptation of the wheat 
varieties far beyond Mexico to other developing countries. The resulting rapid growth in wheat 
production led to the term of *gGreen Revolution*^ In the Post-Green Revolution phase, various 
agroecological regions or mega-environments of the developing countries have been defined in order to 
develop effective breeding strategies. The methodology for wide adaptation and high yielding potential 
involves shuttle of breeding materials between alternate sites in Mexico. Rapid development of the 
varieties is another aspect to meet the demand for increasing production. 

•@Use of haploids is of great interest to wheat breeders, since the production of haploid plants followed 
by chromosome doubling enables to obtain genetically homozygous lines. The successful production of 
doubled haploids provides the most rapid method for developing homozygous breeding lines with 
favorable uniformity in selection procedures, and complements conventional breeding programs. The 
Japan International Research Center for Agricultural Sciences (JIRCAS, formerly Tropical Agriculture 
Research Center) has been promoting technical development of wheat haploid production through wide 
crosses in collaboration with the International Center for Agricultural Research in the Dry Areas 
(ICARDA). It is possible to obtain wheat haploids from wide crosses using wheat as female parent and a 
perennial species, Hordeum bulbosum L. as pollen parent. After fertilization, the chromosomes of the 
pollen parent are eliminated from the hybrid zygote resulting in the production of wheat haploids. This 
method is limited since the success of haploid production strongly depends on the wheat genotypes used 
for crosses. 

•@Recent reports have indicated that crosses of wheat with maize pollen resulted in the production of 
wheat haploids across diverse wheat genotypes. In addition to maize, selected species from the 
Panicoides subfamily, such as pearl millet and sorghum, also provide an alternative pollen source for 
wheat haploid production. A collaborative research project between CIMMYT and JIRCAS has been 
carried out since 1993 and has focused on the development of wheat*~ maize crosses for producing and 
utilizing wheat haploids for breeding purposes and genetical analyses. The current cooperative studies 
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related to wheat haploids include the development of method for long-term storage of maize pollen, 
genetic analysis of drought tolerance, and evaluation of various breeding schemes. Technical 
development for efficient production of wheat haploids should contribute to the promotion of basic 
research projects as well as conventional breeding programs. 


Photo 1. CIMMYT Headquarters at El Batan, with maize and wheat fields. 

Photo 2. Embryos of wheat seed 
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JIRCAS Newsletter 1995 (Vol.3 No.2) 



Contents of No.2 


• Research Activities on Biological Resources 

• Changes in Earth Environment and Agriculture 

• JIRCAS Research Highlights Anerobic Direct Seeding of Wetland Rice in the Tropics 

• JIRCAS Research Highlights Survey on Characterisitics of Agriculture in Central Asia and 

Priorities for Research Collaboration 

• JIRCAS Research Highlights A New Variety ofo Heart-Tolerant Snap Bean 

• JIRCAS Research Highlights Ecology and Control of the Albizzia Borer, Xystrocera festiva 

• JIRCAS Research Highlights Nitrogen Management for Pigeonpea-Based Intercropping in the 

Semi-Arid Tropics 

• Collapsible Soils 

• Land Use Right in Vietnam 

• The 2nd JIRCAS International Symposium on Weed Management 

• Utilization of Freshwater Fishes in China 

• Collaborative Study with World Bank 

• Eastern European Countries 
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• Collaborative Project with CIAT 


www@jircas.affrc.go.jp 
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Abstract 

Cell culture techniques are necessary for the use of biotechnology including the production of transgenic 
rice plants. However, there are significant differences in in vitro culture responses among rice varieties. 
These differences limit the application of biotechnology to genetic improvement of rice. In this study, it 
was demonstrated that nitrite reductase activity is one of the physiological factors correlated with the 
differences among rice varieties in cell culture. It was indicated that the modification of the culture 
medium was effective in overcoming the differences in cell culture: the calluses of some Indica and 
Japonica type varieties showed a poor growth or did not grew under the initial conditions, whereas the 
calluses of all the varieties tested showed good growth when the nitrogen source, carbon source and 
medium pH were modified. As a result, in this study the culture conditions applicable to a wider range of 
varieties, including Indica type, Javanica type and Indica-Japonica crossed varieties as well as Japonica 
type were identified. 

iV2¥Discipline: Biotechnology 

iV2¥Additional key words: Oryza sativa, abscisic acid, amino acid, genotypic difference, nitrogen 

metabolism 
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Introduction 

In rice, progress is being made in the application of biotechnology, including haploid method of breeding 
by anther culture, the use of somaclonal variation, the production of somatic hybrids by cell fusion, and 
the production of transformed plants. To use these techniques, plants must be regenerated from objective 
cells using cell culture techniques. However, significant differences in the efficiency of callus formation, 
somatic embryogenesis, and plant regeneration have been detected among the varieties of many plant 
species, including rice 1 ’ 21 ). These varietal differences limit the application of biotechnology to the 
genetic improvement of rice. For example, only a few Japonica varieties, such as Nipponbare and Taipei 
309, can be readily cultured and maintained in the embryogenic state, and used to produce transformed 
rice plants 9 ’ 19 ’ 23 ). So far, no reports have dealt with the improvement of culture conditions that could be 
applied to a wide range of varieties and genotypes in rice. 

In rice cell culture, immature and mature embryos are used as materials for callus induction, because the 
derived calluses have a high ability of plant regeneration 19 ’ 23 ). Embryogenic suspension culture can be 
established by continuously culturing the calluses in a liquid medium. A large amount of protoplasts, into 
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which foreign genes have been introduced by electroporation 19 ’ 23 ) and polyethylene glycol 9 ) methods, 
have been isolated from the suspension cultures. And also the cultures can be used as target materials for 
the transfer of foreign genes by biolistic 4 ) and Agrobacterium methods 10 ). Therefore, it is important to 
develop embryogenic suspension cultures for the application of biotechnological methods in rice. 

In this study, the culture conditions for rice were improved in order to overcome the varietal differences 
in the culture response and to obtain embryogenic cultures from all types of rice varieties. Furthermore, 
the physiological factors related to varietal differences in rice cell culture using calluses cultured under 
the improved conditions were identified. 


Ml XT 
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Materials and methods 

1) Callus induction and culture 

Fifty rice varieties used in this study are shown in Figs. 2 and 3. Rice seeds were provided by the 
Genebank and the Rice Breeding Laboratory, Chugoku National Agricultural Experimental Station, 
Ministry of Agriculture, Forestry and Fisheries of Japan (MAFF). Seeds were sterilized in 70% ethanol 
for 30 s and in a sodium hypochlorite solution containing an available chlorine concentration of 1 % for 
30 min, followed by rinsing with sterile water 3 times. After rinsing, the sterilized seeds were immersed 
in sterilized water for 6 to 7 h. Embryos were cut off from the imbibed seeds and were placed with the 
scutellum pointing upwards on induction media. The induction media contained constituents of Medium 
C (shown in Table 1 ) except for proline and were solidified by 0.8% agar. The pH of the medium was 
adjusted to 5.8. Seven-day-old calluses derived from the scutella were transferred to 20 mL of Medium A 
and Medium C in 100 mL-flasks on a gyratory shaker at 100 rpm by subculturing every 7 days. For 
subculturing, about 0.4 mL cell volume of calluses were transferred to 20 mL of a fresh medium with the 
same composition in 100 mL-flasks. The calluses were used as materials after subculture for more than 2 
months. The following experiments were carried out with 3 replications. 

For the measurement of the callus growth rate during the seven-day-culture period, about 250 mg fresh 
weight of the subcultured calluses were transferred to a fresh medium. Fresh weight of the calluses was 
measured after removing excess medium around calluses with pieces of sterile filter paper at 0 and 7 
days after transfer, and growth rates were calculated. 


2)Enzyme assays 

Ten Japonica type varieties used for the enzyme assays are shown in Fig. 4. The calluses were 
subcultured in Medium C for more than 2 months. About 250 mg of the subcultured calluses were 
transferred to Medium B or C. The 2 media contained potassium nitrate at the same concentration of 20 
mM. The calluses were homogenized in three-fold volumes of the extraction buffer 3 days after transfer 
according to the method of Ida et al. 11 / The extraction buffer contained 50 mM Tris-HCl (pH 7.9), 5 mM 
cysteine and 2 mM EDTA. The homogenate was centrifuged at 10,000 x g for 20 min and the 
supernatant (500 PAL) was concentrated with Microcon 10 (Amicon Inc. , USA) for reducing the 
amounts of nitrate ions. The concentrated supernatant was diluted by the addition of 500 PAL of the 
buffer containing 50 mM Tris-HCl (pH 7.5), 1 mM cysteine and 2 mM EDTA and was assayed for 
nitrate reductase (NR) and nitrite reductase (NiR) activities. The operations described above were carried 
out at 4a,,/ Protein content of the extract was determined by a Bio-rad protein assay kit using bovine 
serum albumin as standard protein. 

Enzyme activity was assayed by in vitro method. The assay mixture for NR contained 25 mM potassium 
phosphate buffer (pH 7.5), 10 mM KN03, 0.2 mM NADH, 5 mM NaHC03 and 5 PAL of extract in a 
final volume of 0.5 mL. The assays were conducted at 30a,,/ for 15 min. The reaction was terminated by 
the addition of 50 PAL of 0.5 M Zn(CH3COO)2 and excess NADH was oxidized by the addition of 
50PAL of 0.15 mM phenazine methosulfate 17 / The amout of N02 ll/4 * produced was determined 
colorimetrically 2 ). 
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NiR activity was assayed following the reduction of N02 YI/i * from the assay mixture 12 ). The assay 
mixture contained 50 mM Tris-HCl (pH 7.5), 0.5 mM NaN02, 1 mM methyl viologen and 50 PAL of 
extract in a final volume of 0.9 mL. The reaction was started by the addition of 100 PAL of 0.12 M 
Na2S204 dissolved in 0.2 M NaHC03 and incubated at 30a,,/ for 60 min. The reaction was terminated 
by vigorous mixing on a tube mixer until the color of methyl viologen fully disappeared. After the 
addition of 100 PAL of 1 M Zn(CH3COO)2, the mixture was centrifuged at 10,000 x g for 10 min. The 
amount of residual N02 Y1/i * in the supernatant was determined colorimetrically as in the NR activity 
assay. 

For the measurement of the N02 YI/i * content, the supernatant of the callus homogenate was prepared as 
described above 3 or 7 days after transfer. N02 Y1/i * content of the supernatant was colorimetrically 
determined by the method of Aslam and Huffaker 2 ). 


3)Measurement of abscisic acid content in calluses 

The calluses of Nipponbare, Koshih ik ari and IR24 which were subcultured in Medium C were used for 
the measurement of abscisic acid. About 1 g of the calluses were collected at the end of the 
seven-day-culture period. The calluses were homogenized with 3 mL of the 100% methanol on ice. The 
homogenizer blade was washed with 16 mL of 80% methanol and the washed solution was added to the 
homogenate. The homogenate was kept overnight at 4a„/ in the dark. Polyvinylpolypyrrolidone (0.5 g) 
was added to the homogenate, mixed and kept for more than 10 min. The mixture was filtered and 
evaporated in vacuo. After evaporation, the residue was dissolved in 1.5 mL of 0.5 M potassium buffer 
(pH 8.3). The sample solution was partitioned against hexane 3 times and then against ethyl acetate 3 
times. The pH of the aqueous phase was adjusted to around 2.5 and the solution was partitioned against 
ethyl acetate 3 times. The ethyl acetate phase was collected and evaporated in vacuo. The residue was 
dissolved in 100% methanol and loaded onto a Bondesil DEA column (Varian Associates. Inc., U.S.A.). 
After absorption, the column was washed with 100% methanol and eluted with methanol containing 
0.5% acetic acid. The eluate was evaporated in vacuo and the residue was used for the determination of 
the ABA content by an immunoassay. The culture medium was also collected and evaporated in vacuo at 
the end of the seven-day-culture period and purified for the determination of the ABA content in the 
same way as for calluses except for hexan partitioning and first ethyl acetate partitioning. Butylated 
hydroxy toluene, an antioxidant, was added to all the solvents for homogenization and purification at the 
concentration of 20 mg/L. ABA content in the purified sample was determined using an abscisic acid 
immunoassay detection kit (Sigma-Aldrich Japan K. K., Japan). 
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Fig. 2. Varietal differences in callus growth rate under the 

initial conditions^Medium A) in liquid cell culture 
in rice 
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Fig. 3. Varietal differences in callus growth rate under the modified conditions 
(Medium C) in liquid cell culture in rice 
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Table 1. Medium composition 


1 



(mg/L) 

Constituents 


Medium B 

Medium C 

(Initial medium) 

(Modified medium) 

Inorganic salts 

Macro-elements 




KN0 3 

4,040 

2,020 

2,020 

(NH 4 ) 2 S0 4 

330 

330 

- 

CaCl 2 e2H 2 0 

147 

147 

147 

MgS0 4 e7H 2 0 

245 

245 

245 

kh 2 po 4 

- 

272 

272 

NaH 2 P0 4 e2H 2 0 

312 

- 

- 

Micro-elements 




Fe-EDTA 

19 

19 

19 

MnS0 4 e4H 2 0 

1.6 

1.6 

1.6 

ZnS0 4 e7H 2 0 

2.2 

2.2 

2.2 

CuS0 4 e5H 2 0 

0.20 

0.20 

0.20 

Na 2 Mo0 4 e2H 2 0 

0.13 

0.13 

0.13 

H3BO3 

2.8 

2.8 

2.8 

Vitamins 




Nicotinic acid 

1.0 

1.0 

1.0 

Thiamine-HCl 

10.0 

10.0 

10.0 

Pyridoxine-HCl 

1.0 

1.0 

1.0 

myo-Inositol 

100.0 

100.0 

100.0 

|Amino acids 




Alanine 

- 

- 

445 

Proline 

- 

- 

1,151 

|Carbon sources 




Sucrose 

30,000 

30,000 

- 

Maltose 

- 

- 

3,750 

pH 

5.8 

5.8 

4.5 




http://ss.jircas.affrc.go.jp/engpage/jarq/34-4/ogawa/t1.html [10/7/2002 9:00:55 PM] 


































Fig. 4. Comparison of growth rate, nitrite ion content, 
NR activity and NiR activity of scutellum-derived 
calluses cultured in Medium B among 10 varieties 

(a) Callus growth rate, (b) Nitrite ion content, (c) NR 
activity, (d) NiR activity. 

Variety: (1) Nipponbare, (2) Norin 6, (3) Norin 22, (4) 
Norin 8, (5) Chuuseishinsenbon, (6) Norin 1, (7) 
Akitakomachi, (8) Moritawase, (9) Hitomebore, (10) 
Koshihikari. 

Error bars indicate standard errors of the means in 3 
replications. Differences between bars having the same 
letters are not significant at 1% probability level by 
ScheffA©a ™s multiple comparison test. 
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Physiological factors related to differences between Nipponbare and Koshihikari in culture response 

Ammonium sulfate is most commonly used as a reduced nitrogen source for preparing a basal medium in 
tissue and cell culture, because the addition of ammonium ion in combination with nitrate generally 
enhances the growth rate of cultured cells 8 ’ 13 ). However, as described above, this compound was 
considered to be the factor that inhibited the growth of the calluses of Koshihikari type varieties. 
Attempts were made to investigate the metabolism of nitrogen sources in order to determine the 
physiological basis of the differences in callus growth between Koshihikari and Nipponbare type 
varieties 14 ). The calluses cultured in the modified medium were considered to be suitable materials in 
this analysis, because no differences were observed in the growth rates and appearance of the calluses 
between Koshihikari and Nipponbare type varieties. 

The nitrite ion content and activity of nitrate reductase and nitrite reductase were examined in the 
calluses of 10 varieties using the liquid medium(Medium B) with the same composition as that of the 
initial medium(Medium A), except that the concentration of potassium nitrate was 20 mM (Fig. 4) . The 
calluses of the Koshihikari type varieties (No. 6-10) accumulated significantly more nitrite ions during 
the culture period than those of the Nipponbare type varieties (No. 1-5). The callus growth rate was 
negatively correlated with the nitrite ion content (r=-0.9525, p <0.001), indicating that the calluses of the 
Koshihikari type varieties were injured by toxic nitrite ions, which led to browning and poor growth of 
the calluses. 

The reduction of nitrate to ammonia is catalyzed by 2 enzymes, nitrate reductase(NR) and nitrite 
reductase (NiR), and nitrite ion is considered to be an intermediate in the pathway. The accumulation of 
nitrite ions may be attributed to either excessive production of nitrite ion by NR or slow reduction of 
nitrite by NiR reductase. In this study the second assumption was verified. The calluses of the 
Koshihikari type varieties showed significantly lower levels of NiR activity than those of the Nipponbare 
type varieties. On the other hand, no differences were observed in the NR activity in either group. The 
results suggested that the higher ion levels observed in the Koshihikari type varieties were due to a lower 
ability to reduce nitrite ions and that NiR activity is one of the physiological factors correlated with the 
differences between varieties in rice cell culture. 

As shown in Fig. 5 , the calluses of the Koshihikari type varieties displayed the same growth rate as those 
of the Nipponbare type varieties in the modified medium (Medium C), but also contained significantly 
lower levels of NiR. NR activity was inhibited in the calluses of both varieties in the improved medium 
compared to Medium B. The results suggested that the inhibition of the NR activity resulted in the 
accumulation of trace amounts of nitrite ions in the calluses of the Koshihikari type varieties in spite of 
the lower NiR activity and, as a result, callus growth improved in the modified medium. 

NR activity is known to be regulated by N03*^\ light, reduced nitrogen sources, sugar, etc. 3 ’ 19 ). It was 
reported that ammonium ions and casein hydrolysates decreased the NR activity of rice cultured cells 
when the nitrogen sources were added in combination with N03 134 * 16 ). However, it remained to be 
determined whether the effect on the inhibition of the NR activity was different among the amino acids 
added in rice cultured cells. Filner 7 ) reported that the effect on the NR activity depended on the amino 
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acids added in cultured tobacco cells: NR activity was inhibited by one group of amino acids, i. e. 
alanine, arginine, etc. and depressed by a second group of amino acids, i. e. asparagine, lysine. In a 
further study, differences in the effect of reduced nitrogen sources including alanine and proline in rice 
calluses will be examined. The calluses of Nipponbare type varieties showed a slightly lower growth rate 
in Medium C (Fig. 5) than in Medium B (Fig. 4). This decrease may be associated with the decrease in 
both NR and NiR activities observed in the Nipponbare type varieties. Although we replaced 30 g/L 
sucrose in Medium B with 3.75 g/L maltose in Medium C, differences in sugar types and concentrations 
may also be responsible for the decrease in the growth rate of Nipponbare type varieties in Medium C. 
However, it was reported that when the sucrose concentration increased, the NR activity was enhanced at 
least in pea seedlings 19 ). Further improvement of the sugar composition for rice cell culture should be 
examined by monitoring the balance between NR and NiR activities to avoid the toxicity of N02 ll/ ^*. 


Differences in endogenous abscisic acid content among varieties 

IR24 type varieties could be cultured in the modified medium (Medium C). However, the calluses of this 
type showed a lower growth rate than those of Nipponbare and Koshih ik ari type varieties even in the 
modified medium: 6 varieties of IR24 type were found in the lower rank as shown in Fig. 3. In the 
following experiment, the regeneration ability of the calluses which were cultured in the modified 
medium was examined. The results showed that the calluses of IR24 type varieties exhibited a higher 
ability of plant regeneration than those of other types of varieties (data not shown). Based on these 
results, it was assumed that the IR24 varieties were characterized by both a lower ability of callus growth 
and high ability of plant regeneration from calluses. Although abscisic acid is a phytohormone which 
exerts various effects on plant growth 22 ), one of the effects consists of the inhibition of plant growth. In 
studies on plant tissue culture, the addition of abscisic acid to the medium enhanced the frequency of 
plant regeneration from cells 20 ). The content of abscisic acid in the calluses cultured in the modified 
media was compared among 3 varieties, Nipponbare, Koshihikari and IR24. As shown in Table 2 , in the 
calluses of IR24 the level of abscisic acid was 12.0 and 8.6 times higher than that in Nipponbare and 
Koshihikari, respectively. Similar results were obtained when the ABA content in the culture medium 
was compared among the three varieties. These results suggested that the higher content of endogenous 
ABA was responsible for the lower growth rate and higher regeneration ability of the IR24 calluses 
cultured in the modified medium. 

It is assumed that the IR24 type varieties can naturally accumulate a higher level of ABA in the cells than 
other types of varieties. Because the initial medium contained unsuitable factors for callus growth, such 
as amounts of sucrose, ammonium sulfate and pH values, a high level of ABA could inhibit more 
strongly callus growth of the IR24 type varieties in the initial medium than in the modified medium. As a 
result, the calluses of IR24 type varieties may not be able to grow or display limited growth. To confirm 
this hypothesis, the relationships between the endogenous ABA content and differences in the culture 
response are being currently analyzed. 


Discussion 

Although varietal differences are widely observed in rice cell culture, there are few reports on the culture 
conditions required to overcome the differences. Daigen and Abe 6 ) modified a culture medium by 
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one-fifth dilution of all of inorganic salts and obtained the conditions suitable for the culture of calluses 
of the Japonica type variety Koshihikari. In this study the range of tested varieties was expanded and the 
conditions applicable to a wider range of varieties including Indica type, Javanica type and 
Indica-Japonica crossed varieties as well as Japonica type were defined. For further improvement, such 
as enhancing the growth rate, the modified conditions developed in this study could be used as basal 
conditions. 

For the application of biotechnology in rice, varieties and genotypes are selected based on the ability of 
their response to culture. The selected varieties may not necessarily belong to elite ones in rice. It is 
possible to transfer the traits which are genetically modified through biotechnological procedures from 
the manipulated plant to an elite variety by the backcrossing method. On the other hand, the backcrossing 
process to fix the genetic traits is time-consuming and an undesirable trait might be introduced into the 
derived plants if genes are closely linked to the gene for the trait. The modified culture conditions 
developed in this study should facilitate the application of biotechnology to rice breeding, so that elite 
varieties can be used directly. 

There are few reports on the physiological processes related to the differences in the culture response. In 
most cases, no detailed analysis has been conducted to clarify the physiological aspects of varietal 
differences in cell culture. In this study, the nitrite ion content was found to be one of the physiological 
factors related to the differences in rice cell culture. It was also observed that when there is a high 
concentration of these ions in cells with poor growth, inhibition of the NR activity may enable to 
improve the growth. Physiological information related to the varietal differences in the culture response 
should be useful to simplify the process of improving the culture conditions as described above in rice 
and in other plants. 
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Fig. 4. Comparison of growth rate, nitrite ion 
content, NR activity and NiR activity of 
scutellum-derived calluses cultured in Medium B 
among 10 varieties 

(a) Callus growth rate, (b) Nitrite ion content, (c) NR 
activity, (d) NiR activity. 

Variety: (1) Nipponbare, (2)Norin6, (3)Norin22, 

(4) Norin 8, (5) Chuuseishinsenbon, (6)Norinl, (7) 
Akitakomachi, (8) Moritawase, (9) Hitomebore, (10) 
Koshihikari. 

Error bars indicate standard errors of the means in 3 
replications. Differences between bars having the same 
letters are not significant at 1% probability level by 
Scheffe's multiple comparison test. 
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Fig.5. Comparison of growth rate, nitrite ion content, NR activity 
and NiR activity of scutellum-derived calluses cultured in Medium 
C among 10 varieties 

(a) Callus growth rate, 

(b) Nitrite ion content, 

(c) NR activity, (d) NiR activity. 

Variety: the same as in Fig. 4. 

Error bars indicate standard errors of the means in 3 replications. 
Differences between bars having the same letters are not significant at 
1% probability level by ScheffA©'s multiple comparison test. 
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Table 2. Content of endogenous abscisic acid (ABA) in the calluses and concentration of abscisic acid in the 
media in 3 varieties 


Variety 

Endogenous ABA content 
in the calluses 
(ng / gfw) 

Concentration of ABA 
in the medium 
(ng / mL) 

Nipponbare 

0.48 b 

0.10 b 

Koshihikari 

0.67 b 

0.07 b 

IR24 

5.78 a 

0.34 a 


Values within a column having different letters are significantly different at 5% level by Duncan's new multiple 
range test. Values show the mean of 2 replications. 
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Abstract 

Sixty-eight indigenous rice cultivars collected in deepwater areas in Bangladesh were examined in terms 
of heading behavior and allozyme variation. Seasonal ecotypes differed in the heading behavior for 
adaptation to their respective cropping seasons. Isozyme analysis revealed that cultivars grown in 
deepwater areas in Bangladesh consisted of a Japonica-like group and an unclassified unique group in 
addition to a major Indica group. Classification by isozyme variation was not necessarily consistent with 
the differentiation into seasonal ecotypes. Cultivars collected in a restricted area in Khulna District 
consisting of various seasonal ecotypes showed a genetic similarity to each other, suggesting that 
geographical differentiation preceded seasonal differentiation. Based on a case study conducted in 2 
villages in Khulna, it was pointed out that diverse landraces which are adapted to different local and 
seasonal conditions have evolved by interacting with traditional planting systems. 

Discipline: Genetic resources 

Additional key words: heading behavior, isozyme, varietal differentiation 
1 ” 19 ): References 


Introduction 

Bangladesh is situated in the wide delta of the Ganges, Brahmaputra and Meghna rivers. Average annual 
rainfall is about 2,000 mm, with 95% being concentrated from May to September. In addition to rainfall, 
melting of snow in the Himalayas leads to the rise of the river water level during the monsoon period and 
more than half of the total land of the country is flooded. In the flood-prone low-lying areas, rice is the 
major or sometimes the only crop that can be cultivated. 

Three cropping seasons of rice have been identified in Bengal (Bangladesh and West Bengal State of 
India), namely, Boro (winter), Aus (summer) and Aman (autumn) 10 ’ 12 ). Varietal groups which are used 
for different seasons, are designated by the name of the respective cropping seasons. In the dry winter 
season, Boro is grown mainly in the irrigated fields. In the rainy summer season, short duration Aus is 
grown in lowland as well as in upland areas. From summer to autumn, long-duration Aman is grown by 
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transplanting (T. Aman) or by broadcasting (B. Aman). B. Aman rice is almost synonymous to 
deepwater rice that can elongate the intemodes markedly in response to the rising water level. 
Furthermore, 2 minor groups of deepwater rice, Rayada and Ashina, occur in Bangladesh. Rayada shows 
a very long growth duration, and is cultivated in a restricted area along the river Madhumaty, a tributary 
of the Ganges. Ashina belongs to a small varietal group characterized by early heading. 

Nearly 10,000 landraces are considered to exist in Bangladesh. These varieties have been generally 
considered to belong to the Indica type in the same way as those grown in other low-lying areas in 
tropical Asia. Isozyme studies, however, revealed that Bangladesh deepwater rice contains some varieties 
that did not fall under either the Indica or Japonica type 5 > 13 ). The objective of the present study was to 
analyze the pattern of genetic variation among rice cultivars distributed in flood-prone areas in 
Bangladesh with special reference to varietal differentiation corresponding to the cropping seasons. A 
case study in Rayada-growing villages was conducted to analyze the diversity of rice cultivars in relation 
to the traditional cropping systems. 


Materials and methods 

The present study was mainly based on the samples and information obtained during a study-trip to 
deepwater areas in Bangladesh in which the second author participated. The trip was organized in 
December 1989 through the financial support of a grant from Monbusho International Scientific 
Research (No. 0104110) and with the cooperation of the Bangladesh Rice Research Institute (BRRI). The 
details of the field observations were described in the trip report 15 ). Sixty-eight rice cultivars dealt with 
in the present paper consisted mostly of landraces collected from farmers fields or their seed stocks in the 
Districts of Dhaka, Habiganj, Sylhet, Mymenshingh, Tangail and Khulna. Twenty landraces provided by 
BRRI were also analyzed. 

Collected seed samples were sown in mid-April in 1990 and grown in the automatic short-day (12.5 h) 
apparatus at the National Institute of Genetics, Mishima. The same set of samples was planted in paddy 
fields under natural daylength (not all the accessions were examined because of the shortage of plants). 
Heading date of each variety was recorded under short and long (natural) day conditions. Isozyme assay 
was conducted using plumules or germinated seeds derived from multiplied seeds. Eight loci ( Est2, Est5, 
EstlO, Estll, Estl2, Mall, Mal2 and Amp5) were assayed by polyacrylamide gel electrophoresis (PAGE) 
and 12 loci (Acpl, Ampl, Amp2, Amp3, Catl, Est2, Est9, Pgdl, Pgd2, Pgil, Pgi2 and Sdhl) by starch gel 
system. In PAGE, 22 landraces from Asian countries other than Bangladesh were analyzed together as 
check varieties. The details of the methods of isozyme analysis were described in the reports of Ishikawa 
et al. 14 ) and Cai et al. 4 ). In the 2 villages of Surigati and Katadula (Khulna District), we tried to collect 
not only seed samples but also information about each variety through interviews with local people. 
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Abstract 

Precision farming is bringing about a new revolution in agricultural farming systems with its high 
potential of reducing the environmental impact and increasing the productivity, based on the high 
efficiency of advanced technology. Variability management is the key approach in precision farming, 
using field maps and real-time sensing for temporal and spatial variation in soils, plant growth and yield, 
and other parameters related to cultivation. Site specific field management can be implemented based on 
accurate information. Scale-free precision farming approaches are suitable for small-scale Japanese 
agriculture. Prospects and strategies for Japanese precision farming are introduced, followed by the 
results derived from investigations on soil mapping and the use of soil sensors. 

Discipline: Agricultural engineering 

Additional key words: small-sized farm, variability soil map, soil sensor 
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Introduction 

Precision farming, which aims at reducing the environmental impact and increasing the productivity, has 
been rapidly developed in the world during the current decade. In the United States, for example, the 
National Research Council 6 ) suggested that the federal government should encourage research and 
development related to precision farming as a national strategy. European countries have also promoted 
the development of precision farming. In Japan, the Ministry of Agriculture, Forestry and Fisheries 
started an R&D project on Japanese precision farming in 1998, while several universities and companies 
have already studied specific issues. 

Promotion of precision farming should affect related industries as well as agriculture due to technology 
innovation. 

In this paper, the concept of precision farming is outlined and studies related to Japanese precision 
farming (soil mapping and soil sensors) are introduced. 


Concept of precision farming 
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Prospects and Strategies for Precision Farming in Japan 


Precision farming is characterized by a systems approach to orient the total system of agriculture toward 
sustainability, as shown in Fig. 1 7 \ Regulations for environmental conservation have become increasing 
stricter worldwide. Specific problems such as pollution by chemicals, organic agriculture or agriculture 
without the use of pesticides have attracted a wide interest. However, such an agricultural system had 
focused on the improvement of only one or several aspects of agriculture, which sometimes resulted in 
reduced productivity, and did not enable to modify the whole system of agriculture supported by farmers. 
Precision farming aims at solving such trade-off problems on environmental conservation and 
productivity, using variability management and a systems approach 2 ). 

Three fundamental techniques must be considered for integrating the components of precision farming 
systems. 

1) Analysis of variability is the key concept of precision farming, in particular to analyze within-field 
variability, in order to adjust agricultural inputs to site-specific requirements. Variability should involve 
at least 3 aspects: spatial variability, temporal variability and predictive variability 2 ’ 8 ). 

2) Variable-rate technology (VRT) is used for adjusting the agricultural inputs to site-specific 
requirements at each location in the field, which requires variable-rate working machinery while manual 
application can be used in a small-scale farm. Variable-rate application allows: (1) accurate position in 
the field, (2) accurate information at the position, and (3) precise operations at the position. 

3) Decision support system (DSS) offers some choices to a farmer in terms of trade-off problems such as 
productivity and environment. This component is characterized by a systems approach to optimize a 
complex system. 

How to integrate the technology components to meet the conditions peculiar to Japan agriculture, is a 
major issue for researchers, engineers and politicians as well as farmers. 
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Scale-free precision farming 

Japanese agriculture is characterized by a small-scale and labor-intensive operations based on individual 
plant management involving variability. Considering the variability of management in precision farming, 
the precision farming approaches can be adopted for any scale of farming as shown in Table 1. 

In the case of small farms, farmers should concentrate their activities on fields based on empirical 
knowledge. Information on each field on an average and use of simple monitoring techniques for 
mechanical applications, enable to conduct variable-rate controls for site-specific management based on 
farmers' skills. The variability management system deals with only averaged data per field. For the 
management of a farm of several hectares, it becomes difficult for the farmers to evaluate the variability 
within each cultivation field. This is more evident for farming on a much larger scale. Positioning by 
using GPS techniques, automatically sensing systems, etc. may enable to generate field maps to analyze 
the spatial and temporal variability. Sensor-based variable-rate control machines can be used for 
managing such large-scale farms because of the requirement of high-speed operations. 

Consequently precision farming approach can be designed and re-arranged to fit any scale of farms, 
which is an important aspect for Japanese agriculture due to the diversity in field size, crop variety, field 
elevation, water management for paddy fields, climatic and soil conditions, etc. 


Prospects and strategies 

1) Paddy field precision farming 

The concept of paddy field precision farming will be outlined here (Fig. 2). In general, a paddy field is a 
small-sized and flattened field with a well-organized irrigation and drainage system. The paddy fields 
located in a region are interdependent at least due to water management. In Japan, intensive farm works 
are implemented to achieve uniformity in the soil conditions, transplanting, crop management, etc. within 
a field with full mechanization. It was generally considered that there was less variability within such a 
paddy field, although variability within the field had been reported 5 ). 

Regarding between-field variability, many variations can be found in terms of crop varieties cultivated, 
productivity and yield, water permeability of soil and working time. Large facilities for grain drying and 
processing have already been operated as "rice centers" throughout the rice production areas in Japan, in 
addition to the compact grain dryers owned by individual farmers. Moreover there are well-organized 
farmers' associations and cooperatives everywhere. If a yield monitor could be attached to a combine 
harvester and use of the cooperative facilities could be recorded accurately, it would be easy to observe 
the variability between fields. This could be the first step of paddy field precision farming, putting one 
field as a unit for observing the variability, followed by determinations on how to manage the variability. 
Global monitoring system can be used for observing and managing such regional variability. 

On the other hand, environmental pollution associated with paddy farming has become a cause for 
concern. How to reduce the environmental impact requires the development of a monitoring system and 
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measures for environmental conservation in the respective fields or locations in the field. As a result, 
management of within-field variability, aiming at reducing the environmental impact and at maintaining 
the productivity should be promoted. Sensor-based precision farming in paddy fields is thus required. 

Sensing for within/between-variability, VRT machines and DSS algorithms that are the main technology 
components for precision farming should be developed as early as possible. These tools can also be used 
for evaluating the variability and for identifying the distinctive characteristics of precision farming in the 
respective countries. 

2) Variability within afield 

Temporal and spatial variability of NO 3 -N in a com field in a 30.5 m grid sampling was reported by 
Everett et al. 3 ), and soil nutrient mapping for short-range variability was also reported by Birrell et al. 1 ), 
but the minimum grid spacing was still 25 m. Grids with a narrower spacing with cells 6.1 m wide and 
15.2 m long were used for investigating the temporal and spatial variability of soil parameters, and N 
recommendation maps were generated 4 ). These grid spacings are still too wide for the small Japanese 
fields. Sampling using 1 m grids for NO 3 -N mapping was conducted over a 10 m 2 area in a small 
Japanese field and temporal and spatial variability was confirmed 5 ), although the whole field was not 
observed. Japanese farming is sometimes characterized by crop-stubble management with intensive farm 
works in a small field, and it is generally considered that there is less variability within a field. 

Analysis of the variability is the first step for precision farming. Our studies have focused on within-field 
variability of nitrate nitrogen (NO 3 -N) in a 0.3 ha field, a typical size in Japan, because NO 3 -N is 
water-soluble and infiltrates groundwater easily, and it is also an important parameter of soil fertility. 

Figs. 3 to 5 show NO 3 -N contour maps for 3 study areas within the field 9 ). Value levels were classified 
for every 2 mg/100 g. The whole field at the top 5-15 cm depth, as shown in Fig. 3, showed 4 levels of 
NO 3 -N with the predominance of the middle 2 levels. The 1A—1 m 2 area at the top 5-15 cm depth, 
located in the southern part of the field, exhibited a fairly uniform distribution, as shown in Fig. 4. The 
8 A —8 m 2 area at the 25-35 cm depth showed 7 levels of the NO 3 -N and a complicated pattern, as shown 
in Fig. 5. It was therefore confirmed that the NO 3 -N distribution varied with the observation scale as well 
as depth. Implications of the variability for agricultural practices should be further investigated. 
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Table 1 


(Table Prospects of scale-dependent main technology required for precision farming 


Management scale 
(ha) 

Positioning for operations 

Soil mapping in a field 

Yield mapping within a 
field 

Variable-rate control 

-1 

Empirical determination & 
intuition 

Average for each field 

Average for each field 

Manual control with a 
monitor 

1- 10 

Automatic field-based 
survey or machine 
positioning 

Variability within a 
field determined by soil 
sensors 

Variability within a 
field determined by 
yield monitor 

Operator’s skill with 
monitoring and 
automated machinery 

10-50 

GPS-oriented + field-based 
machine positioning 

Variability within a 
field determined by 

GPS-based sensors + 
remote sensing 

Variability within a 
field determined by 

GPS-based monitor + 
remote sensing 

Sensor-based 
variable-rate control 
with GPS/GIS 

50- 

GPS-oriented + field- based 
machine positioning 

Within/regional field 
variability determined 
by GPS-oriented 
sensors + remote 
sensing 

Within/regional field 
variability determined 
by GPS-oriented 
monitor + remote 
sensing 

Sensor-based 
variable-rate control 
with GPS/GIS 
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Between-field Management 



Fig, 2, Paddy farming in relation to variability management 
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g. 3. Map of nitrate nitrogen content at 5-15 cm depth 
a 0.3 ha dry land field (3 m grid spacing) 
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3) Spectrophotometer 10 ) 

On-line real-time sensing of soil parameters in situ has been an important issue for scientists and 
engineers engaged in precision farming research. Spectroscopic approach is one of the issues for 
real-time soil sensing because multiple parameters could be evaluated at the same time, since the 
photometric properties of many soil parameters can be included in a wide range of spectral 
absorption/reflectance records. 

(1) Prototype spectrophotometer 

A diagrammatic representation of the spectrophotometer is presented in Fig. 6. It was composed of 3 
main parts as follows. 

A soil penetration chisel equipped with micro-optical devices operated as a tunnel for continuous space 
measurement in soil and to collect the light reflected at the same time, as shown in Fig. 7. The optical 
units consisted of 2 optical fiber probes from a 150 W illumination halogen lamp, visible and NIR optical 
fiber probes, and CCD camera. The case for the sensor probes, about 600 mm long, 200 mm high and 50 
mm thick, was equipped with a shank 700 mm deep, 100 mm wide and 25 mm thick. A micro-NIR 
thermometer was also installed for the calibration of temperature variations. 

A spectrometer with linearly arrayed photo-diodes to detect the spectra of reflected light was used. It can 
simultaneously measure 256 channel spectra in a range of 400 to 900 nm by using the visible device and 
128 channels in 900 to 1,700 nm by using the NIR device. 

A control and data logging device of personal computer (233MHz, RAM 128 MB), liquid crystal display 
and a pulse generator with a free rotating wheel and rotary encoder to trigger timing signals were used. 
The soil penetrator was attached to a 4WD 18kW tractor with a three-point hitch. All the components 
were also placed on the tractor. 
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through the CCD camera 
(2) Field test 


ig.8. Soil surface image 


Test runs were conducted in a clay paddy field after harvesting and in an upland loam field. The paddy 
field test is briefly introduced below. The instrument for measuring the soil surface was flattened by the 
blade, as shown in Fig. 8. 


A distinct photo-spectrum reflectance was obtained from the underground soil at a 28 cm depth and at a 
spacing of about 1 m, as shown in Fig. 9. It was confirmed that the correlation coefficients between soil 
parameters and spectrum reflectance were 0.83 (1,462 nm) for the soil moisture level, 0.78 (1,488 nm) 
for the pH, 0.80 (1,462 nm) for the electric conductivity (EC), 0.93 (1,538 nm) for the content of soil 
organic matter (SOM), and 0.44 (1,462 nm) for the content of nitrate nitrogen. Other information can be 
obtained from the soil spectrum reflectance collected. 


Conclusion 

In this paper, the concept of precision farming was outlined and studies related to Japanese precision 
farming (soil mapping and soil sensors) were introduced as follows. 

1. Precision farming is characterized by a systems approach and variability management for farming on 
any scale, aiming at the maintenance of both productivity and environmental conservation. Analysis of 
the variability is the first step for promoting precision farming. 

2. Paddy field precision farming could be initiated for between-field variable management, while 
technology components should be developed as early as possible. 
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3. The variability of the soil parameters was demonstrated in a small field in Japan. 

4. A real-time on-line portable spectrophotometer was developed for collecting data on underground soil 
reflectance, which enabled to determine the moisture level, pH, EC and SOM content. 




hum: 
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Abstract 

In Japan, most of the farm operations in orchards on sloping land in the past had been carried out 
manually, since no suitable machinery was available. However presently, the problem of aging farmers 
and shortage of young successors, especially for citrus orchards on steep hillsides must be solved. 
Therefore, a mechanized production system (MPS) for orchards on sloping land was developed involving 
the construction of farm paths and the use of machines behind which the operator walks, such as air-blast 
sprayer, raised bed transporter, and fertilizer spreader. The benefits of MPS were confirmed by 
comparison with a conventional production system (CPS) in an actual farmer's orchard at Yoshida town, 
Ehime prefecture, which is one of the leading citrus-production districts in Japan. The use of this system 
enabled to reduce the total working hours by 35% as well as improve the working conditions without 
yield decrease and decline of the quality of fruits. 

Discipline: Agricultural machinery 

Additional key words: Farm path, pest control, transportation, fertilizer application 
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Introduction 

As in most Asian countries, the area of arable land in Japan is very small. Therefore, hilly areas have 
been cultivated since ancient times. After World War II, many orchards on sloping land in Southwest 
Japan were brought under cultivation for satsuma mandarin, the most popular citrus variety with the 
highest fruit production. Since orchards on sloping land are well-drained, exposed to sunshine and well 
ventilated, farmers can grow sweet citrus fruits that fetch a high price. 

However, the mechanization of such orchards has been lagging behind that of lowlands in Japan because 
the use of machinery is difficult, and sometimes even dangerous due to the steep gradients and 
high-density planting. As a result, farmers have tended their orchards by hand, spending long hours 
stooped over their trees. Statistics showed that the yearly labor requirement for citrus crops per unit area 
was 4 times higher than that for rice production using a tractor, a rice transplanter, and a head-feeding 
combine. Moreover, farming in Japan is facing growing problems due to the shortage of efficient farmers 
associated with the increase of the average age of the farmers and decrease of the number of young 
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people. Therefore the number of abandoned orchards is increasing. 

To address these problems, a mechanized production system (MPS) was developed to reduce hours as 
well as improve the working conditions in citrus orchards on steep slope. This system involves the 
construction of farm paths and the use of small walking-type machinery behind which the operator 
walks. 


Construction of farm paths 5 ) 

The mechanization of orchards on sloping land with steep gradients depends on the construction of paths 
for agricultural machinery. The construction of wide farm roads or paths to allow the passage of large 
machines is not suitable on steep slopes because the construction costs are high and there is a risk of 
landslide. Furthermore, the total yield from the orchard decreases because many trees must be cut to 
make room for the machinery. Instead, a new farm path system was developed for MPS. 

The layout of the farm path system is shown in Fig. 1. It includes 2 kinds of paths, a working path which 
is 1.0 m wide, and a connecting road more than 1.3 m wide. The connecting road acts as a backbone, 
while working paths are located laterally to the road. To ensure that the machines can travel safely along 
the paths, the gradient of the connecting road should be less than 15°. The path should have a turning 
circle where the machines can turn around, with a diameter of 2 m. 


The working paths also function as hillside ditches, intercepting mn-off water. It is important to pave 
them, to prevent erosion and to allow machines to travel smoothly. We have developed a low-cost 
cement aggregate pavement, using soil from the orchards rather than gravel and sand brought in from 
outside. The cement is mixed with a coagulant powder and water, and hardens into smooth, durable 
pavement. Such a pavement is easy to construct, and the total cost is comparatively low. 



Paved farm path 


Construction process of farm paths is 
carried out as follows (Fig. 2);(1) The 
path is dug out using a small back 

hoe. (2) Cement is mixed together 

with the coagulant and spread over 

the soil surface. (3) It is mixed 

together with soil , using a 
rotary-tiller. (4) Water is sprinkled 

onto the mixture , using a power 
sprayer. (5)A rotary-tiller is used to 

mix all the ingredients thoroughly 

together, and level out the surface. 


The ratio of soil, cement, and 
coagulant in the in the pavement 
materials is 100:13:0.3, respectively. 
The water is sprinkled at a rate of 20 
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L/m 2 . Pavement depth is 7 - 10 cm. The farm path is constmcted at a rate of 100 m 2 /h with a team of 5 
workers. 

It is also important to install a water supply system. Usually a water storage tank is constructed at the 
lower end of the connecting road, for collecting the water running down the farm paths. The water is 
used for irrigation, or for mixing pesticide sprays. 


NIC XT 
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Fig.2. Construction process of farm path 
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Fig.2. Construction process of farm path 



(2) Spreading cement and coagulant over 
the soil surface 
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Fig.2. Construction process of farm path 



(3) Mixing together with soil 
using a rotary-tiller 
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Fig.2. Construction process of farm path 



(4)Sprinkliiig water onto the mixture 
using a power sprayer 


a At: i 
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Fig.2. Construction process of farm path 



(5) Mixing all the ingredients and 
leveling nut the surface 
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Development of small machines 121 

Because the farm paths in orchards on sloping land are steep and narrow, large farm machinery cannot be 
used. Instead, we designed specialized small machines with the following basic specifications; (1) Use of 
crawler treads, rather than wheels. (2) The operator does not ride on the machine, but walks behind it. (3) 
The machine has a very small turning circle. 

1) Mechanization of pest control 

In fruit culture, chemical sprays are necessary for pest control. In Japan, they need to be applied about 10 
times per year. At present, power sprayers with long hoses are widely used, but they require a long 
amount of labor. Farmers need a ki nd of sprayer with a lower labor requirement and higher efficiency. 

Therefore, we designed an air-blast sprayer (Fig. 3). The operator walks behind the sprayer along a farm 
path. The sprayer is equipped with an axial fan, and emits a fine and dense chemical mist. The operator 
can direct the spray precisely onto the target by controlling the direction of a fan drum, that can be 
adjusted freely between 35 A2 upward and 20 AS downward. Air turbulence associated with the fan drum 
swinging automatically shakes the leaves of trees, so that chemical spray adheres to both sides of the 
leaves. 

This sprayer is equipped with a liquid chemical tank with a capacity of 300 L. It can apply pesticides at a 
rate of 3,000 to 5,000 L/ha with a working efficiency of 0.15 ha/h. Since the machine is operated by only 
one operator without any co-workers, the application can be conducted at suitable times for fruit trees. 

2 ) Mechanized transportation 

At present, the transportation of loads involving a container for harvested fruits and a bag of fertilizer 
weighing 20 kg has been conducted manually with a high labor intensity. However, a transporter with 
crawler treads could be used to carry heavy loads. With a good network of farm paths, the use of such a 
transporter may lead to a significant improvement in efficiency and comfort of farm work. 

The transporter we developed has an adjustable elevated bed measuring 45 to 118 cm, with outriggers to 
give stability (Fig. 4). Its loading capacity is suitable for 10 containers (a 20kg load). By raising the bed, 
it is possible to reduce the labor required for loading harvested fruits from the transporter to a truck. In 
addition, the raised bed can be used as a platform for the farmer who carries out operations in the tree 
canopy, such as pruning, thinning and harvesting. 

3) Mechanized fertilizer application 

The application of fertilizer 3 times each year (in spring, summer, autumn)does not require many 
working hours for fruit production in Japan, but the work of spreading fertilizer over an orchard is rather 
hard. 

We developed a fertilizer unit mounted on the bed of the transporter (Fig. 5). The capacity of the hopper 
of the fertilizer is about 100 L. Granular or pellet type fertilizer metered through an auger attached to the 
bottom of the hopper is led to a discharge pipe, and blown out with air from a centrifugal fan. Mounting 
and unmounting the unit on the bed of the transporter are easy operations, because of the transporter's 
hydraulic lift system. 
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Fertilizer can be applied in a band up to 4.6 m wide, at a rate of 14 - 25 kg/min. Fertilizer can be applied 
at a rate of 1.0 to 1.5 t/ha with a working efficiency of 0.45 ha/h. 
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Length: 2,600 mm, Height: 1,410 mm, 
Width: 960 mm, Weight: 510kg, 
Spray capacity: 13-27 L/min, 

Air flow rate: 180 m 3 /min. 
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Fig. 4. Walking-type raised bed transporter 

Length: 2,090 mm, Height: 1,080 mm, 

Width: 1,110 mm, Weight: 530 kg, 

Lifting height: 1,180 mm, Loading capacity: 500 kg. 




Loading boxes onto a truck 
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Length: 1,930 mm, Height: 1,350 mm, 
Width: 900 mm, Weight: 355 kg, 
Discharge capacity: 14-25 kg/min, 

Air flow rate: llm 3 /min. 












Advantages of mechanized production system 3 41 

1) Methods 

To confirm the advantages of MPS, we set up a model orchard in an actual farmer's orchard with a mean 
slope gradient of 25 a >at Yoshida town, Ehime Prefecture. The model orchard was improved by adopting 
the developed farm path system from 1994 to 1995. The working path was placed at an interval of every 
2 tree rows, with a path density of 1.2 km/ha. The rate of removed trees for the construction of the farm 
path was only 8%. 

Field experiments were conducted to determine the labor intensity of each operation and the yearly 
working hours by comparison with a conventional production system (CPS) for 2 years. The labor 
intensity level of each operation was classified based on the increase of worker's heart rate. Fig. 6 shows 
the difference between MPS and CPS for pest control, transportation of harvested fruits, and methods of 
fertilizer application. The other operations such as pruning, thinning, and mowing were also improved. 
Investigations of yield and selling price for the model orchard were performed to evaluate the 
productivity compared with the area average. 

2) Labor intensity and working hours 

Table 1 shows the labor intensity and yearly working hours for MPS and CPS. The labor intensity 
required for pest control, fertilizer application, harvesting in the case of MPS was obviously reduced by 
the use of small machines. In addition, the labor intensity for mowing weeds using a bush cutter was also 
reduced because the worker could perform the operation on the working path and not on a slope. As a 
result, the labor intensity of the operations was reduced to less than the average level. 

The working hours of each operation in the case of MPS were also reduced, and the application of 
fertilizer using the fertilizer spreader was more uniform than that with the hand-spreader. Especially the 
transporter in the case of MPS led to a significant reduction of the labor required for the transport of 
fruits during harvest so that the output of harvested fruits per worker could be increased. Tests showed a 
38% reduction in the working hours required for harvesting. As a result, the yearly working hours were 
reduced by 35%. 

3) Effect of introduction of MPS on citrus production 

Table 2 shows the yield and selling price of fruits in the model orchard where farm paths were 
constructed from 1994 to 1995. The yield and selling price of citrus fruits varied with the years because 
fruit-bearing occurred in alternate years. Compared to the area average, the yield in 1994 and 1995 was 
slightly higher than in case of thinning of citrus trees. The yield after the introduction of MPS was more 
than 150% higher, indicating that the improvement of orchards by this system did not cause a yield 
reduction in spite of some thinning of citrus trees. 

The selling price also was higher than that of the area average. Considering that this district is one of the 
leading citms production centers in Japan, MPS enabled to produce high-quality citrus fmits. In addition, 
the owner who introduced MPS stated that this system enabled to reduce the labor intensity and working 
hours and also to enhance the quality of fruits due to the improvement of the light conditions in lower 
and inner portions of the tree canopy. 
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Conclusion 

In citrus orchards on sloping land, the shortage of labor has become a serious problem in Japan. 
Therefore, we developed a mechanized production system (MPS) involving the construction of farm 
paths, and the use of small machines behind which the operator walks, including an air-blast sprayer, 
raised bed transporter, and fertilizer spreader. 

The advantages of MPS were tested in an actual farmer's orchard by comparing it with the conventional 
production system (CPS). The tests showed that the MPS enabled to reduce yearly working hours by 
35% as well as improve the working conditions without a decline of the quality of fruits and yield. These 
results indicate that the introduction of this system enabled farmers to avoid hard manual labor required 
for the maintenance of orchards on sloping land and extended the scale of farm operations. 

Consequently, the MPS for orchards on sloping land should contribute to the development of stable 
orchard management. 


HOME 
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Fig. 6. Pest control, transportation, and fertilizer application in MPS and CPS 





fertilizer 


Mechanized production system (MPS) 
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Table 1 

Table 1. Labor intensity and working hours in MPS and CPS 


Work 

Mechanized production system (MPS) 

Conventional production system (CPS) 

Rate of working 
hours 

MPS/CPS (%) 

Method 

Labor 

intensity 3 ^ 

Working 

hours 

(h/ha) 

Method 

Labor 

intensity 3 ) 

Working 

hours 

(h/ha) 

Pruning 

Manualwork 

Moderate 

81 b ) 

Manualwork 

Moderate 

140 

58 

Fertilizer 

application 

Fertilizer unit 

Moderate 1 *) 

22 

Hand-spread 

Hard 

20 

110 

Mowing 

Bush cutter 

Moderate 1 *) 

83 b ) 

Bush cutter 

Hard 

115 

72 

Pest control 

Air-blast sprayer 

Moderate 1 *) 

84b) 

Power-sprayer 

Hard 

159 

53 

Tinning 

Manualwork 

Light 

313b) 

Manualwork 

Light 

442 

71 

Harvesting 

Transporter 

Light b ) 

258 b ) 

Hand-carry 

Moderate 

414 

62 

Total 



841b) 



1,290 

65 


a) : Labor intensity level is classified based on the increase of worker's heart rate. Light: 0-30%, Moderate: 30-50%, Hard: 50-90%. 

b) : Effects of MPS. 
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Table 2 


Table 2. Yield and selling price of citrus fruits in model orchard compared with area average 



Yield 

Priced 

Year 

Model orchard 
(M t/ha) 

Area average 3 ) 
(A t/ha) 

Rate of yield 
(M/A %) 

Model orchard 
(M yen/kg) 

Area average 3 ) 
(A yen/kg) 

Rate of price 
(M/A %) 

l 994 b) 

20.6 

19.5 

105 

233 

207 

113 

1995 b ) 

30.1 

22.3 

135 

153 

152 

101 

1996 

26.3 

17.3 

152 

272 

241 

113 

1997 

45.7 

28.9 

158 

70 

50 

140 


a) : Area around model orchard at Yoshida town site. 

b) : Model orchard was improved by the construction of farm paths for MPS from 1994 to 1995. 

c) : Yen rate, about 0.01 US$. 
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Abstract 

Natural ventilation system modifications were evaluated using a computational fluid dynamics (CFD) 
numerical model (code: Fluent Version 4.5). Wind speed and direction, side vent opening size and 
location, roof vent opening type, and number of spans were examined in terms of ventilation rates and 
airflow distribution. For the side vent located at 2.5 m above the floor with a west wind of 2.5 m/s, 59 % 
of the incoming air through the side vent was predicted to move out through the first roof vent opening 
without reaching distant areas in the greenhouse, resulting in high inside air temperatures. The air mainly 
moved in through the side vent and fourth roof vent openings for an east wind of 0.5 m/s while the third 
and fourth roof openings were the only predicted inlets of airflow for an east wind of 2.5 m/s. The hinged 
open roof multi-span greenhouses were predicted to have significantly higher natural ventilation rates 
than the double polyethylene-covered multi-span greenhouses for all the spans in the absence of side 
vent. 

Discipline: Agricultural facilities 

Additional key words: computational fluid dynamics 
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Introduction 

While mechanical ventilation systems are still widely used throughout the industry presently, high energy 
costs associated with market-driven production methods have forced growers to consider alternative 
means of ventilating their greenhouses in order to remain competitive. While natural ventilation systems 
can be very difficult to design properly, increased emphasis is being placed on such systems for 
greenhouses as they generally require less electrical energy, less equipment operation and maintenance, 
and are much quieter than fan ventilation systems. 

A common goal of ventilation system designs for greenhouses during hot summer weather is to keep the 
inside air temperature as close as possible to the outside air temperature. For natural ventilation, this 
objective is generally achieved by using high air exchange rates, evaporative cooling systems such as 
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fogging, evaporative cooling from plants, and some forms of shading systems. Natural ventilation is 
achieved by air exchanges through multiple openings due to natural pressure variations inside and 
outside the greenhouse. Wind is the primary driving force making natural ventilation systems very 
difficult to design properly because of variations in the wind velocity and direction. The optimization of 
these systems for suitable climate control requires a thorough knowledge of the airflow rates and patterns 
in relation to weather conditions and greenhouse structural characteristics 6 ). 

A successful numerical model was assumed to be an ideal tool to analyze the complex phenomena of 
natural airflow and help designers choose optimum designs. There was a particular interest in 
computational fluid dynamics (CFD) numerical techniques to analyze the air distribution in agricultural 
structures as well as air quality and thermal conditions 6 ). 

The objective of this study was to evaluate the consequences of various modifications of natural 
ventilation systems by using a computational fluid dynamics (CFD) numerical model (code: Fluent 
Version 4.5) 2 ).he studies focused on the effects of wind speed and direction, side vent opening size and 
location, roof vent opening type, and number of spans on ventilation rates and airflow distribution inside 
and outside multi-span greenhouses. 

Woodruff 10 ), Kacira et al. 4 ), and Lee 6 ) studied various naturally and mechanically ventilated greenhouse 
types by using a CFD numerical model. They mainly investigated the effects of weather conditions, 
greenhouse structural specifications, internal and external shading screens, number of greenhouse spans, 
and presence of plants and benches on the air exchange rates in greenhouses. 

Lee 6 ) simulated the natural ventilation of a 2-dimensional four and one-half-span greenhouse in a CFD 
numerical model and compared it to a control volume energy balance model. Assuming the results of the 
control volume energy balance model as the standard, the results of the steady state CFD model during a 
sunny day showed errors (negative values) as high as 15 % in the morning and comparable errors 
(positive values) in the afternoon. Such errors were assumed to be due to heat storage in the floor, 
benches, and greenhouse structure and the CFD model was found to be the most reliable. 

Lee 7 ) numerically analyzed the temperature distribution in a naturally ventilated multi-span greenhouse 
with plants by a CFD simulation program using the standard k-Ipturbulence model. The computed CFD 
results of air temperature distribution showed a maximum error of A±3.2 % for west and east winds 
compared to air temperatures measured in the greenhouse for the same boundary conditions. The 
measured air temperature distribution showed that the air came into the greenhouse through the leeward 
side vent opening for low wind speed. 
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Materials and methods 

1) CFD numerical model 

The CFD technique numerically solved the Reynolds-averaged form of the Navier-Stokes equations 2 ’ 5 ) 
within each cell in the domain. The equations were discretized on a curvilinear grid to enable 
computations in complex and irregular geometries. The Reynolds-averaged process considered the 
instantaneous fluid velocity to be the sum of a mean and a fluctuating component of turbulence 1 ’ 5 ). Since 
the high-frequency and small-scale fluctuations of turbulent flow could not be directly quantified, 
turbulence numerical modeling related some or all of the turbulent velocity fluctuations to the mean flow 
quantities and their gradients. 

The standard k-e turbulence model was used in this study because the results were found to be most 
typical to known ventilation flows 2 ’ 4 ’ 5 ’ 10 ). The k-Ipturbulence model was an eddy-viscosity model in 
which the Reynolds stresses were assumed to be proportional to the mean velocity gradients, with the 
constant of proportionality being the turbulent eddy viscosity. The turbulent viscosity was obtained by 
assuming that it was proportional to the product of a turbulent velocity scale and length scale. In the k-ip 
model, these velocity and length scales were obtained from 2 parameters ; the turbulent ki netic energy 
(k) and the dissipation rate of k (ip). 

Close to solid walls, there were boundary layer regions where the local Reynolds number was so small 
that viscous effects predominated over turbulent effects 2 ). To account for this effect and for the large 
gradients of variables near the wall, the wall function method of Launder and Spalding 5 ) was used in the 
CFD model. Wall functions, when used in conjunction with the standard k-ipequations, were intended to 
reproduce the logarithmic velocity profile of a turbulent boundary layer near the wall. 

Fluent V4.5 was a two-part package consisting of a preprocessor, Geomesh, and a main module, 
Fluent/UNS2). Geomesh was used to create geometry and generate structural grids, and the triangular 
grids were developed to efficiently model the complex geometries of greenhouse structures. Fluent/UNS 
was used to specify physical models, boundary conditions, and fluid properties in the computational 
domain. The inlet air flow was assumed to be incompressible, vertically uniform in speed, and all the 
computations were performed assuming steady-state conditions. 

The Boussinesq model 2 ’ 5 ) was activated for the buoyancy effect in the computational domain. Thermal 
boundary conditions were defined at all the fluid inlets and at all the wall/fluid interfaces in the CFD 
computational domain. At the fluid inlet, the air temperature, air velocity, air velocity direction, 
atmospheric pressure, gravitational acceleration, turbulence intensity, and characteristic length were 
specified. The thermal conditions of density, specific heat, viscosity, and thermal conductivity were also 
specified for the fluid inlets. For the walls, several thermal boundary conditions were specified such as 
surface temperature, emissivity of the wall, and conductive heat transfer coefficient. 

2 ) Experimental procedures 

A simulated four-span, double polyethylene greenhouse (a) and a hinged open roof single-layered glass 
greenhouse (b) were designed with a side vent and roof vents (Fig. 1). The four-span greenhouse was 
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slightly modified from a four and one-half-span, double polyethylene greenhouse at Quailcrest farm 
located near Wooster, Ohio 6 ). The glass greenhouse was assumed to have a similar gutter configuration 
to that of the double polyethylene greenhouse. It was assumed to be a peaked-roof house with hinged 
roof panels that opened and closed via rack-and-pinion drives. For convenience, the spans between 
gutters were called the first, second, third, and fourth spans from west to east. 

Weather data were collected on hot summer (35a,,/) days for westerly and easterly winds from June 1 to 
August 30, 1997 near Wooster, Ohio (40A°47'N, 81A°55'W, elevation 310 m), and generalized for the 
CFD model inputs shown in Table 1. The input data sets were based on 4 averaged values for 4 min 
when the weather conditions such as wind speed, wind direction, and solar radiation were stable 6 ). Air 
density, viscosity, specific heat, thermal conductivity, and emissivity of various materials were calculated 
from the table of thermophysical properties 8 ’ 9 \ In the 2-dimensional CFD models, no end wall effects 
were assumed because the input data used in this study were collected when the wind direction was 
generally perpendicular to the vent openings. 

In this study, the 2-dimensional CFD models were developed to investigate the effects of side vent 
location, side vent opening size, roof vent opening type, number of spans, wind speed, and wind 
direction on the natural ventilation of multi-span greenhouses without plants and benches. The 
CFD-computed results of volumetric air change rate per minute (A.C./min), vent opening efficiency, and 
airflow distribution were compared according to greenhouse structural specifications and weather 
boundary conditions. The visual representation of the airflow distribution in the greenhouse was obtained 
via vectors with the CFD model. 

Side vent placement was very important to prevent plant damage and yet avoid short-circuiting of airflow 
out through an adjacent roof vent. The effect of the west side vent location on the natural ventilation of a 
four-span double polyethylene-covered greenhouse was investigated for west and east winds of 0.5, 1.0, 
and 2.5 m/s when the vertical roof and side vent opening sizes were 0.76 and 0.9 m in height, 
respectively. The distance between the bottom of the west side vent opening and floor varied from 0.5 to 
2.5 m. 

The 2-dimensional CFD models were developed to investigate the effect of the vertical opening size of 
the west side vent on the natural ventilation of the greenhouse with west and east winds. All the vertical 
roof vent openings were 0.76 m wide and the distance between the bottom of the west side vent and floor 
was 0.5 m. The vertical opening size of the west side vent varied from 0.9 to 2.7 m. 

The effects of the roof vent opening type and number of greenhouse spans on natural ventilation rates of 
multi-span greenhouses were investigated. The predicted natural ventilation rates of the double 
polyethylene greenhouse (Fig. 1(a)) and hinged open roof greenhouse (Fig. 1(b)) were compared to each 
other. The average wind speed of 2.5 m/s was assumed based on a statistical analysis of the weather data 
conducted in Ohio from 1991 to 1995 10 ). The distance between the bottom of the west side vent and floor 
was 0.5 m for all cases. The vertical roof vent opening sizes of the double polyethylene greenhouse were 
0.76 m in height while the horizontal roof vent opening sizes of the glass greenhouse were 6.2 m. 
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Table 1 


Table 1. Constant main input values for the 2-dimensional CFD model 


Factor 

Value 

Wind direction 

West (left to right) 

East (right to left) 

Roof cover temperature 

40° C 

Side wall temperature 

[4(FC 

Inside ground temperature 

43°C 

Outside ground temperature 

40° C 

Sky temperature 

32°C 

Temperature of inlet (outside) air 

32°C 

Density of inlet air 

1.1448 kg/m 3 

Viscosity of inlet air 

1.97E-05 kg/m-s 

Thermal conductivity of inlet air 

0.0267 W/m-°C 

Specific heat of inlet air 

1007.2 J/kg-°C 

Thermal expansion coefficient 

0.0033 L/°C 

Thermal conductivity of double polyethylene 

4.0 W/m-°C 

Thermal conductivity of single glass 

6.3 W/m-°C 

Turbulence intensity 

|5% 

Turbulence length of greenhouse 

3.5 m 

Gravitational acceleration of inlet air 

9.81 m/s 2 

Atmospheric pressure 

101,324 Pa 

Sky emissivity 

0.90 

Cover emissivity 

0.93 

Glass emissivity 

0.90 

Outside ground emissivity 

p5 

Inside ground emissivity 

0.90 
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Results and discussion 

1) Effect of side vent location on natural ventilation 

Fig.2 shows the predicted effects of side vent location, wind speed, and wind direction on the natural 
ventilation rates in a double polyethylene-covered four-span greenhouse when the vertical side vent and 
roof vent opening sizes were 0.9 and 0.76 m, respectively. The CFD-computed results showed that the 
west side vent location exerted the most pronounced effect on the total ventilation rate for a west wind 
where the rates were reduced by approximately 20, 16, and 14 % for winds of 2.5, 1.0, and 0.5 m/s, 
respectively when the west side vent was moved from the lowest to highest position. The results 
indicated that the lowest side vent location (0.5 m above floor) gave the highest natural ventilation rate 
for both wind directions and the west wind led to an average of 11 % higher natural ventilation rate than 
the east wind. An east wind of 0.5 m/s, however, showed a 17 % higher natural ventilation rate than a 
west wind of 0.5 m/s while a west wind of 2.5 m/s showed a 20 % higher natural ventilation rate than an 
east wind of 2.5 m/s. With low east wind speed, the combination of buoyancy and wind effects exerted a 
positive pressure on the fourth roof vent and the west side vent openings. This resulted in both vent 
openings being inlets and a greater natural ventilation rate than in the case of a west wind with the same 
speed. 

The CFD-computed results in Table 2 showed that the side vent was a very active vent opening as either 
an inlet or outlet depending on both wind speed and direction. The air mainly moved in through the side 
vent and fourth roof vent openings for an east wind of 0.5 and 1.0 m/s while the third and fourth roof 
openings were the only predicted inlets of airflow for an east wind of 2.5 m/s. When the bottom of the 
side vent was located at 0.5, 1.5, and 2.5 m above the floor, the percentages of airflow through the side 
vent as an inlet were 70, 44, and 37 %, respectively for an east wind of 0.5 m/s while 57, 44, and 42 %, 
respectively as an outlet for an east wind of 2.5 m/s. It indicated that the side vent was likely to become a 
more active vent opening as the side vent location was lower. 

For a west wind, as shown in Table 2, the incoming air was predicted to enter the side vent and the first 
roof vent openings and to move out at all the other roof vents when the bottom of the side vent was 
located at 0.5 and 1.5 m above the floor. The incoming air, however, was predicted to enter the side vent 
and the fourth roof vents for a low west wind speed when the bottom of the side vent was located at 2.5 
m above the floor. For the same vent configuration and a west wind of 2.5 m/s, approximately 59 % of 
the incoming air through the side vent was predicted to a ceshort-circuita • out through the first roof vent 
opening. This also resulted in a very low velocity prediction near the plant level in the third and fourth 
spans in spite of a favorable overall natural ventilation rate as shown in Fig.2. 

Fig. 3 shows the CFD-computed vectors of airflow in a double polyethylene multi-span greenhouse for a 
west wind of 2.5 m/s when the bottom of the west side vent opening was located at 0.5 m (a) and 2.5 m 
(b) above the floor. Fig. 3(a) shows that the predicted inlet air moved along the floor from west to east in 
the greenhouse when the side vent was located at 0.5 m above the floor. A large portion of the inlet air 
through the side vent located at 2.5 m above the floor, however, was predicted to move out through the 
first roof vent opening and the air flow was very low at the second, third, and fourth vents of the 
greenhouse. 
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(a) West wind 



Wind speed (m/s) 



West side vent 
location from 
floor (m) 


(b) East wind 



0.5 


Wind speed (m/s) 


Fig.2.CFD-computed natural ventilation rates (A.C./min) in a double polyethylene-covered four-span greenhouse based 
on west side vent location, wind direction, and wind speed when the vertical side vent and roof vent opening sizes 
were 0.9 and 0.76 m, respectively 
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Table 2. 


CFD-computed percentages of volumetric inlet and outlet airflow at vent openings based on west side vent location (W.S.V.L.), wind 
speed, and wind direction when the vertical west side vent and roof vent opening sizes were 0.9 and 0.76 m, respectively 


W.S.V.L. b ) 

West wind 

Percentage of inlet/outlet airflow at vent opening 3 ) (%) 

(m) 

(m/s) 

Side 

Roofl 

Roof2 

Roof3 

Roof4 


0.5 

94/0 

6/2 

0/20 

0/39 

0/39 

0.5 

1.0 

98/0 

2/7 

0/24 

0/32 

0/37 


2.5 

94/0 

6/1 

0/20 

0/33 

0/46 


0.5 

88/0 

12/0 

0/23 

0/40 

0/37 

1.5 

1.0 

95/0 

5/4 

0/26 

0/32 

0/38 


2.5 

90/0 

10/0 

0/24 

0/31 

0/45 


0.5 

92/0 

0/19 

0/22 

0/45 

8/14 

2.5 

1.0 

98/0 

0/39 

0/11 

0/33 

2/17 


2.5 

92/0 

0/54 

8/0 

0/11 

0/35 

Vent location 

East wind 

Percentage of inlet/outlet airflow at vent opening 3 ) (%) 

(m) 

(m/s) 

Side 

Roofl 

Roof2 

Roof3 

Roof4 


0.5 

70/0 

0/15 

0/39 

0/46 

30/0 

0.5 

1.0 

29/0 

0/28 

0/52 

0/20 

71/0 


2.5 

0/57 

0/20 

0/12 

5/11 

95/0 


0.5 

44/0 

0/26 

0/57 

0/17 

56/0 

1.5 

1.0 

11/0 

0/55 

0/36 

0/9 

89/0 


2.5 

0/44 

0/27 

0/16 

5/13 

95/0 


0.5 

37/0 

0/52 

0/44 

3/4 

60/0 

2.5 

1.0 

22/0 

0/65 

0/23 

0/12 

78/0 


2.5 

0/42 

0/28 

0/17 

5/13 

95/0 


a) : The roof (vent) number is counted from the west span to the east span. 

b) : W.S.V.L. indicates the distance between the bottom of the west side vent opening and floor. 
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(a) Side vent located at 0.5 m above the floor 




Fig. 3.CFD-computed vectors of airflow in a double polyethylene multi-span greenhouse for a west wind of 2.5 m/s when the bottom of the west side 
vent opening was located at 0.5 and 2.5 m above the floor 

The vertical side vent opening size was 0.9 m in height. The mi nimum and maximum computed air velocities in the computational domain were (a) 0.004 
and 4.48 m/s, respectively and (b) 0.002 and 4.49 m/s, respectively. 
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2) Effect of side vent opening size on natural ventilation 

Fig. 4 shows the effects of the vertical west side vent opening size, wind speed, and wind direction on the 
natural ventilation rate in a double polyethylene-covered four-span greenhouse when the bottom of the 
side vent opening was located at 0.5 m above the floor. Fig. 4 shows that the averaged natural ventilation 
rates with the vertical side vent opening sizes of 0.9, 1.8, and 2.7 m in height, were 0.42, 0.71, and 0.95 
A.C./min, respectively for a west wind and 0.36, 0.64, and 0.78 A.C./min, respectively for an east wind. 
The CFD-computed results indicated that the west side vent opening size could markedly affect the 
natural ventilation rate of the greenhouse, especially for the west wind and high east wind speed. 

Table 3 shows the CFD-computed percentages of volumetric airflow at each vent opening based in the 
vertical west side vent opening size, wind speed, and wind direction. For west winds, the side vent was 
the only inlet of airflow with vertical side vent opening sizes of 1.8 and 2.7 m in height while the side 
vent and the first roof vent openings were inlets with a vertical side vent opening size of 0.9 m in height. 
For east winds of 0.5 and 1.0 m/s, the side vent became a more active inlet of airflow as the vertical side 
vent opening size increased while the side vent was predicted to be a significant outlet for an east wind of 
2.5 m/s. 

3) Effect of number of spans and roof vent opening type on natural ventilation 

The predicted effects of the number of spans and vertical west side vent opening size on the natural 
ventilation rate in double polyethylene multi-span greenhouses for a west wind of 2.5 m/s are shown in 
Fig. 5(a). The CFD-computed results indicated that the natural ventilation rate decreased as the number 
of greenhouse spans increased while the natural ventilation rate was directly proportional to the vertical 
west side vent opening size for all cases. Even an 8-span greenhouse (60 m wide) was predicted to have a 
high natural ventilation rate when a large side vent opening was used. The CFD-computed results also 
showed that the natural ventilation was very low without the windward side vent opening. As shown in 
Table 4(a), the air generally was predicted to come into the greenhouse through the windward side vent 
and the first roof vent with a 0.9 m side vent opening while the side vent was predicted to be the only 
inlet of airflow with a windward side vent opening of 2.7 m in height. It was also predicted that the flow 
rates of the roof vents as outlets increased from windward to leeward walls when the windward side vent 
was open. When the windward side vent was closed, however, the air was predicted to mainly move into 
the greenhouse through the middle roof vents and move out through both end side roof vents. 

The predicted effects of the number of spans and vertical west side vent opening size on natural 
ventilation rate for a hinged open roof multi-span greenhouse with a west wind of 2.5 m/s are shown in 
Fig. 5(b). Significantly higher natural ventilation rates were predicted compared to the double 
polyethylene greenhouses for all the spans, especially when no side vent or a small side vent was used. It 
indicated the influence of the roof vent opening size and shape and the possibility of air moving over the 
windward wall and the creation of reverse flow in the greenhouse at plant level. 

No consistent relationship was revealed between the natural ventilation rate in the hinged open roof 
greenhouse and the number of spans and side vent opening with vertical windward side vent opening 
sizes of 0.0 and 0.9 m. This was because the air flow was predicted to pass up and over the west, 
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windward wall and come down in reverse flow as shown in Fig. 6. With a side vent opening size of 2.7 
m, the natural ventilation rate was predicted to increase proportionally to the number of spans. When the 
open roof multi-span greenhouse had more than 6 spans, the larger side vent opening was predicted to 
provide the optimum natural ventilation rates. As shown in Table 4(b) , the CFD-computed results 
indicated that the roof vents acted as inlet or outlet of airflow according to the number of spans and 
windward side vent opening size while the windward side vents always acted as an inlet to airflow. 

Fig. 6 shows the CFD-computed vectors of airflow in a hinged open roof greenhouse for a west wind of 
2.5 m/s when the vertical windward side vent opening sizes were 0.0 m (a) and 2.5 m (b) in height. The 
fourth and first roof vents were the main inlet and outlet openings, respectively without the side vent 
open while the side vent and the fourth roof vent were the main inlet and outlet openings, respectively 
while the side vent was open. The CFD results predicted that the same ventilation patterns would develop 
as in the double polyethylene greenhouse when the windward side vent was fully open. When the 
windward side vent was closed, however, the air went up and over the windward side wall and entered 
the greenhouse at the fourth roof vent opening, creating a reverse flow across the greenhouse. 
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Fig. 


4.CFD-computed natural ventilation rate (A.C./min) in a double polyethylene-covered four-span greenhouse based on 
west side vent opening size, wind direction, and wind speed when the bottom of the side vent was located at 0.5 m 
above the floor 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-4/sasao/..\miyazaki/..\Lee/f4.html [10/7/2002 9:02:29 PM] 













Table 3. 

CFD-computed percentages of volumetric airflow at vent openings based on vertical west side vent opening size, wind 
speed, and wind direction when the bottom of the side vent was located at 0.5 m above the floor 


Vent open size 

West wind 

Percentage of inlet/outlet airflow at vent opening 8 ) (%) 

(m) 

(m/s) 

Side 

Roofl 

Roof2 

Roof3 

Roof4 


0.5 

94/0 

6/2 

0/20 

0/39 

0/39 

0.9 

1.0 

98/0 

2/7 

0/24 

0/32 

0/37 


2.5 

94/0 

6/1 

0/20 

0/33 

0/46 


0.5 

100/0 

0/10 

0/25 

0/32 

0/33 

1.8 

1.0 

100/0 

0/12 

0/27 

0/30 

0/31 


2.5 

100/0 

0/7 

0/26 

0/29 

0/38 


0.5 

100/0 

0/16 

0/25 

0/29 

0/30 

2.7 

1.0 

100/0 

0/19 

0/26 

0/27 

0/28 


2.5 

100/0 

0/18 

0/23 

0/26 

0/33 

Vent open size 

East wind 

Percentage of inlet/outlet airflow at vent opening 8 ) (%) 

(m) 

(m/s) 

Side 

Roofl 

Roof2 

Roof3 

Roof4 


0.5 

70/0 

0/15 

0/39 

0/46 

30/0 

0.9 

1.0 

29/0 

0/28 

0/52 

0/20 

71/0 


2.5 

0/57 

0/20 

0/12 

5/11 

95/0 


0.5 

83/0 

0/15 

0/34 

0/51 

17/0 

1.8 

1.0 

37/0 

0/29 

0/45 

0/26 

63/0 


2.5 

0/85 

4/2 

17/0 

0/13 

79/0 


0.5 

92/0 

0/16 

0/31 

0/45 

8/8 

2.7 

1.0 

41/0 

0/28 

0/43 

0/29 

59/0 


2.5 

0/92 

16/0 

17/0 

4/8 

63/0 


a): The roof (vent) number is counted from the west span to the east span. 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-4/sasao/..\miyazaki/..\Lee/t3.html [10/7/2002 9:02:31 PM] 
























Fig. 5. 


Effects of number of spans and vertical windward side vent opening size on natural ventilation rate in a double 
polyethylene greenhouse (a) and a hinged open roof greenhouse (b) for a west wind of 2.5 m/s 
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Table 4. 

CFD-computed percentages of volumetric airflow at vent openings based on roof vent opening 
type, number of spans, and vertical windward side vent size for a west wind of 2.5 m/s when the 
bottom of the side vent was located at 0.5 m above the floor 


(a) Double polyethylene multi-span greenhouse 


Side 

No. of 

Percentages of inlet/outlet airflow at vent opening 3 ) (%) 

vent(m) 

spans 

Side 

Roofl 

Roof2 

Roof3 

Roof4 

Roof5 

Roof6 

Roof7 

Roof8 


2 

0/0 

100/0 

0/100 







n n 

4 

0/0 

0/36 

33/0 

67/0 

0/64 





u.u 

6 

0/0 

0/15 

25/0 

34/0 

41/0 

0/56 

0/29 




8 

0/0 

0/21 

0/18 

0/20 

0/9 

26/0 

34/0 

40/0 

0/32 


2 

100/0 

0/25 

0/75 







A Q 

4 

94/0 

6/1 

0/20 

0/33 

0/46 





U.7 

6 

89/0 

9/0 

2/2 

0/13 

0/18 

0/28 

0/39 




8 

89/0 

11/0 

0/6 

0/11 

0/9 

0/8 

0/12 

0/19 

0/35 


2 

100/0 

0/43 

0/57 







2.7 

4 

100/0 

0/18 

0/23 

0/26 

0/33 






6 

100/0 

0/5 

0/15 

0/16 

0/16 

0/22 

0/26 




8 

97/0 

3/0 

0/8 

0/9 

0/11 

0/14 

0/16 

0/18 

0/24 


a): The roof (vent) number is counted from the west span to the east span. 


(b) Hinged open roof multi-span greenhouse 


Side vent 

(m) 

No. of spans 

Pei 

Side 

rcentag 

Roofl 

;es of in 
Roof2 

ilet/outl 

Roof3 

let airfl 
Roof4 

low at i 
Roof5 

ent op 
Roof6 

ening a ) 

Roof7 

'(%) 

Roof8 

0.0 

2 

4 

6 

8 

0/0 

0/0 

0/0 

0/0 

43/53 

0/69 

0/53 

0/57 

57/47 

12/20 

8/11 

8/12 

15/11 

16/8 

7/6 

73/0 

32/0 

8/7 

44/0 

21/0 

0/28 

31/0 

25/3 

0/15 

0.9 

2 

4 

6 

8 

36/0 

36/0 

23/0 

14/0 

51/17 

41/19 

17/14 

10/13 

13/83 

19/28 

9/16 

5/10 

0/47 

2/21 

0/32 

4/6 

2/38 

3/30 

7/11 

5/11 

40/0 

12/4 

27/0 

24/0 

2.7 

2 

4 

6 

8 

66/0 

50/0 

63/0 

58/0 

29/13 

23/9 

19/10 

20/9 

5/87 

12/16 

5/15 

4/12 

13/14 

5/7 

3/9 

2/61 

4/18 

0/6 

0/5 

9/8 

4/45 

0/20 

3/2 

3/34 


a): The roof (vent) number is counted from the west span to the east span. 
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(a) Side vent opening size of 0.0 m 



(b) Side vent opening size of 2.7 m 



Fig. 6. CFD-computed vectors of airflow in a hinged open roof glass greenhouse for a west wind of 2.5 m/s when the vertical windward side vent 

opening size was 0.0 (a) and 2.7 m (b) in height and the bottom of the side vent was located at 0.5 m above the floor 

The minimum and maximum computed air velocities in the computational domains were (a) 0.002 and 4.27 m/s, respectively and (b) 0.003 and 3.72 
m/s, respectively. 
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Conclusions 

The CFD-computed results predicted that the west side vent location did not strongly affect natural 
ventilation rates in a four-span double polyethylene-covered greenhouse for both wind directions as 
much as the wind speed. 

It was predicted that the lowest side vent location at 0.5 m above the floor resulted in a higher natural 
ventilation rate in the double polyethylene multi-span greenhouse for both wind directions than the 
higher vent location. The west wind cases were predicted to show an average of 11 % higher natural 
ventilation rate than the east wind. 

An east wind of 0.5 m/s showed an average of 17 % higher natural ventilation rate than a west wind of 
0.5 m/s with a west side vent opening while a west wind of 2.5 m/s showed an average of 20 % higher 
natural ventilation rate than an east wind of the same velocity. 

The CFD-computed results indicated that the west side vent was a very active vent opening as inlet and 
outlet of airflow, respectively for low and high east wind speeds. The air mainly moved in through the 
side vent and fourth roof vent openings for an east wind of 0.5 m/s while the third and fourth roof 
openings were the inlets of airflow for an east wind of 2.5 m/s. It was also predicted that the side vent 
would become a more active vent opening as the side vent location was lower. 

For the bottom of the 0.9 m side vent located at 2.5 m above the floor for a west wind of 2.5 m/s, 
approximately 59 % of incoming air through the side vent was predicted to move directly out through the 
first roof vent opening without reaching the other areas of the greenhouse. 

The CFD-computed results indicated that the west side vent opening sizes markedly affected the natural 
ventilation rate in the greenhouse, especially for the west wind. For west winds, the side vent was the 
only inlet of airflow with the vertical side vent opening sizes of 1.8 and 2.7 m in height while the side 
vent and the first roof vent openings were inlets with a vertical side vent opening size of 0.9 m in height. 

The natural ventilation rate in the double polyethylene greenhouse was predicted to decrease as the 
number of greenhouse spans increased while the natural ventilation was very low without the windward 
side vent opening. It was also predicted that the windward side vent opening size was very important for 
good natural ventilation of the multi-span greenhouse. 

The hinged open roof vent greenhouses generated significantly higher natural ventilation rates than the 
double polyethylene greenhouses for 2, 4, 6, and 8 spans. It indicated the importance of the roof vent 
opening size and shape and the possibility of achieving reverse airflow at plant level when no side vent 
was used with the hinged open roof greenhouse. 

For the hinged open roof vent greenhouse, the highest natural ventilation rate for the widest span tested 
(8 spans) was obtained with a side vent opening size of 2.7 m. When the multi-span greenhouse had more 
than 6 spans, larger side vent openings were predicted to generate better natural ventilation. 
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Abstract 

Accumulation of trehalose, which is a disaccharide composed of 2 molecules of glucose, is generally 
considered to be a critical determinant in improving the stress tolerance of the baker's yeast 
Saccharomyces cerevisiae. To retain this accumulation in yeast cells, we constructed diploid 
homozygous trehalase (trehalose-hydrolyzing enzyme)-deficient mutants by the gene disruption method 
from commercial baker's yeast. During fermentation, degradation of intracellular trehalose was inhibited 
in the trehalase-deficient mutants. Their freeze tolerance was maintained at a higher level than that of the 
parent strain. Due to the improved freeze tolerance exhibited by the trehalase-deficient mutants, these 
strains may be suitable for use in the baking process of frozen dough. 
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Introduction 

In the baking industry, frozen dough technology has recently been applied due to its advantages in 
supplying oven-fresh bakery products to consumers, as well as improving labor conditions for bakers 10 ). 
Standard commercial baker's yeast is generally susceptible to damage during frozen storage and does not 
retain a sufficient leavening ability after frozen storage. Freeze tolerance is an important characteristic 
for yeast used in frozen doughs, because post-thaw leavening activity is essential prior to baking. The 
ability to tolerate freeze stress depends on many factors, including the growth phase and rate, nutritional 
status, rate of freezing, and the intracellular amount of cryoprotective compoundsAlthough 
freeze-tolerant yeast strains have also been obtained by conventional mutation procedures 14 ’ 16 - 25 ), bread 
baked with such strains has less taste and flavor compared with bread baked with parent strains. The 
objective of this study was to develop freeze-tolerant baker's yeast from commercial strains using DNA 
recombinant techniques, without loss of the yeast's other beneficial properties. 
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Because disaccharide trehalose is considered to be a critical determinant of stress tolerance in the yeast 
Saccharomyces cerevisiae (S. cerevisiae ^5,7,9,21 ) ? we constructed trehalase-deficient mutants and 
investigated their freeze-tolerance. Two enzymes are capable of hydrolyzing trehalose: a neutral 
cytosolic trehalase (designated as Nthlp) and an acidic trehalase (designated as Athlp) 13 ). Both Nthlp 
and Athlp have been purified from S. cerevisiae, and the corresponding genes have been cloned and 

sequenced 1 - 6 ,ll). 


In order to determine the effect of trehalase gene dismption during the baking process, we constmcted 
trehalase-deficient diploid strains from commercial baker's yeast. We showed that these mutants 
accumulated higher levels of trehalose than their parent strain under optimal culture conditions for high 
trehalose contents, and that trehalose accumulation was correlated with a higher freeze tolerance in 
frozen dough baking. We also showed that commercial application of the mutant strains could be 
obtained by gene disruption. 
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Abstract 

Cabbage seedlings exposed to non-freezing low temperature (5a„/) under a 12 h photoperiod acquired 
the freezing tolerance, while the plants exposed to non-freezing low temperature in the dark did not 
acquire the freezing tolerance. On the contrary, in the case of reversal from cold acclimation, the freezing 
tolerance of the plants was reduced by exposure to normal growth temperature (20/15a„/) regardless of 
light conditions. These changes in freezing tolerance coincided with the changes in the sugar contents of 
cabbage leaves. The plants subjected to water stress by withholding water displayed a higher degree of 
freezing tolerance and increase of sugar contents compared with the watered plants. Thus, it was 
assumed that cabbage seedlings required light to acquire the freezing tolerance after exposure to low 
temperature, while deacclimation was induced without light and it was confirmed that water stress 
increased to a certain extent the freezing tolerance in cabbage seedlings. 

Discipline: Horticulture 

Additional key words: cold acclimation, de-acclimation 
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Introduction 

Cabbage is one of the most important vegetables in Japan and is often injured by cold or frost. Most of 
the overwintering plants acquire the freezing tolerance by exposure to non-freezing low temperature, and 
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this process is referred as cold acclimation. Freezing tolerance of plants is affected by various 
environmental factors 1 ), besides temperature. Furthermore, cold acclimation is also influenced by several 
environmental factors. Drought and desiccation stress increased the freezing tolerance in rye 2 ), and 
winter wheat 14 ). On the other hand, it has been reported that cold acclimation is accompanied by 
biochemical changes affecting sugars 9 ’ 11 ), proteins 10 ) and plasma membrane lipids 15 ). Sasaki et al. 
(1996) 8 ) showed that cabbage seedlings exposed to non-freezing low temperature (5a„/) acquired a 
freezing tolerance. However, the role of light during cold acclimation and deacclimation and the 
relationship between the freezing tolerance and water stress in cabbage seedlings remained to be 
elucidated. 

The analysis of the mechanism of acquisition and loss of freezing tolerance in cabbage could contribute 
to the stable production of cabbage and other vegetables. This study was conducted to investigate the 
effects of light during cold acclimation and deacclimation and water stress on freezing tolerance and 
sugar contents in cabbage seedlings. 


Materials and methods 

1) Plant materials and growth conditions 

Seeds of cabbage {Brassica oleracea L. cv. Banchurisou) were sown in plastic pots filled with a soil 
mixture (Pretty Soil Gold N-140, Otsukasangyo, Nagano, Japan). Plants (one plant per pot) were grown 
in a growth chamber at 20/15a„/ (day/night) and under a 12 h photoperiod in which illumination was 
supplied by metal halid lamps (MLBOC400C-U, Mitsubishi Electric OSRAM, Yokohama, Japan) using 
a photo synthetic photon flux density (PPFD) of 230 A± 10 Apmol A- nr 2 A-s _l . 

2) Exp.l Effects of light on cold acclimation and deacclimation 

Three weeks after sowing, the seedlings were exposed to 5a„/ for 7 days under a 0 (dark) or 12 h (light) 
photoperiod as cold acclimation treatments. For deacclimation treatments, seedlings cold-acclimated by 
exposure to 5a„/ under a 12 h photoperiod for 7 days were transferred to a growth chamber at 20/15a„/ 
for 2 days under a 0 or 12 h photoperiod. In the plants subjected to the low temperature and 
deacclimation treatments, the freezing tolerance and sugar contents were determined. 

3) Exp.2 Effects of water stress on freezing tolerance and sugar contents 

The seedlings which unfolded 2 leaves and were watered daily, or not watered for 3 days, were grown in 
a growth chamber at 20/15 a„/under a 12 h photoperiod. The amount of water supplied to the plants 
exceeded 40 mL A- pot' 1 A- day 1 . The soil water contents (mean A± standard error) of the watered and 
non-watered treatments were 45.4 A± 1.6% and 22.3 A± 0.9%, respectively. The plants that were 
watered and not watered were used for measuring the freezing tolerance and sugar contents. 

4) Freezing tolerance test 

The degree of freezing tolerance of the seedlings was expressed in terms of the electrolyte leakage 
determined by methods previously described 8 ). Leaf discs excised from the 2nd leaves of the seedlings 
were placed in a test tube. Test tubes were transferred to a chamber where the temperature was lowered 
to -8°C at a rate of 0.25a„//min. When the temperature in the chamber was -2atest tubes were 
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maintained at -2a„/ for 1 h and the leaf discs were sprayed with deionized water to initiate extracellular 
freezing. Test tubes were maintained at -2, -4, -6 or -8a„/ for 30 min and were allowed to thaw at room 
temperature for about 1 h. The warming rate was about 0.4a„//min. Test tubes in which deionized water 
(15 mL) was added were stored overnight at room temperature. Then the conductivity of the solution in 
the test tubes was measured. After heating in boiling water for 20 min, the conductivity was again 
measured. The degree of electrolyte leakage was calculated as a percentage of conductivity of the 
solution before heating to that after heating. 

5) Determination of soluble sugars 

Soluble sugar contents were measured by the method previously described 12 ). The 2nd leaves were cut 
from the plants and their midribs were removed. The remainder of the leaf was extracted in 10 volumes 
of 80% (v/v) ethanol at approx. 75a,,/ for 30 min. After cooling at room temperature, xylose (0.5% of the 
sample weight) was added as an internal standard, and the sample was homogenized. The homogenate 
was centrifuged at 1,500 IZUg for 10 min. The pellet was re-extracted twice in 5 volumes of 80% (v/v) 
ethanol, the three supernatants were combined and dried in a vacuum centrifuge. The residue was 
dissolved in 1 mL of distilled water. The sample was passed through a SEPa “PAK Cl8 cartridge 
(Millipore Corporation, Massachusetts, USA) which had been equilibrated with water, after which 2 mL 
of distilled water was eluted. An aliquot (20 ApL) of the eluate was analyzed by HPLC using an 
830a “RI refractive index detector (JASCO, Tokyo, Japan) and a Shodex SUGAR SP0810 column 
(Showa Denko Co., Tokyo, Japan). The column temperature was 80a,,/, and the mobile phase consisted 
of distilled water at a flow rate of 0.8 mL mim 1 . 
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homozygous trehalase (trehalose-hydrolyzing enzyme)-deficient mutants by the gene disruption method 
from commercial baker's yeast. During fermentation, degradation of intracellular trehalose was inhibited 
in the trehalase-deficient mutants. Their freeze tolerance was maintained at a higher level than that of the 
parent strain. Due to the improved freeze tolerance exhibited by the trehalase-deficient mutants, these 
strains may be suitable for use in the baking process of frozen dough. 

Discipline: Food microbiology 
Additional key words: bread 
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Introduction 

In the baking industry, frozen dough technology has recently been applied due to its advantages in 
supplying oven-fresh bakery products to consumers, as well as improving labor conditions for bakers 10 ). 
Standard commercial baker's yeast is generally susceptible to damage during frozen storage and does not 
retain a sufficient leavening ability after frozen storage. Freeze tolerance is an important characteristic 
for yeast used in frozen doughs, because post-thaw leavening activity is essential prior to baking. The 
ability to tolerate freeze stress depends on many factors, including the growth phase and rate, nutritional 
status, rate of freezing, and the intracellular amount of cryoprotective compoundsAlthough 
freeze-tolerant yeast strains have also been obtained by conventional mutation procedures 14 ’ 16 - 25 ), bread 
baked with such strains has less taste and flavor compared with bread baked with parent strains. The 
objective of this study was to develop freeze-tolerant baker's yeast from commercial strains using DNA 
recombinant techniques, without loss of the yeast's other beneficial properties. 
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Because disaccharide trehalose is considered to be a critical determinant of stress tolerance in the yeast 
Saccharomyces cerevisiae (S. cerevisiae ^5,7,9,21 ) ? we constructed trehalase-deficient mutants and 
investigated their freeze-tolerance. Two enzymes are capable of hydrolyzing trehalose: a neutral 
cytosolic trehalase (designated as Nthlp) and an acidic trehalase (designated as Athlp) 13 ). Both Nthlp 
and Athlp have been purified from S. cerevisiae, and the corresponding genes have been cloned and 

sequenced 1 - 6 ,ll). 


In order to determine the effect of trehalase gene dismption during the baking process, we constmcted 
trehalase-deficient diploid strains from commercial baker's yeast. We showed that these mutants 
accumulated higher levels of trehalose than their parent strain under optimal culture conditions for high 
trehalose contents, and that trehalose accumulation was correlated with a higher freeze tolerance in 
frozen dough baking. We also showed that commercial application of the mutant strains could be 
obtained by gene disruption. 
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Abstract 

Multivariate analysis of mandible measurements was applied to identify and to investigate the genetic 
relationships between 5 outbred stocks of female mice, Dlv:CD-l, Hg:CD-l, Crj:CD-l, CF-1 and 
Slc:ddY. (l)Principal component analysis revealed that CF-1 had a relatively large mandible with an 
obtuse muscular process and a low anterior mandibular body, whereas Hg:CD-l had a smaller mandible 
and exhibited intermediate values in terms of muscular process shape and anterior height. Crj:CD-l 
showed a moderately large mandible and a higher anterior mandibular body. While the mandibles of 
Dlv:CD-l and Slc:ddY were comparatively similar to each other in that they were both medium-sized, 
the former had an acute muscular process projecting posteriorly whereas the latter had a less prominent 
process. These morphological relationships between the 5 stocks determined by principal component 
analysis were generally in agreement with Mahalanobisa ™ distance between stocks based on the same 
mandible measurements. (2) According to the results of discriminant analysis, the frequency of 
misclassification was 11.4%, or 9/79 head when actual mandible measurements were used in 
categorization and 10.1%, or 8/79, when relative values, which exclude the size effect, were used. These 
data indicate that the genetic constitution of the 3 CD-I stocks examined in this study differed from one 
another. (3) Based on dendrograms calculated from actual mandible measurements and relative values, 
Dlv:CD-l was more closely related to CF-1 or Slc:ddY, which are derived from mice of other origins, 
than the CD-I stocks examined in this study. Thus genetic monitoring seems to be essential for outbred 
stocks as well as for inbred strains. 
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Introduction 

The CD-I strain, one of the most useful outbred stocks (closed colonies) of laboratory mice, has been 
used for various testing conditions including those for dmgs and biological products. In Uruguay, CD-I 
mice have also been introduced to several research institutions by the Charles River Laboratories (USA) 
and have been maintained and used for the above-mentioned tests. Since the CD-I mice were introduced 
separately into each institute and were maintained independently from generation to generation, it is 
possible that the genetic constitution of each stock may differ from one another. Therefore, investigations 
of the genetic relationships between the outbred stocks should be carried out. 

For inbred strains of laboratory mice or rats, genetic monitoring such as strain identification and 
estimation of genetic relationships between strains has mainly been performed by the use of biochemical 
and immunological marker genes 7 ). These methods, however, are not as effective for outbred stocks such 
as CD-I. 

Mandible analysis proposed by Festing 1 ) is based on the assumption that the shape of the mandible is a 
heritable trait. This type of analysis is suitable not only for genetic monitoring of inbred strains but also 
for that of outbred stocks 2 ~ 4 ). 

In light of the above-mentioned advantages of mandible analysis, the present study was undertaken to 
clarify the genetic relationships among several independently maintained CD-I stocks. 


[ 
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Abstract 

The analysis of the resting behavior of domestic animals must include the analysis of eyelid and eyeball 
movements and bodily motion. We developed an apparatus for measuring the movement of eyelids and 
eyeballs of domestic animals. The apparatus consists of a charge-coupled device (CCD) camera placed in 
the eyelid region of a head mask, and an infrared light-emitting diode as a light source. Two types of 
apparatus have been developed: one, using a wire system and the other, using a measurable telemetry 
system in an unrestricted state. The weight of the device with the wire system was about 50 g and that 
with the telemetry system was about 880 g. The operating time of the telemetry system was 24 h or more 
when nickel-hydrogen was used in the power supply. By using the wire system in calf, the movements of 
the eyelid and eyeball could be divided into four categories; fully open eyelid movement, half-closed 
eyelid movement, fully closed eyelid movement and eyeball movement. The results showed that the time 
of half-closed eyelids and fully closed eyelids while the animal was lying down was longest from 
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midnight to 7:00 a.m. and eyelids were half-closed or fully closed even during rumination. In the horse, 
the telemetry system device could be used continuously without discomfort for 24 h. Comparison of the 
eyelid movement and cortex brain waves, showed that the power spectrum of the cerebral cortex brain 
waves in an animal lying down with a half-open eyelid mainly consisted of d waves while when the 
animal was standing with a fully open eyelid, a waves also appeared. 

Discipline: Animal industry 

Key words: brain waves, behavior analysis 
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Introduction 

Active movement and resting behavior, or the waking and sleeping behavior, of domestic animals can be 
distinguished according to changes in bodily motion 4 ). However, the analysis of the resting behavior is 
insufficient when used by itself for the detection of changes in bodily motion. For the purpose of our 
study, the resting behavior of domestic animals may include any of the following conditions, fully closed 
eyelid, half-closed eyelid in a state of drowsiness, fully opened eyelid, and eyeball moving with fully 
opened eyelid in a state of quiescence, which might occur when an animal is lying down or stretched out 
on its stomach. In addition, resting behavior may also be identified by a half closed-eyelid or a fully 
closed eyelid while an animal is mminating. Thus, resting animala ™s awareness occurs at several 
different levels. When rest is considered to reflect the actions of the parasympathetic nervous system, it 
was observed that the resting behavior was closely related to stress. It has also been reported that the 
difference in the frequency spectmm of brain waves indicates whether the eyes are open or closed 
because of the relationship between the activity of the eyelid and brain waves resulting from cerebral 
electrical activity 7 ’ 8 ). Therefore, the determination of a resting animala ™s awareness level is a 
necessary part of a more complete analysis of a domestic animal, which includes eyelid and eyeball 
movements and the determination of certain behaviors associated with specific bodily motions. It is 
possible to determine the level of a resting animala ™s awareness from its eyelid and eyeball 
movements. However, there are almost no reports on methods of measuring eyelid and eyeball 
movements in domestic animals. 

Therefore, we developed an eye camera consisting of an ultra-compact CCD camera and infrared 
light-emitting diodes (LEDs). We installed the camera into the eyelid region of a head mask that was 
fitted onto domestic animals for measuring the eyeball and eyelid movements. Simultaneously, we 
developed a telemetry system for tracking the eyelid and eyeball movements. We used this equipment in 
experiments in which we tracked and measured the eyelid and eyeball movements of a calf. In addition, 
the experiment involved a comparison between cerebral cortex brain waves and eyelid movement. It is 
considered that such studies may eventually contribute to the improvement of feeding management in 
taking account of the welfare of the animal. 

I I 
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Abstract 

Basic information on the role of vitamin K in fish was described in relation to dietary intake. Vitamin K 
in the fish tissues was mainly concentrated in the liver and gonads, with a small amount in muscles. 

There was a difference in the concentration of vitamin K between demersal and pelagic fish depending 
on the habitat and between cultured fish and wild fish. The composition and content of vitamin K in the 
gastrointestinal tract which were very similar to those of the food consumed differed in the tissues, 
suggesting that all the vitamin K in food was not transferred to the tissues of fish. There was no clear 
indication that vitamin K deficiency affected the growth rate or mortality in fish, although it was reported 
that vitamin K deficiency caused anemia, prolonged prothrombin time, histopathological changes and 
bone abnormalities. Therefore, more studies are required to determine the role of vitamin K in fish. 

Discipline: Fisheries 

Additional key words: menaquinone, phylloquinone, fish nutrition 
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Introduction 

Vitamin K was first discovered by Dam 3 ) as a substance playing an important role in the synthesis of 
blood-clotting factors. Vitamin K is a group name for a series of related compounds that act as cofactor 
for the microsomal enzyme i 3 -glutamylcarboxylase. This enzyme is involved in the post-translational 
conversion of peptide-bound glutamate residues intoP-carboxy glutamate (Gla), which occurs in a 
number of blood coagulation factors and bone proteins 4 ’ 7 - 27 ). Natural forms of vitamin K include 
phylloquinone (PK) and menaquinone (MK). PK designated as vitamin K, occurs abundantly in plant 
tissues while MK, vitamin K 2 , is mainly produced by bacteria. Furthermore, a variety of diseases due to 
vitamin K deficiency has been reported in mammals. In particular, human infants, a few weeks old, are 
prone to hemorrhage due to vitamin K deficiency. In addition, the attention has since been increasingly 
focused on the importance of vitamin K for normal bone development. However, the role of vitamin K in 
fish has not been well-documented. In the following review, the distribution and absorption of vitamin K 
in relation to the intake of vitamin K in fish will be outlined. 
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Derivatives of vitamin K 

There are several derivatives of vitamin K (Fig. 1) as 
follows: 1) PK called vitamin Kj, is produced by plants; 

2) MK which is synthesized by microorganisms is 
called vitamin K 2 and has long side-chains arranged in 
MK-n series. MK-4 consists of short isoprene units and 
MK-9 is one of the typical long-chain MKs produced by 
bacteria; 3) Synthetic analogues of menadione (MD) 
designated as vitamin K 3 have no side-chains, and are 
utilized for animal and fish commercial diets. 

Water-soluble salt of synthetic menadione, menadione 
sodium bisulfite (MSB) is generally supplemented in the 
commercial fish diets. Parts of PK, MK and MD are 
metabolized to MK-4 in the tissues 13 ). 

Fig.l.Chemical structure of vitamin K 
Vitamin K in fish 

Tissue distribution of vitamin K in fish varies with the 
feed habitat, for example, demersal and pelagic fish 22 ) 
as well as between cultured and wild fish 21 ’ 23 ). 

Food habits differ markedly between pelagic fish and 
demersal fish. Pelagic fish feed on plankton and small 
fish, while demersal fish feed chiefly on benthos. 

Benthos are the organisms which live in the benthic 
zone of the sea. The PK and MK contents in the pelagic 

and demersal fish tissues are illustrated in Fig. 2 22 ). None of the samples showed even a trace of MK-9. 
In mackerel, MK-6 was detected unlike other long-chain MKs. The content of PK was much higher than 
that of MKs, particularly in the liver where the PK content was as high as 3-4 times that in the heart and 
kidney. However, only a trace amount of vitamin K was detected in the ordinary and dark muscle tissues. 
In striking contrast to mackerel, MK-4 appeared to be the major vitamin K in the heart and gonads of 
saury with a very low level of PK. Furthermore, a negligible amount of vitamin K was present in the 
liver. The total vitamin K content was, however, much lower than that in mackerel. 

In the case of marbled sole, significant amounts of long-chain MKs (MK-6 and 7) were detected together 
with MK-4 in the heart and kidney. Furthermore, MK-8 was also found in the kidney. On the other hand, 
in sillago, PK and MK-4 were commonly distributed in various organs, whereas MK-6, 7 and 8 were 
found only in the liver. In both marbled sole and sillago, the PK level was higher than that of saury on 
the whole but very much lower than that of mackerel. 

In an another report, it was stated that the PK contents in the serum, heart, kidney, gonads and liver of 
wild sardine were much higher than those of cultured sardine, especially in the liver 21 ). MK-4 contents in 
cultured sardine were significantly higher than those of wild sardine in the serum, heart, kidney, gonads 
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and liver. 

In the tissues of wild ayu, PK appeared to be the major form of vitamin K, and MKs were present at very 
low levels (Fig. J) 23 ). Long-chain MKs in different forms were present in the liver, but their quantity was 
lower than that of PK. Only MK-6 was detected in tissues other than the liver. On the other hand, in the 
tissues of cultured ayu, the major form of vitamin K was MK-4, while MK-6 was detected only in the 
heart and kidney. Unlike in the wild ayu, no long-chain MKs were observed in the liver. 
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Abstract 

In this manuscript the current status of direct visualization of gene location on chromosomes was 
reviewed by considering 5 aspects as follows: principle of in situ hybridization (ISH) method, historical 
perspective of mapping genes by in situ hybridization, improvement in the sensitivity of fluorescence in 
situ hybridization (FISH), visualization of location of useful genes on chromosomes, and prospects for 
visualization of useful genes. 

Discipline: Experimental apparatus and method/Biotechnology/Plant breeding 

Additional key words: physical mapping, rice, FISH 

1...21): References 


Principle of in situ hybridization (ISH) method 

ISH is a method for the visualization of the location of nucleotide sequences on chromosomes, nuclei, 
and even in the tissues. The principle of the method involves the hybridization of labeled nucleotide 
sequences, or probes, directly to DNAs or RNAs with the complementary sequences in chromosomes, 
nuclei or tissues. The location of the labeled probes hybridized to the complementary DNA sequences in 
chromosomes, for example, is detected by fluorochrome-labeled antibodies that recognize the label of the 
probes under a fluorescence microscope. The ISH in which fluorescence is used to detect probes is 
referred to as "fluorescence in situ hybridization (FISH)". 
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Visual detection of useful genes on rice chromosomes 

Historical perspective of mapping genes by ISH in rice2) 

In 1910, the rice chromosome number was determined to be 2n=24 by Kuwadai4). It took, however, 
more than 80 years until all the rice chromosomes were identified objectively and a rice chromosome 
map was developed by Fukui and Iijima3) using imaging methodsi). The long time interval from the 
determination of the rice chromosome number to the identification of individual chromosomes can be 
ascribed to the fact that rice has the smallest genome size of 430 Mb, thus the smallest chromosome size, 
among those of the main cereals. 

Attempts to visualize specific DNA sequences directly on rice chromosomes have been pursued for years 
without the use of an objective method for identifying rice chromosomes nor a chromosome map at the 
beginning of the 1980s. Fukui et al.6) succeeded in physically locating 18S-5.8S-25S ribosomal RNA 
genes (45S rDNA) loci at the end of a pair of chromosomes with i 25 iodine-labeled ribosomal RNA 
probes. This was the first reproducible result of in situ hybridization (ISH) using repetitive sequences in 
rice (Fig. la). The location of 45S rDNA loci in rice was detected by non-radioactive (biotin-labeled) 
probes by coloration using Japonica rice in 19918) (Fig. lb). FISH was successfully achieved in 1992 for 
the first time and variability in the number of 45S rDNA loci was revealed among the rice speciess) (Fig. 
lc). Multicolor FISH using different fluorescent colors simultaneously for detecting 5S rDNA and 45S 
rDNA was developed in 1994 soon after the successful development of FISH. Presently the multicolor 
FISH is a common method widely utilized to locate different nucleotide sequences simultaneously, such 
as telomere sequences (green fluorescence) and rice A genome specific tandem repeat sequence, TrsA 
(red fluorescence) (Fig. Id)i8). 
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Visual detection of useful genes on rice chromosomes 



a: Detection of ribosomal RNA gene (rDNA) locus with radioactive ribosomal RNA. 
b: Detection of rDNA by a non-RI labeling method, 
c: Detection of rDNA loci in Indica rice by FISH. 

d: Detection of multi-color fluorescence from different probes (telomere, green and TrsA, red) simultaneously. 


All these efforts have enabled the detection of highly repetitive sequences on rice chromosomes 
reproducibly and efficiently. The development of both the chromosome map and the FISH method have 
contributed significantly to the physical mapping of DNA sequences in rice. 
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Improvement in the sensitivity of FISH 

Once reproducible detection of the repetitive sequences on rice chromosomes using the FISH method 
was obtained in the early 1990s, the main objective of FISH was to enhance the detection sensitivity of 
the fluorescent signals. Even though the visual detection of repetitive sequences on rice chromosomes 
had become routine work, detection of a unique sequence was considered to be difficult because of the 
smaller sizes of nucleotide sequences. 

Fig. 2a shows clones differing in sizes, which were used as probes in the FISH experiments to evaluate 
the sensitivity of detection of fluorescent signals on rice chromosomes. In the clones with insert sizes 
ranging from 399 kb to around 1 kb, attempts were made to determine whether their fluorescence could 
be visualized on rice chromosomes after FISH 19 ). The largest clones were those of yeast artificial 
chromosomes (YAC) with 399 and 340 kb of inserted rice genomic DNAs. A bacterial artificial 
chromosome (BAC) with a 180 kb insert, and a cosmid clone with a 35 kb insert were also tested using 
the FISH method. The smallest clones were molecular markers cloned into plasmid vectors with around 1 
kb inserts. 

To visualize these clones, both the experimental procedures and the detection equipment were improved. 
First, the detection sensitivity of faint fluorescent signals from the probe DNAs was enhanced by the 
introduction of a cooled CCD camera. The camera was directly mounted on top of a microscope. Second, 
in the FISH protocol, a longer hybridization period between the labeled probes and chromosomal DNAs 
was used. The longer hybridization period ensured hybridization between the probes and complementary 
DNA in the chromosomes. All the clones from nearly 400 to 1 kb were successfully visualized by the 
improved FISH method. As a result, the detection sensitivity of FISH was enhanced by 400 times 
throughout the experiments 19 ) (Fig. 2b). 


Visualization of location of useful genes on plant chromosomes 

1) Mapping of a resistance gene to gall midge, Gm2 

Fig. 3 shows the results of the improved FISH method using different DNA clones as probes. All the 
clones contained useful genes such as disease-resistance genes. The result of FISH using a YAC clone 
(YAC5212) with a 340 kb rice genomic DNA was presented, because YAC5212 is flanking a gall midge 
0 Orseolia oryzae) resistance gene, Gm2. Gall midge is a major dipteran insect pest of rice in India, 

China, Africa and Southeast Asia and its resistance genes are now being cloned. Fig. 3a shows the YAC 
signals on the pair of rice chromosome 4 21 ). Fluorescent signals are detected in the interstitial region of 
long arms indicating the physical location of Gm2. The position of Gm2 was also confirmed by the FISH 
using 2 RFLP markers genetically linked to Gm2. 

2) Mapping of a resistance gene to leaf blast, Pi-b 

The physical location of the resistance gene to rice leaf blast was then examined. Rice blast caused by 
Pyricularia oryzae (Magnaporthe grisea (Hebert) Barr) is the most important fungal disease of rice. The 
resistance gene, Pi-b was cloned into a BAC clone (BAC123) which has a 180 kb insert of rice genomic 
DNA. Because the location of the genomic DNA on rice chromosomes was unknown, the FISH method 
was employed to physically determine the actual location of the BAC clone or the position of the gene, 
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Pi-b. 

Fig. 3b shows the signals from the BAC clone at the end of the long arm of rice chromosome 2 17 ). 
Haploid rice plant derived by anther culture was used for chromosome preparations. Thus one 
single-tagged chromosome shows clear doublet signals which are essential for the discrimination 
between genuine signals from noises. Thus the chromosomal location of the Pi-b gene was determined at 
2pl.2 according to the rice chromosome map 2 ). 

We further analyzed the BAC signals on the ten chromatids of rice chromosome 2 by the imaging 
method to determine the precise location of the gene on the chromosomes. As a result, the Pi-b gene was 
located at the position of 96.16±0.91 from the end of the short arm when the total chromosome length of 
chromosome 2 was 100.00 17 ). This method was also employed to determine the 5S ribosomal RNA 
genes on rice chromosomes. The 5S rDNA locus was allocated to the position of 39.3 ± 2.6 on 
chromosome 11 (llpl.l) from the end of the short arm 10 ). 

3) Mapping of a resistance gene to bacterial blight, Xa-21 

The smaller rice genomic DNA of 35 kb nucleotide sequences cloned into a cosmid vector, was 
examined. The clone contained a resistance gene, Xa-21 to the rice disease, bacterial leaf blight 
(Xanthomonas oryzae ). Bacterial leaf blight is also a major rice disease widely distributed in Asian 
countries. The same improved FISH method was used to locate Xa-21 on the rice chromosome. In this 
case, since we used the Indica rice variety IR36, a diploid plant material, the signals were observed in a 
pair of rice chromosomes. 

Fig. 3c shows the fluorescent signals from a pair of rice chromosomes. By using the uneven condensation 
pattern, the rice chromosomes were identified as rice chromosome 11 and the doublet signals were 
clearly observed in the interstitial region on the long arm (llql.3) 19 ). 

4) Mapping of the molecular marker, Xpn 247 

Molecular markers are very useful for the construction of linkage maps and more than 2,000 molecular 
markers were developed to construct the rice linkage map 11 ). The size of the molecular markers varies 
and the size of molecular markers, such as RFLP markers is often less than a few kilo basepairs. The 
RFLP markers played an important role in the construction of many linkage maps at the beginning of 
genome mapping. We applied the FISH method to locate a RFLP marker (Xnp 247) with 1.29 kb of rice 
genomic DNA. 

Fig. 3d shows the signal position from the RFLP marker. The doublet signals were clearly detected at the 
end of rice chromosome 4 (4q2.1) 19 ). The results indicate that even a nucleotide sequence with about 1 
kb could be successfully detected by the improved FISH method. It also means that practically all the 
functional genes could be directly detected on the chromosomes by the improved FISH method 17 ). 
Self-incompatibility-related genes of Brassica spp. have already been mapped by using FISH 9 ’ n ). 

The physical mapping of the nucleotide sequences also reveals a discrepancy between the physical length 
of the chromosomes and the genetic distance calculated by the recombination values. Fig. 4 shows 2 
examples of the discrepancy detected in rice 19 ) and barley 4 ). Comparison of the chromosomal location of 
Xa-21 determined by FISH and linkage analyses revealed a remarkable discrepancy between the total 
length in the two maps. The linkage map of chromosome 11 showed a much longer length when the 
chromosome map and the linkage map were aligned by the two landmarks i.e. the centromere and the 
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position of Xa-21 now determined 19 ) (Fig. 4a). As demonstrated in the barley chromosome map that was 
developed by imaging methods 4 ) and linkage map, the length of the satellite part, that is the terminal 
region of the chromosome 6 was markedly over-estimated in the linkage map. The discrepancy was again 
confirmed by a detailed comparison between the chromosome and dense linkage maps in barley 12 ). The 
over-estimation of the terminal length in the linkage map compared to the actual length of barley 
chromosomes determined by FISH and/or imaging methods suggests that recombination occurs 
frequently only in the terminal region of the barley chromosomes. 

Although the discrepancy between the overall length of the chromosome and linkage maps was 
demonstrated in rice chromosome 11 (Fig. 4a), it remains to be determined whether the frequent 
recombination observed only in the terminal chromosomal regions could also occur in rice and other 
plant species as a general tendency. 


Prospects for visualization of useful genes 

Visualization or mapping of useful genes is important in genetic analyses. Since, not all the plants have 
as dense linkage maps as rice 13 ) and it is usually time-consuming and laborious to construct a dense 
linkage map, FISH is a useful and efficient alternative method in many plant species. FISH could be 
applied for the mapping of genes and clones regardless of plant species. 

When molecular markers that sandwich a certain character can be found, the distance between the 
markers could be obtained by using FISH on chromosomes and extended DNA fibers (EDFs) 20 ). 
Moreover, it may be possible to clone the gene by a FISH-oriented method and not by an ordinary 
map-based cloning method. First, FISH using the linked marker(s) could enable to determine the 
chromosomal position of the target gene. Then the laser dissection 7 ) or the ordinary dissection method 
could be applied to collect the chromosomal fragments with the signals. Finally, clones in the 
chromosomal regions could be obtained by the use of degenerated oligo-primer (DOP)-PCR method 
using the dissected chromosomal fragments as the templates. Direct amplification of ribosomal RNA 
genes 16 ) and ±-amylase genes 15 ) by using the laser-dissection method has been successful in some cases. 

In conclusion, the visualization of useful genes is important not only to determine their actual location on 
the chromosomes, but also it may be possible to clone the genes in conjunction with the chromosome 
dissection method even in plants with limited genome information. It is anticipated that the visualization 
method represented by FISH will be more useful when it is combined with new methods to manipulate 
chromosomes and even DNA fibers. 


XU XT 


Htiw: 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/fukui/fukui2.htm (3 of 3) [10/7/2002 9:03:06 PM] 





Fig.2. Various sizes of probe DNAs used in FISH (a) and improvement of the detection sensitivity of 
FISH (b) 
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Fig.3. Visualization of the location of useful genes on rice chromosomes 

a: Gall midge resistance gene on chromosome 4. 
b: Leaf blast resistance gene on chromosome 2. 
c: Bacterial blight resistance gene on chromosome 11. 
d: RFLP marker (Xnp241) on chromosome 4. 
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Fig.4. Discrepancy between the chromosome and genetic maps for rice chromosome 11 (a) and barley 
chromosome 6 (b) 
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Abstract 

Transgenic taro (Colocasia esculenta Schott) plants were obtained by high-velocity particle 
bombardment. The plasmid pREXHGUS, carrying the hygromycin resistance gene, was used as a 
selection marker. Highly regenerative taro callus was obtained from the apical meristem, and maintained 
in liquid culture. The callus was chopped into small fragments with a forceps, then transformed and 
selected on LS medium containing BA, NAA and hygromycin. Since the transformed calli obtained 
showed vigorous growth on LS-BN medium with 20 mg/L hygromycin, this concentration was 
considered to be suitable for the selection of transgenic taro. The transformants were confirmed by 
amplification of the GUS gene, and Southern hybridization. The expression of the foreign gene was 
demonstrated by the GUS activity. 
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Introduction 

Taro originated in India and adjacent areas of Southeast Asia, and is now widely cultivated in Asia and 
Oceanial8). In some Oceanian countries, this crop is one of the main sources of starchy food. Since taro 
propagates mainly with tubers, the occurrence of virus diseases is one of the main problems affecting its 
cultivation, along with taro leaf blight in tropical countries 12). Once a clone is infected with virus, its 
productivity may be reduced. It is difficult to remove the virus under natural conditions of cultivation. 
Although shoot tip culture in vitro has been used to remove virus particles, the problem of reinfection 
with virus still remains. Recent biotechnological research has revealed that transformation with the coat 
protein gene or some other viral genes, confers resistance to virus diseasesl,4). The objective of the 
present study was to breed a virus-resistant cultivar of taro. Since taro is a monocotyledon, 
Agrobacterium- mediated transformation is considered to be difficult. Although protoplast culture of taro 
has been reported 13), this technique is very laborious and it is difficult to obtain regenerated plants, in 
addition somaclonal variation may occur more frequently. Therefore, protoplast culture is not suitable for 
direct transformation of taro, and instead particle bombardment is most appropriate for the 
transformation of taro. Few studies on the transformation of taro have been carried out. Here we report 
the transformation of taro using a particle bombardment system. 
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Materials and methods 

1) Plant material 

A triploid cultivar of taro ( Colocasia esculenta Schott), 'Eguimo', was used in the present study. Eguimo 
is one of the major cultivars used in Japan, and callus induction and shoot regeneration of this cultivar 
have been developed 6 ). 

2) Plasmid 

A plasmid, pREXHGUS, was constmcted based on the pUC18 plasmid (Fig. 1). A selection marker, the 
hygromycin phosphotransferase (hpt) gene, was driven by a 35S promoter harboring one copy of the 
enhancer, and a beta-glucuronidase (GUS) gene containing the phaseolin intron 1 gene was driven by the 
35S promoter containing 7 copies of the cauliflower mosaic virus (CaMV) 35S enhancer region 11 ). 

3) Induction and maintenance of callus 

Linsmaier and Skoog 9 ) medium (LS medium) supplemented with 2 mg/L benzyladenine, 1 mg/L 
naphthaleneacetic acid and 3% sucrose was used as a basic medium (LS-BN medium). The shoot tips 
(0.5 to 1 mm) were removed from surface-sterile tubers and planted on LS-BN medium solidified with 
2% gellan gum, then cultured at 25°C (16 h photoperiod, 36 'Am 2 sec -1 ) to induce callus. The induced 
calli were maintained on the solidified medium by subculturing every 2 or 3 weeks. As a target for 
particle bombardment, the calli were chopped into small pieces (2 to 3 mm in diameter) with a forceps, 
and cultured in liquid LS-BN medium with rotary shaking at 100 rpm at 25°C. These calli were 
maintained by weekly chopping and subculture. 

4) Particle bombardment 

The calli (ca. 2.0 g) were placed on a sterile filter paper (70 mm in diameter). Then, the filter paper was 
placed on a 9 cm petri dish filled with solid LS-BN medium and cultured at 25°C for 2~24 h. 

Biolistic PDS-1000/He (Bio-Rad) was used. Before the bombardment, the pressure in the chamber was 
reduced to 660 mm Hg. Gold (1.6 mm in diameter) or tungsten (1.1 x Am in diameter) particles were 
coated onto the plasmids as previously described 7 ), then delivered from a distance of 9 cm to the taro 
calli on a filter paper at a pressure of 1,100 psi. 

A total of 96 runs were conducted. 

5) Optimization of culture duration and hygromycin concentration 

The calli were bombarded at 0, 4, 6 and 8 days after chopping. The bombardment procedure was the 
same as that described above. After 48 h of bombardment, GUS activity was examined as described by 
Kosugi et al. 8 ) by counting the number of blue spots. This experiment was repeated twice. The data 
points were subjected to logarithmic transformation, then analyzed statistically. 

For optimization of the hygromycin concentration, the calli (120 to 195) were placed on hormone-free 
LS medium and LS-BN medium containing 0, 5, 10, 20 and 40 mg/L hygromycin. After 40 days of 
culture, callus survival was examined. Then, surviving calli were subcultured onto the same medium 
containing 10 mg/L hygromycin, and after 40 days of culture the number of surviving calli were counted. 

6) Maintenance and selection of transformants 

After the bombardment, the calli were cultured for 2 days on the same filter paper at 25°C. The treated 
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calli were then transferred to liquid LS-BN medium supplemented with 20 mg/L hygromycin (Hyg), then 
cultured for 5 days with rotary shaking at 100 rpm. After 5 days of shaking culture, the calli were 
transferred to solid LS-BN medium with 20 mg/L hygromycin, then cultured at 25°C under a 16-d 
photoperiod. Resulting green calli were transplanted onto solid LS-BN medium with 10 mg/L 
hygromycin for 30 days, then on hormone-free LS medium supplemented with 5,10 and 20 mg/L 
hygromycin for induction of plantlets. 

The flow chart of taro transformation is shown in Fig. 2. Selected transformed plantlets and 
non-transformed control plants were used for GUS analysis. 

7) PCR and Southern blot analysis 

For PCR amplification, DNA was isolated from fresh leaf tissue according to the method of Liu et al. 10 ). 
The presence of the transferred gene was assayed by PCR using oligonucleotides specific for the GUS 
genes. The upstream and downstream primers employed were (5'-ATGTTACGTCCTGTAGAAAC-3') 
and (5-GTCCAGTTGCAACCACCTGT-3'), respectively. For Southern blot analysis, genomic DNA 
was isolated from fresh leaf tissue as previously described 14 ), digested with BamHl, EcoRl, HindlH, and 
Pstl, respectively, then blotted onto a nylon membrane. Plasmid DNA was labeled with digoxygenin 
using a DIG-DNA labeling kit (Boehringer Mannheim) then used as a probe. Hybridization and detection 
were performed according to the manufacturer’s protocol. 
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Fig. 1. Diagrammatic representation of the transformation plasmid pREXHGUS 
A modified 35S promoter and an intron (intron 1 of the phaseolin gene) 
synergistically activate the gene expression. 
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Chop callus into small fragments 

1 

Bombardment 

1 

Culture on solid LS-BN medium without antibiotics for 2 days 

1 

Transplant to liquid LS-BN medium with 20 mg/L hyg, then culture for 5 days 

1 

Transplant to solid LS-BN medium with 20 mg/L hyg, culture further for 30 to 60 days 

1 

Select pale yellow to green calli 

Transplant them to solid hormone-free LS-BN medium with 5, 10, 20 mg/L hyg, then 
culture for 30 days 

i 

Regenerated transformants 

Fig. 2. Flow chart of taro transformstion 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/fukino/f2.htm [10/7/2002 9:03:19 PM] 




Results 

Results 

1. Effect of culture duration after callus chopping 

Since taro calli grow as a mass, they need to be chopped into small pieces for efficient delivery of the particles. The effect of the culture duration after callus 
chopping was examined (Table 1). Bombardment just after chopping resulted in rather poor transient expression of the GUS gene. However, the expression 
ability recovered almost fully after 4 days of culture (Fig. 3a). Therefore, calli after 4~8 days of culture were used subsequently. 
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Fig.3. Transient expression of GUS gene, and selection of transformants 

a. Staining of calli for GUS activity 48 h after bombardment. 

b. Calli after 40 days of bombardment. 

c. Plant regeneration on LS-BN medium containing hygromycin. 

d. Plant growth on LS-BN medium with 20 mg/L hygromycin. l:untransformed, 2:trasformed. 

e. Expression of GUS gene in regenerated plant. l:untransformed, 2:transformed. 


2) Effect of antibiotic concentration on callus growth 

Effects of various concentrations of hygromycin in LS medium on callus growth were examined (Table 2). The growth of untransformed callus was 
effectively suppressed by 20 mg/L hygromycin. After 40 days, surviving calli on the media containing 5 or 10 mg/L hygromycin were further cultured on a 
new medium containing 10 mg/L hygromycin, for an additional 40 days. None of the calli survived. 

3) Callus growth after bombardment 

Most of the calli on the solid LS-BN medium with 20 mg/L hygromycin turned dark brown 30 to 60 days after bombardment, then died. However, a small 
number of yellowish to greenish calli were observed among the dark brown calli (Fig. 3b). These calli were transplanted onto hormone-free LS medium 
with 10 mg/L hygromycin to induce plantlets (Fig. 3c). Antibiotic resistance of the regenerated plants was examined on LS medium supplemented with 5, 
10 and 20 mg/L hygromycin. Some plants did not grow, or wilted, on the medium containing 10 mg/L hygromycin (Fig. 3d). Others showed normal and 
rapid growth on the same medium. Two of these plants were propagated vegetatively. 

4) GUS and DNA analysis 

The plantlets were stained with X-gluc solution, and the young leaves and tracheal tissue of roots showed a blue color (Fig. 3e). The genomic DNA was 
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Results 

extracted from the plants showing normal growth on the medium containing hygromycin. The presence of the introduced gene was examined by PCR. A 
650-bp band was observed in these plants after gel electrophoresis. A band of the same size was also observed when the original pREXHGUS plasmid was 
used as a template (Fig. 4). The presence of the foreign gene was further examined by Southern blot analysis. The DNA was digested with restriction 
enzymes, separated by gel electrophoresis, then blotted onto a nylon membrane, probed with the digoxygenin-labeled pREXHGUS. The hygromycin- 
resistant plants showed positive signals while the non-transformed controls did not show any bands (Fig. 5). 
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Table 1. Effect of additional culture after chopping the callus 


Culture duration 
after chopping (days) 


Number of blue spots 
per dish a ) 

0 


2.3(2.3) 

4 


5.3(0.9) 

6 


4.4(0.2) 

8 


5.1(0.0) 


a): Mean value of 2 replications. 
(): SD. 
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Table 2 


Table 2. Effect of antibiotic concentration on the growth of untransformed taro callus 


Plant hormone 

Concentration 
of hygromycin(mg/L) 

Surviving calli 
(%)“) 

Surviving calli after 
subculture (%) b ) 

Present 

0 

100 



5 

26.7 

0 


10 

19.5 

0 


20 

2.5 



40 

0 


Absent 

0 

100 



5 

12.8 

0 


10 

3.6 

0 


20 

0 



40 

0 



A total of 120 to 195 calli were used for each experiment. 

a) :Callus survival was examined after 40 days of culture. 

b) :Surviving calli were subcultured onto LS-BN medium with 10 mg/L hygromycin. 
After an additional 40 days, the numbers of surviving calli were counted. 
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Fig.4. Amplification of the introduced gene by PCR 

Tl: transformed plant 1. T2: transformed plant 2. 

C: untransformed plant. G: plasmid pREXHGUS. 
M: molecular marker (»HindIII). 
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T: transformed plant, C: untransformed plant, 
B: BamHl, E: EcoRI, P:Esd. 
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Discussion 

1) Regeneration system for taro 

The system used in the present study was originally developed by Karube et al. 6 ) using a triploid cultivar, 
Eguimo. The calli of Eguimo showed a very high regeneration ability in this system. Moreover, the calli 
were easily maintained on solid or liquid LS-BN medium. They readily differentiated plantlets on the 
hormone-free medium, and were considered to be a suitable target for transformation. A similar 
regeneration system can be established in other triploid cultivars. However, taro shows a wide range of 
genetic diversity 5 ’ 17 ), and cultivars are classified into 2 varieties: var. antiquorum and var. esculenta. 
Cultivars grown in tropical areas are diploid and classified into var. esculenta 18 ). Using a cultivar from 
the Solomon Islands, a regeneration system for taro has also been reported 15 ’ 16 ’ 21 ’ 22 ). Although a detailed 
description of the cultivar was not given, cultivars from the Solomon Islands should be diploid and 
classified into var. esculenta 3 ). With minor modifications, the transformation system described here is 
considered to be suitable for other cultivars including diploid ones. To maintain a fine suspension of 
callus, the callus should be chopped when subcultured. However, the results of bombardment just after 
chopping were not satisfactory, and therefore the calli may have been under some stress, inducing a low 
transformation competence. 

2) Selection of taro transformants 

Choice of a selection marker gene and the concentration of selective agents are key factors for successful 
transformation. Kanamycin is widely used for the transformation of various plant species. However, 
Wilmink and Dons 20 ) have reported that hygromycin is more suitable for the selection of monocot 
transformants. In wheat, rice and barley, hygromycin is commonly used as a selection marker for 
transformants. Moreover, in our preliminary experiment, taro calli survived on a medium containing up 
to 200 mg/L kanamycin (data not shown). Therefore, in the present study, we tried to select taro 
transformants using hygromycin. This antibiotic induced a clear suppression of callus growth at a 
concentration of 20 mg/L (Table 2). Therefore, selection of transformed calli with 20 mg/L hygromycin 
is considered to be optimal. 

Some of the untransformed calli survived during 40 days of culture, but finally died when transplanted 
onto new medium containing 10 mg/L hygromycin. To obtain transformants rapidly, regeneration 
medium containing 10 mg/L hygromycin was used. Since some of the untransformed plants may 
possibly survive under these conditions, regenerated taro plants showing rapid growth and budding from 
the base on medium containing 10 mg/L hygromycin should be selected as transformants. 

Efficiency of transformation is still rather low: a total of 2 independent transformants were obtained from 
96 runs. Each run involved one petri dish containing 2.0 g of calli. The number of blue spots also varied 
considerably in each experiment, and this may have been due to the physiological status of the calli used. 
More detailed studies are required to obtain more efficient and stable conditions for transformation. 

3) Breeding of disease-resistant taro cultivars 

Since taro is widely cultivated in Asia and Oceania, the present study has shown that this technique is 
applicable to the breeding of taro. The occurrence of virus diseases is one of the main problems for taro 
growers. For example, dasheen mosaic virus and cucumber mosaic virus have been detected in taro 
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Discussion 


cultivated in Japan 12 ’ 19 ). Both viruses have been well studied at the molecular biological level. 
Transformation of these viruses with coat protein (CP) genes may enable to confer virus resistance to 
taro. Another possibility is to breed taro varieties resistant to leaf blight, which is caused by a fungus, 
Phytophthora colocasiae, and is a serious problem in tropical areas 12 ’ 18 ). Transformation with chitinase 
genes has been reported to produce plants resistant to fungal diseases 2 ). This technique may be useful for 
breeding disease- resistant taro varieties. 


XU XT 


hum: 
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Abstract 

Recent advances in research on the life history, natural enemies, sex attractant, and practical control of 
the citrus leafminer (CLM) in Japan are described. Adult CLM overwinters within canopies of the citrus 
trees in the warmer districts of the citrus belt where the overwintering females begin to oviposit in 
mid-March. The moth passes 9 to 10 and 5 generations per year in the southwestern and northeastern 
parts of the citrus belt, respectively. Developmental zero and effective heat units for development from 
egg to adult emergence are 12.1°C and 206 degreedays, respectively. Eighty per cent or more larvae were 
killed by parasitoids and u nk nown factors before pupation during the summer-autumn seasons. Dominant 
parasitoids are Sympiesis striatipes in mainland-Japan and Cirrospilus ingenuus and Citrostichus 
phyllocnistoides in the Southwestern Islands. Biological control of CLM by native parasitoids is not 
sufficiently effective in Japan because Ageniaspis citricola, a most effective biological control agent in 
tropical Asia, has not been detected in Japan. A sex attractant, (Z,Z)-7,ll-hexadecadienal showed a high 
activity for male moths in Japan, but was ineffective for those in foreign countries. The sex attractant 
appeared to be useful for the forecasting of seasonal occurrence, and control measures by using this 
substance should be initiated. Insecticides are commonly used for the control of CLM on young trees. 
Nicotine sulfate, IGRs, imidacloplid, alanycarb and pyrethroids are sprayed 4 to 5 times at 5- to 10-day 
intervals during the flush developing period. Recently, CLM has become resistant to pyrethroids in some 
districts of Kyushu. To avoid the spread of insecticide resistance of CLM, an attempt was made to use 
the effective parasitoid, A. citricola, through introduction from Taiwan and Thailand to Japan. 

Discipline: Insect pest 

Additional key words: parasitoid, sex attractant 
1..25) References 
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Introduction 

The citrus leafminer, Phyllocnistis citrella Stainton (CLM), is a serious pest in nurseries and on 
top-grafting trees of citrus, and also on citrus growing in plastic greenhouses in Japan. 

CLM originated in tropical Asia from Afghanistan to China, and was introduced to Japan in the 1600s 6 ). 
CLM had been spreading slowly over adjacent areas, and became known also in the temperate zone of 
Asia, Australia, Pacific Islands, South Africa (miss-identification?) and eastern part of Africa by the 
beginning of the 1980s. Then its distribution spread rapidly: it was confirmed in southern Florida in late 
May of 1993 6 ’ 7 ), in Florida, most of the Caribbean region, the southern part of the USA 2 ’ 8 ) and the 
northern part of South America by September in 1994, and lastly in Uruguay in January, 1997. It also 
first occurred simultaneously on the Mediterranean coast of Europe 11 ), in the Middle East 19 ), North 
Africa 11 ) and Reunion Island 13 ) in 1993 to 1995. 

This paper describes recent contributions to studies on CLM biology and current status of control of 
CLM in Japan. 


Outline of citriculture in Japan 

The citrus cultivation belt of Japan stretches along the southwestern coast of Honshu, Shikoku and 
Kyushu, extending from 35° to 31°N (Fig. 1). It belongs to an area with relatively cool winter 
temperatures among the citrus cultivation zones of the world. Mean air temperature in a year and in 
January ranges from 14 to 17°C and 4 to 7°C, respectively, and the daily minimum air temperature 
sometimes falls below 0°C in mid-winter. Small-scale citrus orchards are also dispersed about all over 
the Southwestern Islands. 

Among the citrus cultivars planted in Japan, about 65% consist of Satsuma mandarin, followed by Iyo 
(10%), Natsudaidai (5%) and Hassaku (4%). 

About 77% of the citrus orchards are located on slopes with an inclination above 5° for the following 
reasons: plains are used for rice paddy fields, citrus trees on plains are often damaged owing to freezing 
night temperatures in winter, and high quality fruits are obtained usually from sloping orchards with 
good drainage. 

The citrus trees have generally 3 flush seasons; the spring flush from early April to early May, the 
summer flush from June to August and the autumn flush from early to late September. Because of the 
low winter temperature, there are no young leaves during more than 5 months from October to early 
March. The spring shoots are very important as fruit-bearing branches of the next year, while the summer 
and autumn shoots are less important or often useless in mature trees. Therefore, the optimum method of 
tree management is to suppress the growth of the new shoots from summer to autumn; or, secondarily, to 
cut off the new shoots emerging during these seasons. 

On the other hand, in young or top-grafting trees, the summer shoots are necessary to build up the tree 
shape. In addition, in plastic greenhouses, the summer shoots are also useful as fruit- bearing twigs of the 
next year. The summer and autumn shoots must be healthy for cultivation, and not damaged by pests 
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such as CLM. 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/ujiye/ujiye.htm (3 of 3) [10/7/2002 9:03:32 PM] 



References 

References 

1) Ando, T. et al. (1985): (7Z,llZ)-7,ll-hexadecadienal: sex attractant of the citrus leafminer moth, 
Phyllocnistis citrella Stainton (Lepidoptera, Phyllocnistidae). Agric. Biol. Chem., 49, 3633-3635. 

2) French, J. V. & Legspi, J. C. (1996): Citrus leafminer in Texas; population dynamics, damage and 
control. In Managing the citrus leafminer, Proc. Int. Conf. Orlando/Florida, 80. 

3) Gyoutoku, Y. (1995): The important insect pests of the mid and late season maturing citrus varieties. 
Plant Prot., 49, 67-69 [In Japanese]. 

4) Gyoutoku, Y. et al. (1996): The resistance of the citrus leafminer, Phyllocnistis citrella Stainton, to 
insecticides and laboratory bioassay method. Jpn. J. Appl. Entmol. Zool., 40, 238-241 [In Japanese with 
English summary]. 

5) Hamamura, T. (1980): Studies on the overwintering of the citrus leaf miner, Phyllocnistis citrella 
Stainton (Lepidoptera: Lyonetiidae) in Hiroshima. Bull. Fruit Tree Res. Stn., E3, 99-122 [In Japanese 
with English summary]. 

6) Heppner, J. B. (1993): Citrus leafminer, Phyllocnistis citrella in Florida (Lepidoptera: Gracillariidae; 
Phyllocnistinae). Trop. Lepid., 4, 49-64. 

7) Hoy, M. A. and Nguyen, R. (1994): Classical biological control of the citrus leafminer: a progress 
report in Florida. Citrus Ind., 75 (6), 61-62. 

8) Johnson, S. J., Vaugh, A. and Bougeois, W. J. (1996): Rearing and release methods for Ageniaspis 
citricola for a classical biological program of the citrus leafminer in Louisiana. In Managing the citrus 
leafminer, Proc. Int. Conf. Orlando/Florida, 63. 

9) Kawamura, M. (1976): Studies on the life cycle of the citrus leaf miner, Phyllocnistis citrella Stainton, 
and its seasonal prevalence of eggs and pupae. Bull. Kochi Inst. Agric. Forest Sci., 8, 11-20 [In Japanese] 

10) Kurisaki, M. (1920): On the life history of the citrus leafminer, Phyllocnistis saligna Zell, and the 
relation between the miner and citrus canker, Pseudomonas citri Hasse. Insect World, 24 ,39-44 [In 
Japanese]. 

11) Malausa, J. C., Quilici, S. & Brun, P. (1996): Status and first studies on the citrus leafminer in 
France; Azur Coast, Corsica and Reunion Island. In Managing the citrus leafminer, Proc. Int. Conf. 
Orlando/Florida, 88. 

12) Ohkubo, N. (1993): Occurrence and control of Pyrethroid-resistant citrus leafminer, Phyllocnistis 
citrella Stainton in Nagasaki Prefecture. Proc. Assoc. Plant Prot. Kyushu, 39, 131-133 [In Japanese with 
English summary]. 

13) Quilici, S. et al. (1995): Un nouveau ravageur des agrumes a la Reunion, la mineuse Phyllocnistis 
citrella. Phytoma-La Defense des Vegetaux, 474, 37-40. 

14) Ujiye, T. (1988): The number of larval instars, their generalized terms and some problems on habits 
of the citrus leaf miner. Plant Prot., 42, 564-566 [In Japanese]. 

15) Ujiye, T. (1990): Studies on the utilization of a sex attractant of the citrus leafminer moth, 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/ujiye/ref.htm (1 of 2) [10/7/2002 9:03:34 PM] 



References 

Phyllocnistis citrella Stainton (Lepidoptera: Phyllocnistidae). 1. Analysis of seasonal population trends 
and some behavioral characteristics of the male moths by use of synthetic sex attractant traps in the field. 
Bull. Fruit Tree Res. Stn., 18, 19-46 [In Japanese with English summary]. 

16) Ujiye, T. & Adachi, I. (1995): Parasitoids of the citrus leafminer, Phyllocnistis citrella Stainton 
Lepidoptera: Phyllocnistidae) in Japan and Taiwan. Bull. Fruit Tree Res. Stn., 27,79-102 [In Japanese 
with English summary]. 

17) Ujiye, T., Kamijo, K. & Morakote, R. (1996): Species composition of parasitoid and parasitism of 
the citrus leafminer (CLM), Phyllocnistis citrella Stainton (Lepidoptera, Gracillariidae) in central and 
northern Thailand, with key of parasitoids of CLM collected from Japan, Taiwan and Thailand. Bull. 
Fruit Tree Res. Stn., 29, 79-106 [In Japanese with English summary]. 

18) Ujiye, T. & Morakote, R. (1992): Parasitoid of the citrus leafminer, Phyllocnistis citrella Stainton 
(Lepidoptera: Phyllocnistidae) in Thailand. Jpn. J. Appl. Entomol. Zool., 36, 253-255 [In Japanese with 
English Summary]. 

19) Uygun, N. et al. (1996): Status of the citrus leafminer in Turkey. In Managing the citrus leafminer, 
Proc. Int. Conf. Orlando/Florida, 101. 

20) Yamamoto, E. (1967): On the overwintering of the citrus leafminer. Kyusyu Agric. Res., 29, 122-123 
[In Japanese]. 

21) Yamamoto, E. (1968): Studies on the biology and control of the citrus leaf miner, Phyllocnistis 
citrella Stainton. 1. On the biology. Proc. Assoc. Plant Prot. Kyusyu, 14, 7-50 [In Japanese]. 

22) Yamamoto, E. (1969): Studies on the biology and control of the citrus leaf miner, Phyllocnistis 
citrella Stainton. 2. On the biology (2). Proc. Assoc. Plant Prot. Kyusyu, 5, 158-160 [In Japanese] 

23) Yamamoto, E. (1971): Studies on the biology and control of the citrus leaf miner, Phyllocnistis 
citrella Stainton. 3. On the development. Proc. Assoc. Plant Prot. Kyusyu, 17, 64-65 [In Japanese]. 

24) Yamamoto, E. (1979): Studies on the biology and control of the citrus leaf miner, Phyllocnistis 
citrella Stainton. 7. Effectiveness of several insecticides. Proc. Assoc. Plant Prot. Kyusyu, 25, 141-143 
[In Japanese]. 

25) Yoshida, M. & Takei, Y. (1964). Seasonal history and bionomics on the citrus leaf miner, 
Phyllocnistis citrella Stainton at Shizuoka district. Bull. Fac. Agric. Shizuoka Univ., 14, 167-175 [In 
Japanese with English summary]. 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/ujiye/ref.htm (2 of 2) [10/7/2002 9:03:34 PM] 



Nagasaki 




/ 

Fukuoka -.s', 30 


a Kagoshima 
| n 


i: 



m 


Nagasaki--^; 
Kagoshima 



JPMAMj J ASOND 


Ehime 
SHIKOKU 
Miyazaki 

80 - 
•*’ KYUSHU 


Shizuoka 
Wakayama 
HONSHU 


_ 124 ^ 

The border cp* 


- <7- 

128 » t-a 


Matsuyama: Ehime Shizuoka 

l&st: WJtc 400 ^ 




J f M AM J J ASOND JFMAMJJ ASOND 

Fig.l. The citrus belt in Japan 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/ujiye/f1.htm [10/7/2002 9:03:37 PM] 






































Life history of CLM 

Life history of CLM 

Yamamoto 20 ’ 21 ) first observed that the adult of CLM overwintered within canopies of citrus trees in Miyazaki Prefecture in the southern part of 
Kyushu. Thereafter, overwintering adults were observed in several warmer districts of the citrus belt such as Kagoshima, Nagasaki (Kyushu), 
Kochi (Shikoku) and Wakayama (Honshu), though their presence has not been confirmed in some orchards located in rather cool districts of the 
belt. For example, based on observations made in 1992-1995 in Shimizu (Shizuoka Prefecture: near the northeastern end of the belt), mines 
formed by the lst-generation larvae were found in 1992, 1994 and 1995, but not in 1993. These results suggest that the density of the 1st 
generation varies among years and that CLM probably does not always overwinter every year in Shimizu. 

Key factors for the fluctuations in the density of overwintering CLM adults have not been clarified, but it is assumed that the population density 
before winter and temperatures during winter are important. A small amount of flushes and/or too early flushing in autumn tend to reduce the 
number of overwintering adults. Low temperatures during winter also appear to be harmful to CLM. Winter diapause of CLM has not been 
confirmed. Because the ovaries of female moths emerging in autumn are absorbed while exposed to low temperatures before winter 5 ), CLM 
females seem to be in diapause. On the contrary, because male moths are sexually active during winter as described later, CLM males do not 
appear to have a winter diapause. 

Most adults emerging in autumn seem to die during the winter, because their density in spring is very low even in the warmer districts of 
southern Kyushu where the moths constantly overwinter every year. In rather cool regions such as Fukuoka and Ehime, adults of CLM often 
occur from June corresponding to the 2nd-generation flight season in the overwintering districts. It is suggested that short distance migration or 
movement of adult moths occurs from the overwintering sites to northern and non-overwintering parts of the belt during the 1st flight season 
every year. It was confirmed that the overwintering female moths started to oviposit from mid-March on the sprouts of cultivars with early 
germination such as oranges 21 ) and Ponkan. 

Based on observations using traps baited with sex attractant in Kuchinotsu (Nagasaki Prefecture), the emergence of the 1st generation seemed to 
start from early to mid-May 15 ). Developmental zero and effective heat units for the development of CLM were estimated at 12.1°C and 238 
degree-days respectively, by Yamamoto 23 ). However, the latter value was rectified to 206 degree-days by Ujiye 15 ) based on the results of further 
tests. Using these values, CLM was estimated to have 7 to 8 complete generations per year in Kuchinotsu 15 ). It was also estimated based on field 
population trends that CLM passed 9 to 10 generations per year in Miyazaki 21 ), 7 to 8 in Kochi 9 ) and 7 in Wakayama 10 ). In these districts, the 
presence of overwintering adults of CLM was confirmed. On the other hand, Yoshida and Takei 25 ) observed 5 generations in Shizuoka, where 
the winter conditions are sometimes too severe for adults to overwinter as mentioned above. 

Sex ratio of CLM was about 1:1. A female moth mated on the early morning of the day after emergence 22 ), and laid 55 to 133 eggs during her 
life span 21 ). 

Eggs of CLM are laid singly on both the upper and lower surfaces of a citrus leaf, sometimes also on green shoots and seldom on young fruits. 
Oviposition occurs on leaves more than 5 mm in length. Eggs are seldom laid on hardened leaves; if eggs were deposited on such leaves, 
hatching larvae would die without mining within the leaves . 

The larvae have 4 instars; the 1st to the 3rd instar larvae are sap-feeders, and the 4th is a spinning larva which can not feed on the leaf epidermis 
due to the degeneration of the mouth parts. The sap-feeder makes a serpentine mine in which it feeds within the epidermis leaving only the 
cuticular layer. It finally reaches the leaf margin where it molts to a spinning larva after enlarging the terminal part of the mine (Figs. 2, 3). The 
spinning larva makes a pupal cell by bending the leaf edge and pupates inside 14 ). 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/ujiye/ujiye2.htm (1 of 2) [10/7/2002 9:03:40 PM] 



Life history of CLM 


Fig.3. Infestation of summer flushes of Satsuma mandarin tree with the citrus 
leafminer 
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Natural enemies 

As shown in Table 1, 24 species of parasitoids emerged from the mines of CLM collected from about 50 
locations all over Japan 17 ). Among them, Sympiesis striatipes and Quadrastichus sp. were the dominant 
species in many citrus orchards. Cirrospilus phyllocnistis, Chrysocharis pentheus and Zaommomentedon 
brevipetiolatus were also major parasitoids in some orchards of the mainland. Citrostichus 
phyllocnistoides and Cirrospilus ingenuus were the dominant or major species in the Southwestern 
Islands in the subtropical region. During the larval stages of the summer generations, 80% or more 
miners were killed by parasitoids and u nk nown factors. Most of the parasitoids attacked mainly the late 
3rd to the 4th instar larvae when the host mines were fully developed with a certain amount of injury 16 ). 
Heavily infested leaves curl and fall off the tree. Citrus canker, Xanthomonas campestris pv. citri (Hasse) 
Dye, can easily invade from the cuticle-removed mine traces to internal tissues of the leaf. For these 
reasons, in spite of the high parasitism rates, biological control of CLM by the native parasitoid complex 
seems to be difficult in Japan. 

In Taiwan and Thailand, the polyembryonic encyrtid, Ageniaspis citricola was recognized as the most 
effective biological control agent of CLM 17 ’ 18 ). Because A. citricola does not occur in Japan, attempts 
were made to introduce it from Thailand and Taiwan in the summer of 1995. Although the attempt failed 
because of the death of the wasps during transport, further efforts should be made in future. 

Although larvae and pupae were found to be killed by unknown predators, the predator species and their 
effects have not been identified. 


Sex attractant 

Ando et al. 1 ) confirmed that (Z,Z)-7,ll-hexadecadienal strongly attracted male CLM moths in the field. 
In a trap baited with a rubber septum containing 1 mg of the substance, the number of male moths caught 
per day was 30 to 90 times higher than that in a trap with a virgin female, and this level of attracting 
ability was maintained for more than 2 months. Male moths were caught not only in the traps placed in 
the citrus orchard, but also in those placed in a wood located at a distance of 200 m or more from the 
nearest citrus groves 15 ). Males were attracted to the sex attractant mainly from May to November, and a 
small number of males were also caught on warm and windless days even in the winter season. Based on 
these results, it was comfirmed that the sex attractant was useful for forecasting the CLM seasonal 
occurrence. 

The attracting ability of the substance to male moths was evaluated throughout Japan and in some areas 
in foreign countries in which CLM occurred. The male moths were caught in traps placed in the 
citrus-growing regions from Shizuoka to Ishigaki Island in Japan. A small number of CLM moths were 
also caught in traps set in Nepal. However, in other countries such as Thailand, Taiwan, Turkey, China, 
Egypt, Spain, Reunion Island and Uruguay, males were not attracted by this substance. 
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Control 

As stated above, since the spring population density of CLM is very low, it is not necessary to control 
CLM before late June in most parts of the citrus belt in Japan. 

On the other hand, it is so important to protect the new shoots of the young or top-grafting citrus trees 
from the infestation of the CLM summer generations, that insecticides such as nicotine sulfate, IGRs, 
imidacloplid, alanycarb and pyrethroids need to be sprayed. These were applied 4 to 6 times at several 
day intervals from the beginning of germination to the end of shoot growth. As a rule, nicotine sulfate, 
IGRs such as diflubenzuron and tiflubenzuron, and pyrethroids and imidacloplid are sprayed at intervals 
of 5 days, 7 days, 7 to 10 days, respectively, in Japan. 

Susceptibility of CLM to many pyrethroids has decreased recently in the western part of Kyushu 3 ’ 4 ’ 12 ) 
and populations resistant to pyrethroids are expanding gradually to the east, so that this group of 
insecticides is becoming ineffective in these areas. To control CLM, organo-phosphorous insecticides 
such as penthoate, phosmet, and isoxathion had been used until about 20 years ago, but they also can not 
be used presently because of resistance 24 ). Petroleum oils are commonly sprayed in summer to control 
CLM in Australia, Israel, etc., but oil sprays after late July should be avoided owing to the decrease of 
the Brix content of fruits in Japan. 

In general, special insecticide sprays for CLM are not applied on the mature Satsuma mandarin trees. 
However, some insecticides are customarily applied to control other main pests such as yellow tea thrips 
C Sciltothrips dorsalis ), white-spotted longicom beetle (. Anoplophora malasiaca ), and arrowhead scale 
(Unaspis yanonensis) in the citrus orchards. Although these insecticides seemed to influence the 
incidence of mortality of CLM, under these conditions, about 100% of new leaves are likely to be 
heavily infested with CLM during the summer to autumn seasons every year. In order to suppress the 
population density of CLM, it is recommended to cut off all of the infested shoots as a cultural control 
method for CLM. 


Conclusion (some problems for the future) 

For nurseries, top-grafting trees, trees planted in plastic greenhouses, and susceptible cultivars to citrus 
canker, many insecticides are applied to control CLM at short-term intervals during the seasons of shoot 
development in Japan. These continuous sprays of insecticides can not only induce CLM resistance to 
insecticides but also eliminate natural enemies of many citrus pests from citrus orchards. An additional 
problem is the increased cost of operating pesticide sprays. Consequently, attempts should be made to 
use only natural enemies and sex attractants for the control of CLM in Japanese citrus orchards. 

Natural enemies: As stated above, the native natural enemies were not sufficiently effective as 
biological control agents for CLM in Japan. An encyrtid parasitoid, Ageniaspis citricola appeared to be 
the most effective parasitoid for the natural control of CLM in Thailand and Taiwan. The wasp which has 
been recently introduced from these countries to Australia, United States and Israel, established 
successfully and was able to reduce the CLM population markedly under the new circumstances. An 
attempt to introduce A. citricola from Thailand and Taiwan to Japan was made in the summer of 1995, 
resulting in failure because of the death of the wasps during transport. Additional efforts should be made 
to introduce A. citricola from tropical Asia or secondarily colonized areas such as Florida and Australia 
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Natural enemies 


to Japan. Though it remains to be determined whether A. citricola is able to overwinter under the long, 
cold Japanese winter conditions, attempts should at least be made to introduce the encyrtid from Taiwan 
to Ishigaki Island which is located of the same latitude as the northern part of Taiwan. 

Sex attractant: It was suggested that (Z,Z)-7,ll-hexadecadienal could be utilized for forecasting the 
occurrence of CLM moth, but suppressive effects on CLM were obtained based on small-scale field tests 
using the sex attractant as a mating disruptant. It appears that many mated females flew into the 
sex-attractant-treated field from the surrounding untreated ones. Large-scale testing using large amounts 
of the sex attractant should be performed in large fields. In Japan, however, as most of the citrus orchards 
are located on slopes where a gassy sex attractant can not drift in the air for a long period of time, it may 
be difficult for the synthesized sex attractant to disturb the sensibility of the male moths occurring 
throughout the citrus orchards. 

Kuroko and Kumata, Japanese experts in the taxonomy of Gracillariidae, identified the specimens 
collected from Thailand and Morocco as Phyllocnistis citrella, which is the same species as the citrus 
leafminer occurring in Japan. However, the synthesized substance strongly attracted Japanese CLM 
males, while it did not attract the moths occurring in other countries. This difference of sensibility to the 
synthesized sex attractant may indicate that P. citrella has differentiated into some biotypes. 
Consequently, (Z,Z)-7,ll-hexadecadienal used in these studies was synthesized as an analogue from one 
component of the pink bollworm sex pheromone and confirmed to be a sex attractant of CLM based on 
random screening tests in the field 1 ). The substance was assumed to be at least one component of the sex 
pheromone of CLM based on its strong attractiveness for male moths of CLM. It is necessary, however, 
to extract the tme pheromone from the virgin female, to determine whether it is the same material as the 
synthetic one, and whether it contains other minor components, in order to utilize this substance for 
effective control or monitoring of the populations in various parts of the world. 


XK'Kl 
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Abstract 

This study dealt with the relationship between the characteristics of irrigation ponds and water quality. 
We conducted a statistical analysis of 556 irrigation ponds located in urbanized mral areas and flat rural 
areas throughout the country, and examined a number of indicators of water quality such as pH, chemical 
oxygen demand (COD), contents of total phosphorus (T-P) and total nitrogen (T-N). There were no 
strong correlations between the characteristics of the irrigation ponds and water quality. We then 
conducted a similar analysis of the ponds after classifying them into 4 groups based on hydraulic and 
meteorological characteristics. In this analysis, a strong relationship was found for the water quality in 
each group of ponds. We also studied the nitrogen load in the effluent from the catchment basins and 
found that diffuse non-point-source nitrogen was the major constituent. Relative intensity of the factors 
affecting water quality was investigated by multiple regression analysis and box plot analysis. 

Discipline: Irrigation, drainage and reclamation 

Additional key words: basin characteristics, statistical analysis, diffuse non-point source, water quality 
preservation, load management 
1—' ^References 


Introduction 

In Japan, there are about 213,890 irrigation ponds. Of these, the irrigation area of 68,850 ponds is larger 
than 2 ha and together they cover a total area of 1,235 thousand ha and contain an effective volume of 
4,769 million m 3 of water 6 ). This volume of water amounts to about 16% of the 30,470 million m 3 of the 
effective volume of water contained in dams in Japan 4 ) and about 8% of the 58,700 million m 3 used 
yearly for agriculture 3 ). The ponds are an important source of water for agriculture. They are also 
considered to be closed and are a valuable component of local open-spaces, fulfilling multiple purposes 
in many areas. 
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With increasing development and a tendency toward crowded living, the inflow of gray water to 
irrigation ponds may cause pollution and the resultant abnormal algal bloom may lead to environmental 
problems, for example the death of fish, stench, and destmction of scenery. This deterioration of water 
quality by factors such as water inflow and nitrogenous and phosphorus sediments is a result of 
socioeconomic activity in the catchment basins. It is essential to analyze the basin characteristics, 
including land utilization, agricultural practices, weather, and sources of pollutant loading for the 
preservation of the water quality in irrigation ponds. An understanding of how the characteristics of the 
basins and the hydraulic properties of the ponds influence the water quality may provide effective 
information to promote the preservation of the water quality in future. 
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Method of analysis 

We examined the water quality of irrigation ponds from 1991 to 1993. Nationwide, approximately 
25,000 irrigation ponds have an irrigation area of more than 5 ha in urbanized agricultural areas or 
agricultural areas 5 ). From these, 852 were sampled from prefectures across the nation in proportion to the 
number of ponds in each prefecture. 

In principle, sampling was carried out 5 times at sluice gates and from a depth of approximately 50 cm at 
each pond during the irrigation season (May through October). 

Of the 852 irrigation ponds, in some river water was introduced except for basin use, others were used 
for other purposes, such as aquaculture, golf courses, industries and farming, and for some of them the 
information we collected could not be used. The data from these types of ponds were excluded in the 
analysis of water quality characteristics because the actual conditions were not clarified and it was 
difficult to estimate the occurrence of nutrient loading. Therefore in principle, we examined 556 
irrigation ponds in the present study. 

These 556 irrigation ponds were then classified into groups to analyze the influence of major 
environmental factors, such as water depth, retention time, and hours of sunlight on the fluctuation of 
water quality. Although it was possible to group the ponds by combining each factor, considering the 
shallow irrigation ponds studied in this report, the hours of sunlight were found to be the factor that 
influences primary productivity, such as growth of plant plankton. Retention time and water depth were 
also used as a measure to group the ponds. The uses of the irrigation ponds were other factors that 
influenced the water quality. Based on these factors, the following 4 groups were analyzed in this report. 

For the water depth and retention time, median values were determined by statistical analysis of whole 
irrigation ponds. 

Group ILong period of sunlight (> 1900 h/year) and shallow irrigation ponds (<4.0 m). 

Group IlShort period of sunlight (< 1900 h/year) and shallow irrigation ponds (<4.0 m). 

Group IIILong retention time (> 60 days ) and deep irrigation ponds (> 4.0 m). 

Group IVShort retention time (< 60 days) and shallow irrigation ponds (< 4.0 m). 


General conditions of irrigation ponds 

Table I-a shows the statistical values of the characteristics of the irrigation ponds. The average values of 
the indicators of water quality of the irrigation ponds were as follows: COD, 9.02 mg/L; T-N, 1.36 mg/L; 
T-P, 0.10 mg/L; pH, 7.6; and EC, 143 p S/cm. Of these values, pH, COD, and T-N exceeded the 
standards for water for agricultural use (paddy rice, Table 1-b ) . When the average nutrient concentrations 
in summer exceeded 0.5-1.5 mg/L for T-N and 0.02-0.10 mg/L 1 ) for T-P, eutrophic conditions were 
likely to prevail. 
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The average retention time ([effective storage capacity of the pond]/[volume of inflow water into the 
pond]) was 114.1 days, which is approximately equivalent to 1/4 of the general retention time of lakes 
and marshes in Japan (approximately 1.2 years). 

Land use in the catchment basins of the irrigation ponds was as follows: 70% for forests, 8% for paddy 
fields, 6% for farms, 4% for orchard areas, and 2% for grasslands (Fig. 1). Non-agricultural land use 
accounted for the remaining 10%. Consequently, land use was characterized by a high ratio of forests. 


NIC XT 
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Table l-i. Statistical values of characteristic* of irrigated ponds and catchment basins 


Number of 
ponds 

Mean 

STD 

Available storage capacity (itfW) 

555 

94.5 

260,2 

Catchment area (ha) 

556 

66,0 

179,4 

Depth (m) 

46? 

5J 

39 

Retention time (day) 

555 

1141 

190,2 

Available storage capacity.catchment area Cm) 

555 

2.7 

4.2 

Available storage capacity/depth (ha) 

467 

194 

43.0 

Area rale of arable land {%) 

556 

25.6 

29,9 

Beef cattle density (hcad/ha) 

59 

1,0 

1.6 

Dairy cattle density (head/ha) 

25 

0.8 

u 

Pig density (head/ha) 

20 

3.0 

6.4 

Domestic fowl density (head/ha) 

22 

327.7 

837.0 

Application of N fertilizer to the field (kg/lGa) 

288 

12 

7.2 

Application of P fertilizer to the field (kg/lQa) 

289 

1,0 

5,4 

Application of K fertilizer to the field (kg/10a) 

288 

U 

6 2 

Population density (persons/ha) 

271 

18.1 

71.0 

Extension rate of sewerage (%) 

271 

22,4 

38,0 

Ratio of night soil treatment (%) 

271 

77.6 

383 

Mean precipitation (mm/year) 

556 

1,482 

371 

Mean temperature of air (°C) 

556 

14,4 

2,2 

Yearly daylight hours (hour) 

556 

1,893 

171 

COD (mg/L) 

553 

9.02 

10.19 

T-N (mg/L) 

552 

1.36 

1.78 

T-P (mg/L) 

528 

0JG 

0.19 

pH 

553 

7.6 

0.8 

EC ( pS/cm ) 

553 

143 

198 


I LWA 
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Table 1-b. Standard values for water for agricultural use 
(paddy rice) 

Item 

Standard value 

pH 

6,0-7,5 

Chemical oxygen demand (COD) 

below 6 mg/L 

Suspended solids (SS) 

below 100 mg/L 

Dissolved oxygen (DO) 

below 5 mg/L 

Total nitrogen (T-N) 

below 1 mg/L 

Electric conductivity (EC) 

below 300 pS/cm 

As 

below 0,05 mg/L 

Zn 

below 0.5 mg/L 

Cu 

below 0.01 mg^L 
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Water quality in irrigation ponds and characteristics of catchment basins 

Water quality in irrigation ponds and characteristics of catchment basins 

1) Correlation between water quality in irrigation ponds and catchment basin characteristics 

Our data failed to reveal a strong correlation between the hydraulic properties of the irrigation ponds or 
basin characteristics (such as agricultural practices, land use, and environmental conditions) and pond 
water quality. For example, there was no strong correlation between the retention time and T-N value 
(Fig. 2 (1)) or between the proportion of forests in the basins and the T-N value in the ponds (Fig. 2 (2)). 
We performed single correlation analyses between the indicators of water quality and each of these 
characteristics, but the results were identical. 

When classified into 4 groups, however, the irrigation ponds showed a correlation between each pond 
property and water quality indicators (Tables 2 and 3b In Group I, average values of COD, T-N, and T-P 
exceeded the averages for all the irrigation ponds and also the averages for each of the other groups. In 
Group III, average COD and T-P values were lower than in the other groups. 

In Group I, there was a low correlation between the retention time and COD compared with all the 
irrigation ponds and the other groups. In Group I there was a strong correlation between the COD and the 
T-P value compared with all the irrigation ponds and the other groups. Group II showed a strong 
correlation between the T-N and T-P values, suggesting that the N/P ratio was relatively stable. In Group 
ITT there was a strong correlation between the COD and the T-P value, indicating that phosphorus may be 
the limiting factor for eutrophication. In Group IV, no strong correlation was found between any of the 
indicators of water quality. 

The correlations between the water quality indicators in each group suggest that they affect the variation 
of water quality in irrigation ponds. 

2) Outflow characteristics of nitrogen load from the catchment basins 
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Water quality in irrigation ponds and characteristics of catchment basins 


Fig. 3. Nitrogen load from effluent in the catchment basins 
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The proportion of 
nitrogen load in the 
catchment basins of 
irrigation ponds 
(Fig. 3) was 
determined by the 
unit method. The 
nitrogen load from 
paddy fields, 
forests, and areas 
with 

non-agricultural 
land use was 
calculated by 
multiplying the T-N 
concentration of 
rainfall by the 
amount of 
precipitation during 
the period of 
irrigation. 


The nitrogen load from farms and orchards was calculated by multiplying the amount of fertilizer applied 
during the irrigation period by the discharge rate of 30% 2 ). 

The nitrogen load from livestock was estimated by using the documented value for cattle/head/day and 
the documented value for pigs/head/day 8 ). The nitrogen load from the households in the basins was 
estimated from the documented 7 ) value of 6.0 g/person/day of treated household drainage from septic 
tank (mixed drainage and urine) and 1.45 g/person/day of untreated mixed household drainage. 

Although land use in the basins of the irrigation ponds consisted of forests (70%), farmland (20%), and 
other land uses (10%) (from Fig. 1), agricultural land use accounted for about 51% of the nitrogen load, 
indicating that agriculture exerts a major influence on water quality in irrigation ponds. The nitrogen load 
per unit area in the basins was 90 g/ha/d (standard deviation 153 g/ha/d; median value 36 g/ha/d). Since 
78% of the nitrogen load was derived from diffuse non-point sources, such as farmland and forests, it 
might be difficult to control or manage the load. 
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Tabic 2. Mean values or depth, daylight hours, retention time, and water quality indicators calculated for each 
group of irrigation ponds 



All irrigation 
ponds 

Group 

I 

Group 

II 

Group 

III 

Group 

IV 

Number of ponds 

556 

99 

85 

153 

115 

Available storage capacity ( lOW) 

94.5 

40.1 

64.0 

199.0 

23.6 

Depth (m) 

5.1 

2.5 

2.4 

7.1 

2.3 

Retention time (day) 

114.1 

108.2 

61.5 

216.2 

22.4 

Yearly daylight hours (hour) 

1,893 

2.003 

1,771 

1.915 

1,878 

COD (mg/L) 

9.02 

11.36 

10.51 

8.20 

8.98 

T-N (mg/L) 

1.36 

1.96 

1.28 

1.28 

1.42 

T-P (mg/L) 

0.10 

0.13 

0.11 

0.08 

0.09 

pH 

7.6 

7.7 

7.5 

7.7 

7.5 

EC (pS/cm) 

143 

166 

173 

144 

175 
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Tabic 3. Correlation coefficients between irrigation pond characteristics and water quality indicators classified into 4 groups 




COD 


T-N 


T-P 


G. I 

G. 11 

G.III G. IV 

G.I 

G. II 

G.III G. IV 

G.I 

G. 11 

G. HI 

G. IV 

Available storage capacity (I0 5 m } ) 

0.212 

-0.057 

-0218 -0.013 

0254 

-0.065 

-0.093 -0.029 

0.131 

-0.017 

-0.160 

0.003 

Catchment area (ha) 

0.028 

0.099 

-0.143 0.149 

0.077 

0.030 -0.058 0.009 

0.092 

0.051 

-0.107 

0.177 

Depth (m) 

-0.061 

-0.117 

-0.281 -0.129 

-0.043 

-0.237 

-0.045 -0.129 

-0.122 

-0.142 

-0.189 -0.203 

Retention time (day) 

0.411 

0.035 

-0.029 -0.020 

0.077 

0.117 

-0.087 -0.005 

0.282 

0.172 

-0.052 

-0.001 

Available storage capacity/depth (ha) 

0.215 

-0.049 

-0.112 0.012 

0.248 

-0.045 

-0.056 0.007 

0.143 

-0.009 

-0.088 

0.052 

Mean precipitation (mm/year) 

-0.210 

-0.029 

-0.222 -0.021 

-0.007 

-0.172 

-0.122 -0.092 

-0.157 

-0.032 

-0.095 

-0.058 

Mean temperature (°C) 

0.225 

0.131 

0.254 0.031 

-0.084 

0.061 

0.092 -0.013 

0.157 

0.114 

0.148 

-0.048 

Yearly daylight hours (hour) 

-0.023 

0202 

0.409 0.013 

-0.021 

0.141 

0.189 0.110 

-0.021 

0.061 

0266 

-0.024 

COD (mg/L) 

1.000 

1.000 

1.000 1.000 

0.286 

0243 

0.312 0.078 

0.792 

0.343 

0.605 

0.423 

T-N (mg/L) 

0.286 

0.243 

0.312 0.078 

1.000 

1.000 

1.000 1.000 

0.391 

0.684 

0.196 

0.313 

T-P (mg/L) 
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3) Multiple regression analysis of water quality and catchment basin characteristics 


Variables were selected by multiple regression analysis taking the indicators of water quality as the 
objective variables and the characteristics of irrigation ponds and their catchment basins as explanatory 
variables. Because the number of cattle raised in the basins was relatively low, we excluded the density 
of farm animals from the variables before performing the analysis. The standard of variable selection was 
set up as Fin = Fout = 2.0 for the F value of the variance ratio, and was estimated by the methods of 
forward selection and backward elimination. Table 4 shows the standardized partial regression 
coefficients between the indicators of water quality (objective variables) and the characteristics selected 
as a result of variable selection. The proportion and Variance Inflation Rate (VIF) were calculated by 
carrying out a multiple regression analysis taking the individual explanatory variables selected from 
Table 4 as the objective variables and the other variables as the explanatory variables. The value of VIF 
was 1.0-2.7 and the explanatory variables were found to be independent. The absolute values from Table 
4 are considered to reflect the degree to which individual indicators of water quality were influenced. 

Based on these considerations, the characteristics of irrigation ponds and their catchment basins that most 
affected water quality were as follows: 

for COD, depth of water, annual average temperature, and annual precipitation; 

for T-N, proportion of forests in basins, yearly hours of daylight, and proportion of farmland in basins; 

for T-P, depth of water, yearly hours of daylight, and non-agricultural land uses. 

Land use characteristics influence water quality, particularly the T-N. In comparison with the T-N, COD 
and T-P values are affected by a variety of characteristics other than land use. However the proportion of 
forests in basins affected all of the above indicators of water quality: i.e. the values of all the indicators of 
water quality tended to decrease in proportion to the increase of the forest areas in basins. 


4) Analysis by box plot 

When there are biases or outliers in the distribution of research data, the correlation coefficient is not 
always an appropriate index to describe the correlation among variables. We used parallel box 
diagrams 9 ) to analyze the relationships among variables in these cases. 

In this analysis, all the data of the variables on the horizontal axis were arranged from minimum to 
maximum values and then divided into 5 sets, each containing an equal number of data. A box diagram 
of the variables on the vertical axis was made for each of the 5 data sets. The position of each box plot on 
the horizontal axis corresponded to the position of the central value in each horizontal data set. The 
central horizontal line in the box plot represented the 50% value (median), and the upper and lower hinge 
values were 75 and 25%, respectively; thus 50% of all the data were included within the height of the 
box. The maximum and minimum values in each set were represented by the upper and lower vertical 
lines (Fig. 4). 

In the parallel box plots, the correlations are not indicated quantitatively with a coefficient, but the 
relative tendencies among the variables can be observed. 
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We analyzed the relationships between each water quality indicator (COD, T-N, and T-P) and irrigation 
pond characteristics by this method. The characteristics derived from this analysis coincided with the 
results of the multiple regression analysis as follows: 

(1) The pond depth and the proportion of forests in the catchment basins showed a negative correlation 
with all the water quality indicators (Figs. 5 (1) and 5 (2)). 

(2) A positive correlation was found between yearly daylight hours and COD. Although there was a 
positive correlation between the COD and retention time up to about 100 days, there was no correlation 
with the COD for longer retention times (Figs. 5 (3) and 5 (4)). 

(3) T-N showed a positive correlation with the area of upland fields. There was a positive correlation 
between T-N and nitrogen applied as fertilizer up to about 0.4 kg/ha. However, there was no clear 
correlation at levels of application beyond that value (Figs. 5 (5) and 5 (6)). 

(4) No significant correlation could be found between T-P and any irrigation pond characteristics except 
for the positive correlation with the pond depth and the proportion of forests in the catchment basins. 

(5) There were positive correlations among the water quality indicators, such as COD, T-N, and T-P 
(Figs. 5 (7) and 5 (8)). 


Conclusion 

Although the mechanisms responsible for the fluctuations of water quality cannot be clearly determined 
by statistical analysis alone, the following information is necessary to preserve the water quality in 
irrigation ponds. 

Since current agricultural practices result in COD, nitrogen, and phosphorus load mostly occurring from 
diffuse non-point sources, it is difficult to control or manage the load. And we consider that the 
improvement of the methods of fertilizer application and water management in the fields may not 
drastically decrease the occurrence of pollutants in the short period. 

Water quality in irrigation ponds can be improved by reducing the source materials, pollutant runoff into 
the irrigation ponds, and the amount of pollutants in the irrigation ponds. Although many engineering 
methods involving the construction of drainage treatment facilities, by-passing the waterways, compact 
oxidizing of the waterways, use of aquatic plants, and dredging of the ponds can be applied, it is difficult 
to achieve effective and long-term control by a single method at this time. 

When a comprehensive evaluation of the situation is taken into consideration, on a long-term basis, it 
will be important that the basin characteristics of each irrigation pond be thoroughly analyzed and 
appropriate engineering steps be taken for water quality preservation. These steps should include the use 
of load management to structurally remove the sources of pollutants. 
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Table 4. Standard regression coefficients in multiple regression model for prediction of the water quality 
of irrigation ponds 




COD 

T-N 

T-P 


Available storage capacity 

Catchment area 




Hydraulic 

Depth 

-0.175 


- 0.111 

characteristics 

Retention time 

Available storage capacity/catchment area 


-0.070 



Available storage capacity/depth 

0.071 

0.054 



Area rate of arable land 




Agricultural 

Application of N fertilizer to the field 




characteristics 

Application of P fertilizer to the field 
Application of K fertilizer to the field 





Area rate of paddy fields 

0.075 

-0.095 



Area rate of upland fields 


0.109 


Land use 

Area rate of orchards 


0.085 


characteristics 

Area rate of forests 

-0.044 

-0.335 

-0.095 


Area rate of grasslands 

Area rate of other land uses 



0.096 

Social 

Population density 




characteristics 

Extension rate of sewerage 


-0.085 


Meteorological 

characteristics 

Mean precipitation 

Mean temperature 

Yearly daylight hours 

-0.116 

0.163 

0.119 

0.103 
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Fig. 4. Concept of box plot 
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Fig.5. Parallel box plots 

(1) . Depth and T-N 

(2) . Proportion of forests in the catchment basins and T-N 

(3) . Yearly daylight hours and COD 

(4) . Retention time and COD 
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Area rate of upland fields (%) 
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(5) . Proportion of upland fields in the catchment basins and T-N. 

(6) . Nitrogen fertilizer application and T-N. 

(7) . T-P and T-N. 

(8) . T-P and COD. 
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Abstract 

The efficiency of insects as crop pollinators depends on their biological characteristics in relation to the 
crop and the environment in which they are needed. For glasshouse pollination in Japan, stingless bees 
are potentially promising pollinators for the following reasons: they are harmless to beekeepers and 
glasshouse workers, they visit a wide range of crops (polylecty), they are tolerant of high temperatures, 
they are active throughout the year, they can be transported easily, and they do not pose an 
environmental risk by escaping and invading natural habitats as they would not survive the Japanese 
winter. There are still, however, some limitations to using stingless bees in such areas, one of which lies 
in how to improve methods for propagating and maintaining the colonies throughout the year. To address 
this problem we suggest the development of a new type of hive box. 

Discipline: Crop production/Horticulture 
Additional key words: bee-keeping, meliponiculture 
1—30): References 


Introduction 

Stingless bees are social bees which lack a functional sting. They store honey and pollen, and are 
sometimes called stingless honey bees 17 ). Since they occur in perennial colonies in tropical and 
sub-tropical climates, it is impossible for them to survive naturally throughout the cold season in 
countries with a temperate climate such as Japan. Considering that these people-friendly and 
ecosystem-friendly bees could be used as crop pollinators, we introduced colonies of several species 
from Australia and other countries, and investigated methods for keeping and multiplying hives. 

The general biology of stingless bees has been described by various authors 17 ’ 23 ’ 28 ), and pollination by 
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stingless bees in tropical areas has been reviewed recently 9 ). Most of the research, however, has been 
conducted in the areas where the bees live. Very little work on using stingless bees introduced from 
overseas has been performed in Japan, much less from the practical pollination point of view. Sakagami 
introduced the concept of domestication of stingless bees first into Japan 22 ). Maeta et al. imported 7 
species of stingless bees, Trigona minangkabau, T.moorei, T. itama, from Southeast Asia; Nannotrigona 
testaceicornis, Plebeia droryana, T. angustula, T. barocoloradensis from Brazil, with a view to testing 
them as pollinators of strawberries and published a note stating that N. testaceicornis was the most 
effective one and that economical fruit production could be maintained by the introduction of colonies 
into glasshouses 15 ). 

In this paper we describe the use of insects as crop pollinators in Japan, and also the potential of the 
stingless bee, T. carbonaria, from Australia to be kept and utilized successfully as pollinators under 
glasshouse conditions. 
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Status of pollinator utilization in Japan 

Where no pollinators are available, many crops need hand or mechanical pollination. Multiple use of 
insecticides and expansion of single cropping, both of which have been conducive to development of 
modem agriculture, have also led to the decrease of natural pollinator populations. In addition, 
cultivation under stmctures, such as glasshouses or greenhouses, where no rain, wind, or natural 
pollinators could be expected, has been disseminated in response to the rising demand for fruits and 
vegetables. These agricultural conditions have stimulated the demand for efficient manageable 
pollinators for crops. 

Three species of insects have had a great impact on crop pollination recently in Japan. 

The first is Osmia cornifrons, a solitary bee used since 1945 and now essential for the pollination of 
crops, especially of apples. The pollinating ability of Osmia cornifrons on apple is considered to be much 
higher than that of the honey bee. Osmia cornifrons is so efficient at pollinating crops that it was 
introduced into the USA in 1977 for small orchards on the East coast, and into Denmark for greenhouse 
crops. Its life cycle is very simple: the mated female makes a series of cells in the tubes it selects for 
nesting in spring; when foraging trips occur, each cell is filled with a honey pollen mixture on which it 
lays an egg; a new adult emerges within the nest in early autumn and overwinters therein; she appears out 
of the nest and mates and then makes foraging trips for a new nest in the following spring. The foraging 
period coincides with the flowering of apple. Since Osmia cornifrons bees nest in bamboo or reed and 
readily accept artificial nests, beekeeping is simple for the farmer to manage with minimal skill. 

Presently the bees are being used as apple pollinators in more than 18,000 ha of orchards in the northern 
part of Japan, and furthermore the bees will be applied to other crops by shifting the adult emerging time 
through the controll of the hibernation temperature. 

The second useful insect pollinator is the European bumblebee, Bombus terrestris, which is a social 
insect. Unlike honey bees or stingless bees, the colonies are annual and only queens fertilized the 
previous autumn survive the winter in hibernation alone and appear in spring to start up new colonies by 
themselves. The first adults produced by the queen are all workers. With the progression of the season, 
the colony becomes more populous. Males and new queens are produced at the climax of colony 
development around summer. The males of the colony, whether they mated or not, die before the onset of 
the winter season. So do the workers. In the case of artificial nests, the colony around the climax of its 
development can be used for crop pollination for about 2 months. The bumble bee is considered to be an 
efficient pollinator of some crops because buzz-pollination of crops that require it such as Solanaceae can 
be achieved. Buzzing bees cling to the ends of the anthers and vibrate their indirect flight muscles, 
leading to pollen release. 

The colonies have been imported from Europe since 1991 for pollination of tomatoes alone in 
glasshouses, and now more than 30,000 colonies are imported per year. These bees are popular because 
farmers can manage them by themselves. 

The third insect is the honey bee, or the European honey bee, Apis mellifera. This well-known social 
insect is an important pollinator of orchards, fields, and large-scale glasshouses partly because of its large 
colony population (over 10,000 individuals), long distance flights (more than 2 km), wide range of plants 
on which it forages (more than 80% of cultivated crops), and availability of established beekeeping 
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techniques. In fact, honey bees are used widely as pollinators overseas but not in Japan. Most of the 
Japanese farmers who need pollinators do not keep the honey bees by themselves, but, if necessary, have 
professional beekeepers manage the colonies. There are only 5,000 professional or semiprofessional 
beekeepers in Japan, the small number of which limits the use of honey bees as pollinators. 

Both bumblebees and Osmia cornifrons bees have been commonly used mainly because the farmers can 
manage the bees by themselves unlike the case of honey bees. A study aimed at breeding a mutant strain 
of honey bees with non-stinging characteristics by using gamma radiation has been initiated so that the 
farmers can manage the colonies for pollination with ease 1 ). 

Only honey bees and stingless bees are highly eusocial species living in perennial colonies which are 
easy to keep in hives and to be moved to any place, when necessary. As a highly eusocial bee group, 
stingless bees also share various useful characteristics, and could be expected to be effective crop 
pollinators. 


Stingless bees and honey bees 

Social insects show some of the following characteristics: cooperation among adults in brood care and 
nest construction; overlapping of at least 2 generations; and reproductive division of labor 29 ). Those 
which display all 3 of the above characteristics are called eusocial insects. Of over 10,000 different 
species of social insects existing today, honey bees of the subfamily Apinae and stingless bees of the 
subfamily Meliponinae, have attained the most advanced social levels and they are called highly eusocial 
insects. The colonies of other social insects die when the fertile individual dies. But honey bees and 
stingless bees live in perennial colonies by replacement of the queen when needed. European honey bees 
and Oriental honey bees (A. cerana ) have been kept for a long time in Europe and Asia (beekeeping or 
apiculture), and stingless bees have been kept in Central and South America (stingless beekeeping or 
meliponiculture) due to their perennial colonies. 
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Biology of stingless bees 

The characteristics of stingless bees including T. carbonaria are reviewed here. 

1) Distribution 

Stingless bees are considered to have their center of origin in Africa and have dispersed to other 
tropical and subtropical parts of the world, based on paleontological and biogeographic data. This 
hypothesis is also supported by the fact that their primitive species with a well-developed sting 
system live in Africa exclusively 27 ). 

Stingless bees belong to the subfamily Meliponinae in the family Apidae. In general, stingless bees 
are easily distinguished from other bees by the following 3 characters: reduction and weakness of 
the wing venation; presence of the penicillum; and reduction of the sting 28 ). In contrast to Apinae 
which consist of only 4 main species and less than 10 species in total in the one genus Apis, 
Meliponinae are a fairly large group with diverse morphology and biology. The group contains 
more than 400 species. At least 250 species have been described in South and Central America 
where research has been most advanced. About 50 species live in South Asia and Malaysia, and 20 
in Australia, Papua New Guinea, and the Philippines and as many as 40 are native to Africa. Since 
the forests in the tropical areas mostly consist of entomophilous plants, stingless bees are of great 
importance for the pollination of many wild plants in addition to tropical crops 21 ). 

2) Species used for stingless beekeeping 

The important genera for stingless beekeeping are Melipona and Torigona. Crane listed 14 species 
of Melipona and 21 of Torigona that have been used in traditional beekeeping 4 ). Melipona species 
are restricted to Central and South America, and are of historical significance because of their 
long-time culture for the production of honey and wax. Torigona species are present in all the 
tropical continental areas, and traditional hive beekeeping with them has occurred in tropical 
America and occasionally in Asia. Most Torigona species are relatively small, and long-winged. 
Melipona species are short-winged and tend to be larger, some being as large as honey bees 4 ). 

T. carbonaria is very common in coastal Queensland in Australia and extends as far south as 
Sydney, being the southernmost species of all stingless bees in the world 16 ). 

3) Defense mechanisms 

The stingers are vestigial and non-functional but the bees have various and efficient means of 
defense for colonies. Some species adopt aggressive ways of defense, like biting (T. cupia, T. 
juscipennis ), emitting a caustic liquid from the mouth (all species of OxyTorigona ), releasing 
unpleasant odors (T. capitata, M. marginata ) and irritating by crawling into eyes ears, etc. 
However, the most common strategy of defense is to make their nests and the entrance invisible to 
intruders. Therefore, most species do not harm people or animals. 

T. carbonaria is a gentle species and can be manipulated with ease. The insects defend the nest by 
sealing up all unnecessary nest openings, and sometimes crawl over persons, and give tiny nips 
with their mandibles when their nest is disturbed 6 ). 
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4) Nest structure 


A few species of stingless bees build their nests in underground cavities such as termite mounds, 
most of them belonging to primitive groups, e.g. genera of Meliplebeia, Plebeia, and Nogueiraps. 
Some other species build an exposed nest which is surrounded by hard and sometimes brittle 
layers hanging on tree branches in the air. Those species do not seem to have ever been considered 
for beekeeping. 



The most common type of nest is found in a tree cavity. The nest is usually made of 5 parts; brood 
comb, involucrum, store pots, batumen, and an entrance. The comb consists of brood cells, in each 
of which a single young is reared, and surrounded by a sheath of cerumen, or involucrum (Fig. 1). 
Therefore, the cavity where the brood cells are present is called a brood chamber. Cerumen is 
made of a mixture of wax secreted from the glands on the abdomen of workers and propolis, which 
is derived from resins collected from plants. Honey and pollen are stored in pots quite different 
from the brood cells. These storage pots are usually placed above and below the involucrum, and 
made of cerumen. The extra space in the tree cavity is sealed by batumen plates, usually made of 
cerumen and mud. The entrance of the nest is a simple hole. It often extends from the nest as a 
tube, and also continues inside the nest cavity. There are pillars and connectives inside the nest to 
support all the other structures within the batumen plates. The brood cells of the combs are in 
contact with one another, and the combs are usually horizontal, but in some species like Torigona 
carbonaria, the combs form a spiral. In subgenera, such as Plebeia, HypoTorigona, Trigonisca, 
Torigona, and Tetragona, some species construct cluster-type nests. This type of nest contains a 
cluster of brood cells irregularly arranged instead of combs. Unlike the nests with combs, 
cluster-type nests can take advantage of small and irregular spaces 17 ). 
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Only the African species Dactylurina staudingeri has vertical, double combs, each consisting of 2 
layers of horizontal cells opening in opposite directions, as in the case of honey bees 28 ). 

5) Reproduction 

There are 2 ways of reproduction in social insects as follows: (1) development of a colony, or 
increase in the number of individuals, which depends mainly on the egg-laying ability of queens. 
The number of eggs laid per day varies among species and does not change appreciably with the 
season as in the case of European honey bee subspecies; (2) colony reproduction, or increase in the 
number of colonies. In stingless bees, like honey bees, all the new nest foundations result from a 
fission of the colony. New colonies are formed by reproductive swarming with a queen and 
workers, but the procedure is quite different from that of honey bees 17 ’ 23 ). In honey bees, an old 
queen leaves the mother nest when reproductive swarming occurs, but in stingless bees young 
virgin queens leave, and the connection between the mother and daughter nests can last for weeks 
and even months. Typical formation of new colonies in stingless bees proceeds as follows: a new 
nesting site is searched for and identified by workers; the workers transport the necessary materials 
both for construction and for food from the mother nest; the new nest except for brood cells is 
complete; a young virgin queen flies to the new site from the mother nest along with drones; 
mating flights are made; and the new nest is occupied by adult bees including the new queen 17 ). It 
has been reported that T. juliann and T. varia carry out some construction work in the new nest 
before the young queen arrives 18 ), and that stingless bees do not necessarily need to fly during 
mating 3 ). Variations in the swarming process have been reported n ). 


XKK1 
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6) Population of nests 

The number of workers comprising the colony ranges from a few hundreds to several thousands 
depending on the species and other factors. Wille & Michener 26 ) presented a list of the 
populations: from Torigona corvia 7,200 to T. buyssoni 136, including the major meliponiculture 
species: T. schrottkyii 300, T. mosquito 1,175, T. mirandula 2,281-4,076, T. cupira 2,900, T. 
clavipes 5,000-8,000, M. marginata 243, M.fasciata 2,00. The color of the workers is black, 
brown, red yellow, and white depending on the species. A mature colony of T. carbonaria consists 
of about 10,000 individuals 10 ). 

7) Division of labor 

Two k in ds of division of labor can be observed in the social life of the stingless bees as in that of 
honey bees: division of caste referring to the reproductive system, and division of labor among 
workers, productive system. 

The females are divided into 2 castes, queens and workers. Caste dimorphism is strongly 
developed. Queens are much larger than workers, lack corbiculae (the pollen-carrying structures 
on the hind legs) and wax glands. 

As workers age, their tasks change. Their sequence of activities can be divided into stages as 
follows 28 ): self-grooming (just after emergence from the pupae); incubation and repairs in the 
brood chamber; construction and provisioning of cells, and feeding of young adults and the queen; 
reconstruction of the involucrum and guard duty at the entrance; and collection of pollen, nectar, 
and propolis. Basically the sequence of the workers' activities is similar to that in honey bees. 

8) Thermoregulation 

Honeybees are able to maintain the temperature around the brood at 34-36°C. The temperature is 
raised with their own body heat, generated by shivering the wing muscles, and lowered, if 
necessary, by fanning their wings at the nest entrance to draw cooler air into the nest or gathering 
water into the nest to spread over the comb. Generally, stingless bees are not as efficient as honey 
bees in controlling the nest temperature, especially when the temperature is low, they are 
inefficient in raising it. This may be a factor that limits stingless bees to tropical and subtropical 
areas. When the temperature is high, they lower the temperature by farming their wings at the nest 
entrance partly for ventilation as honey bees do. Only a few species, Torigona spinipes and T. 
duckei, however, are known to have the ability to regulate the nest temperature within certain 
limits 17 ). Our studies show that T. carbonaria can not easily control the temperature in the hive 
2 ). 

9) Queen behavior and oviposition 

The honey bee queen flies when swarming occurs, while the stingless bee queen flies only once in 
her life. Once she has mated and begun to lay eggs, her abdomen enlarges and she loses the ability 
to fly. As a result, she remains in the old nest. In contrast to honey bees, stingless bee queens are 
reared continuously, and tolerated in the nest for a time. Some of them establish new colonies 
through swarming or take over the old queen, but most are killed by workers 17 ). 
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Stingless bees provide the brood cells with the food all at once, and then close the cell just after the 
queen lays an egg. In the genus Torigona, the rearing method of queens and workers is similar to 
that of honey bees. Queens are reared in special large cells at the margins of the comb and filled 
with more larval food than workers' cells. The production of a queen depends on the amount of 
food during the larval stages, and any fertilized egg can become a queen or a worker, that is, 
growing into a queen is purely the result of a greater larval food supply, and the caste is 
determined trophically. In contrast, queens and workers are reared in cells with the same size and 
caste is determined genetically in Melipona. Kerr suggests that the caste genes regulate juvenile 
hormone production 13 ). 

10) Foraging 

The last stage of the workers' activity is foraging. Like honey bees, stingless bees collect pollen, 
nectar, and propolis. Most of the stingless bee species are polylectic, foraging a wide range of 
crops for pollen. 

In contrast to honey bees, since stingless bees can forage without the help of near ultraviolet light, 
they can easily forage in a greenhouse with a roof made of ultraviolet-absorbing film 24 ). The 
colonies of T. fuscobalteata were being kept without any problems in foraging in an 
environmentally controlled chamber (10 m 2 , 26°C, 13L:11D with fluorescent lamps) provided 
properly with plant flowers 2 ). T. angustula, T. bipunctata, and T. carbonaria can also be 
successfully kept in the same conditioned chamber. 

11) Flight range 

Stingless bees show a compact flight range compared with honey bees. The workers of honey bees 
can forage over 2-3 km, while those of the stingless bee can forage over 1 km at most. There are 
some correlations between flight range and the body size of the workers 12 ). According to Kerr 12 ), 
small bees like those of the subgenus Plebeia (3-4 mm) have a flight range of about 300 m, 
medium-sized bees, as in the case of the subgenus Torigona (5 mm), have a flight range of about 
600 m, large bees (10 mm) have a flight range of about 800 m, and very large bees (13-15 mm), 
i.e. Melipona fuliginosa, have a flight range of about 2,000 m 28 ). Flight activity of stingless bees is 
constantly influenced by the weather conditions 8 ). In M. marginata, the flight activity is correlated 
positively with the temperature and negatively with RH, but the behavior indicates a flexible 
response to prevailing weather conditions 14 ). In T. carbonaria, foraging bees fly over a maximum 
distance of 500 m and usually prefer to fly over a distance of about 100 m from the nest 10 ). 

12) Communication 

Like the honey bees, many species of stingless bees are able to communicate the location of a food 
source. They use a chemical secreted from the mandibular gland and sunlight for orienteering. 
Foraging workers stop at intervals of a certain distance and leave scented spots on the way from a 
good source of food to the colony. Other bees leave the nest and begin to follow the odor trail 
outward 28 ). In Torigona postica, the foraging workers seem to be able to act as guide bees by 
leading the others in a group back and forth for several trips 5 ). Some species of stingless bees such 
as T. angustula communicate with sounds and zigzag running. In M. quadrifasciata and M. 
merillae, returning foragers produce sound impulses varying proportionally to the distance of the 
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food source 7 ). In T. carbonaria, a foraging bee that has located a good food source marks it with a 
chemical scent to help other workers find it. 

13) Longevity of colonies 

The colony of stingless bees could last permanently by replacing the queen successively as long as 
a lethal disaster does not occur. Generally, the longevity of the queens seems to be longer than that 
of the honey bees which is 3-5 years 28 ). We obtained a colony of T. fuscovartiata from Thailand in 
1995, when the colony was 12 years old. We have kept it under environmentally closed conditions 
for more than 3 years since then. It is still in good condition and there has not been any exchange 
of queen. The workers of stingless bees also seem to live considerably longer than those of honey 
bees. For instance, T. xanthotricha workers spend about 6 weeks in the nest and then about the 
same length of time in the field, a lifespan about double of that of a honey bee 20 ). 

14) Pollination efficiency 

Although few quantitative data are available on the influence of pollination by stingless bees on 
crop yield, many species are considered to be useful for pollination of plants 9 ), although some 
species can not be used. T. silvestriana, T. julviventrid and T. textacea damage the corolla of 
Thunbergia grandiflora^X 

T. carbonaria is polylectic and an effective potential pollinator of crops such as the nut-bearing 
tree, Macadamia integrifolia, and also quickly adapts to new plants previously unknown 10 ’ 25 ). In 
fact the foraging bees thrive on a wide variety of Japanese flowering plants they have never seen 
before, which we provided in our experiment. Two hives per 10 a of crop fields would be 
recommended for sufficient pollination 10 ). 
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Fig. 2. Temperatures in and out of the nest of the honeybee, 
Apis melifera (above), and the stingless bee, Trigona 
carbonaria (below) 
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Stingless beekeeping 

Stingless beekeeping 

Before honey bees were imported to South and Central America, stingless bees were the only honey 
producers in these areas. Even presently hives of stingless bees are kept for honey harvest, and some 
researchers have outlined in detail the management and domestication of several stingless bee species. 
Various k in ds of hives have been designed according to the species to facilitate honey harvesting and 
avoid the destruction of the nest 19 ). 

1) Hives for T.carbonaria 

Researchers in Australia have developed various types of hives for T.carbonaria 6 ). As shown in 
Fig. 2, T.carbonaria are not able to control the temperature in the hive, compared with honey bees. 
The tolerance of low temperature in T.carbonaria adult bees is not appreciably different from that 
in the honey bees (Fig. 3). The honey bees form a cluster when the ambient temperature is fairly 
low, as the temperature in the hive remains within the optimum range, unlike T.carbonaria. 
Therefore, the major problem for keeping them in Japan is how to maintain them safely under 
warm conditions. We have tried to design a hive in reference to Heard's works, so as to make the 
bees survive throughout the year and even enable them to multiply the colony in Japan. The hive 
consists of two boxes, an inner hive box and an outer box (Fig. 4). The inner box is designed with 
three stories to contain a brood space, food storage space, and feeding space. The brood space can 
be divided for propagating the colony. The outer box is equipped with a heater system which keeps 
the hive at a fixed temperature even in the winter season. 

2) Splitting the colony 

To multiply the colony, the nest, especially brood, should be split. The layers of T.carbonaria' s 
brood cells form a single spiral, that is, a single comb. The summit and the advancing edges of the 
spiral comb are a growing portion where new cells are constructed and added along them. When 
the summit reaches the ceiling of the brood chamber, the growing portion appears again at the 
bottom to repeat its rise 16 ). To split a nest, the inner box is prized open while the brood in a brood 
space is cut in half. New empty inner boxes are then added to each half of the original inner box. 
Then 2 new nests are formed. There is no problem with the new nests which contain the original 
queen. Consequently the other one does not contain queens. However, in this species, usually 
several large cells contain developing queen bees, scattered throughout the brood comb. One of 
these cells will grow to become a queen 6 ). 

By using this type of hive boxes, we have succeeded in keeping the colonies of T.carbonaria in 
Japan with a view to using them as pollinators of crops in glasshouses. 
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Abstract 

Rapid and easy analysis of qualitatively important components is required for the fair-trading of green 
teas. Flow injection analysis combined with immobilized enzymes was applied for that purpose, and the 
target compounds were amino acids (total amino acids, L-glutamic acid and 3 -amino butyric acid) and 
ester-type catechins. 

Discipline: Food / Tea industry 

Additional key words: immobilized enzyme, biosensor, theanine, catechins, GABA 
1 —8) References 


Introduction 

Studies on green tea have revealed the relationship between the quality or taste and its chemical 
constituents 3 ). Amino acids (such as theanine and glutamic acid) give the UMAMI taste and high-grade 
teas contain a large amount of them. Catechins are related to the astringency and bitterness. The balance 
between amino acids and catechins is important for the optimum taste of green tea. Although 
high-performance liquid chromatography (HPLC) or colorimetric methods can be applied to the 
determination of the concentrations of amino acids and catechins, these methods are time-consuming and 
laborious. Recently, near infrared spectroscopy has been applied for the rapid analysis of tea 
components 1 ). The spectrometer itself can be used even by untrained persons, while the determination of 
calibration curve parameters for each tea component is very laborious and the parameters determined can 
only be applied to the samples which show similar characteristics as those used for calibration. Moreover 
the instrument itself is expensive. Thus other methods for rapid measurement of the contents of chemical 
components of tea are required. 

Flow injection analysis (FIA) may be an effective method for that purpose. The selectivity of the analysis 
can be provided using the enzyme reactions. This paper describes the simultaneous flow injection 
determination of the concentrations of total amino acids and glutamic acid by FIA using biosensors, 
combined with enzyme immobilized membranes and oxygen electrodes. The analysis of ester-type 
catechins ((-)-epigallocatechin gallate and (-)-epicatechin gallate) using enzyme reactors and 
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pH-sensitive transistors is outlined. Finally, c -aminobutyric acid (GABA) determination using an 
enzyme reactor and a fluorometric detector is described. 
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FIA determination of ester-type catechins7) 

Simultaneous determination of total amino acids and glutamic acid 4 ) 

High-grade teas are rich in amino acids, and theanine is the dominant amino acid in tea leaves. We observed 
that the biosensor for amino acids (amino acid sensor), when combined with L-amino acid 
oxidase-immobilized membrane and an oxygen electrode, responded linearly to the concentration of 
theanine 5 ). The reaction is as follows. 

L-amino acid + H 2 O + O 2 -> keto-acid + NH 3 + H 2 O 2 

The oxygen consumed by this enzyme reaction was monitored by the oxygen electrode. The sensor 
responded to theanine, asparagine, arginine, glutamine and serin but did not respond to glutamic acid or 
aspartic acid among the major amino acids found in tea leaves. The amino acid sensor was then calibrated 
with theanine, which gave the highest response among the major amino acids in tea leaves. The contents 
obtained by this method are referred to as "total amino acids". As the amino acids to which the sensor 
responded are abundant in high-grade green teas, the sensor is expected to show a higher response to the 
infusions of high-grade teas. The use of this amino acid sensor was a convenient method to analyze the 
concentrations of total amino acids in tea infusions and estimate the quality of teas, but still it took about 10 
min for the analysis of one sample 5 ). 

The amino acid sensor did not respond to glutamic acid, while glutamic acid gave the strongest UMAMI 
and is one of the major components for tea quality. Sometimes sham teas are produced by the addition of 
sodium glutamate to enhance the taste of tea in the manufacturing process. Determination of the content of 
glutamic acid in tea is also important, and we found that the glutamate sensor, which was composed of a 
glutamate oxidase-immobilized membrane and an oxygen electrode, was effective for the analysis of the 
concentration of glutamic acid in tea infusions 6 ). 

For more rapid and simultaneous analysis of the concentrations of total amino acids and glutamic acid, a 
flow injection system was developed by setting the glutamate sensor upstream of the amino acid sensor 
(Fig. J) 4 ). The filtered tea infusions could be directly injected into the flow system. Glutamic acid and total 
amino acids in the infusions were then analyzed using the glutamate sensor and the amino acid sensor, 
respectively. 

The results of determinations in tea samples by this method were compared with those obtained using the 
HPLC method (Fig. 2). Correlation coefficients were significant for the practical use of both sensors. Using 
this flow injection system, 30 tea infusions could be analyzed in one hour for both the concentrations of 
glutamic acid and total amino acids. High-grade green tea showed a higher response to the amino acid 
sensor as expected, while sham teas to which glutamate had been added showed a high response to the 
glutamate sensor. This system was therefore effective for the rapid and objective estimation of tea quality 
and could be used to detect glutamate addition to green treas. 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/horie/horie2.htm (1 of 2) [10/7/2002 9:04:42 PM] 




FIA determination of ester-type catechins7) 




HPLC (mg/L) HPLC (mg/L) 


Fig.2. Comparison of the composition of tea infusions determined by FIA and HPLC 

(a): glutamic acid, (b):total amino acids. 

To 3 g of tea, 180 mL of boiling water was added. The infusion was used as the sample for FIA analysis, 

with No.2 filter. 



methods 
after filtration 
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Fig.l. Flow injection system for the simultaneous determination of the concentrations of glutamic acid 
and total amino acids 


D: distilled water (flow rate 0.7 mL/min), 

B: phosphate buffer (1/15M, pH 6.4, flow rate 2.7 mL/min), 
P: peristaltic pump, I: injection valve (loop 100 1L), 

O: column oven for HPLC (30° C), 

Sg: glutamate sensor, Sa: amino acid sensor, 

R: recorder, W: waste. 


HACK 
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FIA determination of ester-type catechins7) 

FIA determination of ester-type catechins 7 ) 

Catechins are associates with the astringent and bitter taste of tea. Tea catechins that have a gallate moiety through 
ester linkage show a stronger astringency 3 ) and such catechins are called ester-type catechins. Major ester-type 
catechins in tea are (-)-epigallocatechin gallate (EGCg) and (-)-epicatechin gallate (ECg), and usually the content of 
the former is several times higher than that of the latter. 

The analysis of ester-type catechins is therefore important for the evaluation of the taste and quality of green teas. A 
rapid analytical system was developed for ester-type catechins (Fig. 3) 7 X In this system the enzyme tannase was 
used to catalyze the following reaction. 



Fig. 3. Flow injection analysis system for ester-type catechins 


D: distilled water, B: buffer (10 mM phtalate buffer, pH 5.5), P: peristaltic pump (total flow rate 0.7 mL/min), Dp: 
pulse-damper, I: injection valve (sampling loop 100 1 L), C: coil, T: tannase-immobilized reactor (1 mm i.d. % 20 mm), A: 
bovine serum albumin-immobilized reactor, F: pH-ISFET electrode, Re: reference electrode, W: waste, M: ISFET pH/mV 
meter, R: recorder. 

(-)-epigallocatechin gallate + H 2 O —> (-)-epigallocatechin + gallic acid 

The gallic acid formed can be detected by the pH shift using a pH electrode. The transistor electrode (pH-ISFET) 
was used here as a pH electrode to reduce the size of the system, by setting it in the flow cell. The enzyme reactor, 
which was filled with tannase-immobilized glass beads, was connected upstream of the electrode. After a standard 
EGCg solution was injected, the gallic acid formed in the reactor was detected by the change of the electric potential 
of the pH-ISFET. However when the tea infusion was introduced, the pH shift due to the tea interfered with the 
analysis. A dummy reactor, which immobilized albumine instead of the enzyme, and a pH-ISFET electrode were 
prepared as control. 

In this system a linear response to EGCg was observed with selected buffers. The gallate-releasing activity of the 
immobilized tannase from ECg was the same as that for EGCg. Filtered tea infusions could be introduced every 3 
min, and the results were compared with the HPLC method (Fig. 4). The correlation was significant for practical and 
rapid evaluation of the astringency of the green tea infusions. 
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FIA determination of ester-type catechins7) 

Determination of c -aminobutyric acid in GABA-enriched tea^) 

In the normal production of green tea, the content of c -aminobutyric acid (GABA) is less than 0.1%, while 
anaerobic treatment of fresh leaves leads to a considerable increase of the content of GABA2). Since the 
consumption of GABA-enriched tea decreases the blood pressure in humans with hypertension, such teas are sold as 
"GABARON CHA" in Japan. As the effective component is GABA, it is necessary to analyze GABA easily and 
rapidly at the site of tea manufacturing and trading. 

The enzyme complex called GABAse has been identified and it catalyzes the following reaction. 

GABA +2-ketoglutaric acid + H 2 O + NADP+ > succinic acid + glutamic acid + NADPH + H + 

NADPH is a fluorescent compound, and the fluorescence due to the enzyme-catalyzed reaction can be measured 
with a fluorescence detector. In the FIA (Fig. 5) , GABAse was immobilized on glass beads and the beads were set in 
a silicone tube, which was used as an enzyme reactor. The injection valve was connected upstream and the detector 
was located downstream of the reactor, respectivelyS). 

For tea samples, the fluorescence from tea components interfered with the precise analysis of the sample. A guard 
column for HPLC packed with Cis-silica was connected upstream of the detector to prevent the interference. The 
flow from the reactor was acidified by acetic acid before entering the Cis column to improve the efficiency of the 
removal of the interfering substances and prevent the packed material in the column from deteriorating. 

Using this system, the sample could be injected every 4 min. The results of determinations by this method were 
compared with those by the authentic HPLC method (Fig, 6). The correlation was significant for the rapid 
determination of the GABA content of GABA-enriched teas at the tea manufacturing factories. 


Conclusion 

We developed flow injection determination systems for the major components of green tea. These methods 
significantly reduced the time required for the analysis compared to the authentic methods. Moreover, since the 
buffer solutions and the wastes are harmless, they can be safely used by untrained workers at the tea factories. These 
newly developed methods are suitable for the estimation of the quality of teas by tea manufacturers and traders. 


MtIME 
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HPLC (V M)* 

Fig. 4. Comparison of the concentrations of ester-type catechins in tea infusions determined by 
HPLC and FIA methods 

*[EGCg] + [ECg] 
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Fig. 5. Flow injection system for GABA analysis 


D: distilled water, B: buffer (100 mM tris-HCl pH 8.0, 400 mM sodium sulfate, 1 mM NADP+, 5 mM 
2-ketoglutaric acid, 2 mM mercaptethanol), P: pump (flow rate 0.2 mL/min), I: injection valve (sampling 
loop 201L), G: GABAse-immobilized reactor (1 mm i.d. % 100 mm), Oc: Ci8 column (4.6 mm i.d. % 

10 mm), A: acetic acid (1%), Fd: fluorescent detector (EX. 360 nm, Em. 460 nm), In: integrator, O: 
column oven (30°C), W: waste. 
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Fig. 6 Relationship of the GABA content in GABA-enriched teas between FIA 
and HPLC methods 

GABA-enriched teas (1.0 g) were extracted with 100 mL of distilled water for 40 
min. The concentrations of GABA in the filtrates were determined by FIA and HPLC 
methods. 
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Abstract 

A thymic lymphoma was found in a 14-month-old Holstein steer. Use of antisera applicable to 
paraffin-embedded sections showed that the tumor cells were of T-cell lineage. Although the cells were 
characterized histologically by the presence of irregular nuclei, electron microscopic examination 
disclosed that they were cleaved. Although nuclear convolution and cleavage are important in the 
subtyping of some human lymphomas, these characteristics may not be related to the immunophenotype 
of the tumor cells in bovine lymphomas. 

Discipline: Animal health 
Additional key words: bovine, T-cell 
1... 24): References 


Introduction 

Nuclear convolution which is a cytological marker for human T-cell malignancies may be present in 
human thymic lymphomas24). Valli et al.21) divided canine, feline and bovine lymphoid tumors into 
cleaved and non-cleaved types, but complex indentations of tumor cell nuclei producing serpentine 
profiles were recognized ultrastructurally in a canine cutaneous lymphoma20). In addition, the presence 
of nuclei showing a convoluted or cloverleaf-like conformation was verified by electron microscopy in 
canine9) and swine7,8) thymic lymphomas. There is no convincing evidence that nuclear convolution 
occurs in bovine lymphomas including the thymic form. Here we describe a case of bovine thymic 
lymphoma, with emphasis placed on the ultrastructural observation of the shape of the nucleus in the 
tumor cells. 
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Materials and methods 

Tissues were fixed in 10% neutral buffered formalin and processed according to standard methods for 
paraffin embedding. Sections were stained with hematoxylin and eosin (HE). Additionally, selected 
sections were stained by the avidin-biotin-peroxidase complex immunoperoxidase technique (ABC). The 
following monoclonal antibodies were used: anti-human CD79a (HM57) (Dako, Denmark) and 
anti-major histocompatibility complex class II (MHC II) (H42A) (VMRD, USA). Anti-human CD3 
(Dako) was also utilized. An immunoperoxidase staining kit (BioGenex Laboratories, USA) was used in 
the subsequent processes. For electron microscopy, small pieces from formalin-fixed tissues were 
post-fixed in 1% osmium tetroxide, embedded in epoxy resin, stained with uranyl acetate and lead citrate, 
and examined by transmission electron microscopy (TEM). 
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Results 


1) Clinical and macroscopic observations 

A 14-month-old Holstein steer was anorexic and emaciated, with a swollen brisket, enlarged lymph nodes in the neck region, severe 
jugular vein distention, and edema in the intermandibular space. The animal's temperature was 40.7°C rectally, the pulse was 104 per 
minute, and the respiration was 44 per minute. Hematological values were as follows: hematocrit, 34%; white blood cell count, 9,900 
cells/p L; red blood cell count, 6,390,000 cells/p L. Atypical lymphoid cells were occasionally observed on smears of the peripheral 
blood. Antibodies to bovine leukemia virus were not detected by the agar gel immunodiffusion test. Since the animal was considered 
to have a poor prognosis, it was euthanatized. At necropsy, there was a massive enlargement of the thymus. The retropharyngeal, 
cervical, axillary and bronchomediastinal lymph nodes were markedly enlarged, and the largest measured more than 20 cm in the 
greatest dimension. 

2 ) Light microscopy 

The thymus and affected lymph nodes were almost entirely replaced by neoplastic tissue, and hemorrhages and necrotic foci were 
observed. There was a moderate infiltration of neoplastic cells in the heart, and a slight one in the liver and kidneys. The neoplastic 
cells were medium to large in size, and many cells showed irregular nuclear contours (Fig. 1). The nucleoli were medium-sized or 
inconspicuous, and the chromatin was finely clumped. Mitotic figures were abundant. 

3) Immunohistochemistry 

In the thymic tissue, the neoplastic cells gave a positive reaction for CD3 (Fig. 2), but not for CD79a and MHCII. 



Fig. 1. Thymus: Light-microscopic feature 

Neoplastic cells displaying irregular nuclei predominate in this field. 
Mitotic figures are visible (arrows) (HE x 630). 


Fig. 2. Thymus: Immunohistochemical feature 

Almost all the tumor cells stained intensely or weakly for CD3. There are no positive 
deposits in a blood vessel and surrounding connective tissue (center) (ABC x 400). 


4) Electron microscopy 

Most of the tumor cells showed nuclear irregularity of varying degree. Some nuclei were slightly irregular and others were cleaved 
(Fig. 3), though a few cells contained more irregular nuclei (Figs. 4, 5). The cells had poorly to slightly developed organelles, which 
had a tendency to localize in one portion of the cytoplasm. Occasional cells contained several dense bodies near the Golgi complex 
(Fig. 6), but compact accumulation of the bodies was seldom observed. 
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Fig. 3. Thymus: Nuclear shape 

Arrows indicate nuclear cleavage. Binuclear profiles (arrowheads) presumably result from 
ultrathin sectioning of single cleaved nuclei (TEM x 3,750). 


Fig. 4. Thymus: Nuclear shape 

Compared with the cloverleaf pattern, this nucleus shows shallow clefts (TEM x 6,000). 



Fig. 5. Thymus: Nuclear shape 

Tumor cell nuclei are irregular in contour, and one cell apparently shows a partially folded 
nucleus (lower right) (TEM x 4,500). 


Fig. 6. Thymus: Cytoplasmic organelle 

Electron-dense bodies are located at one pole of the cell, but are not organized into a compact 
mass (TEM x 12,000). 
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Discussion 


In a bovine thymic lymphoma, the neoplastic lymphocytes were considered to be of thymic T-cell origin based on the immunostaining of 
formalin-fixed, paraffin-embedded tissue sections using a rabbit anti-human T-cell, CD3 polyclonal antibody 1 ). This antibody has been used 
for the identification of T-cell lymphomas in other animals including dogs, cats 3 ), pigs 19 ) and a monkey 16 ). On the other hand, MHCII and 
CD79a were useful B-cell markers, respectively, in bovine and equine lymphomas 2 ’ 18 . 22 ) and in various animal species 3 ’ 15 ’ 19 ). The present 
case where a reaction with CD3 alone was observed could be categorized as a T-cell lymphoma. 

The presence of clustered dense bodies, which have been identified as lysosomes, was reported to be an ultrastructural characteristic of T-cell 
neoplasms in humans 24 ), pigs 6 ' 8 ) and a monkey 16 ). Similar bodies have been described in bovine cutaneous lymphomas derived from 
T-cells 12 ’ 13 ), and were also observed in our case though the majority of them was not as compactly arranged. 

In humans, follicular center cells sometimes display cleaved nuclei, which are considered to be the most important cytological finding in 
B-cell lymphomas, whereas nuclear convolution is characteristic of T-cell lymphomas 17 ). Thrall et al. 2 °) demonstrated the presence of 
nuclear convolution in a canine cutaneous lymphoma resembling Sezary syndrome in man. In bovine cutaneous lymphomas, by contrast, the 
tumor cells contained round, oval or cleaved nuclei 5 ’ 12 ’ 13 ). In a canine mediastinal lymphoma, the cells showed cloverleaf-like, convoluted 
nuclei 9 ). Likewise, convolution or multilobation was observed in swine thymic T-cell lymphomas 7 ’ 8 ). Although Parodi et al. 14 ) reported that 
the convoluted form of tumor cells was confirmed by electron microscopy in bovine thymic lymphomas, the nuclei showed only a slight 
irregularity in the electron micrograph. In our case, slightly irregular or cleaved nuclei were detected. A few nuclei appeared to be more 
irregular, but were partially indented in contrast to convoluted nuclei with extensive folding 20 ). Such an irregularity could be interpreted as a 
variation of cleavage 11 ’ 17 ). Conversely, nuclear convolution was reported to be present in cases of bovine B-cell lymphoma 18 - 23 ), although no 
ultrastructural examination was performed. 

Lymphoproliferative diseases resembling mycosis fungoides (cutaneous T-cell lymphomas) are uncommon in dogs, and nuclear indentation 
or lobulation is generally less conspicuous than in humans and is not usually detected by light microscopy 10 ). Vemau et al. 23 ) classified 
bovine lymphoid neoplasms observed by light microscopy based on the tumor cell size and nuclear shape, and presented high power 
photomicrographs depicting nuclear convolution or cleavage. The tissues, however, seemed inadequately preserved for cytological 
observation, because the tumor cells showed indistinct cell boundaries with or without pyknotic nuclei. In the subsequent study, Vemau et 
al. 22 ) reported the absence of correlation between the immunophenotype and cell type or nuclear morphology in bovine B-cell lymphomas. 
The identification of nuclear profiles may be difficult in routine paraffin-embedded sections 4 ), and there is no convincing ultrastructural 
evidence of nuclear convolution in bovine T-cell lymphomas. 
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Abstract 

After castration of 2 male Japanese Black calves, hemangiopericytomas developed in the subcutis near 
the scrotum. Their pericytic origin was demonstrated by the absence of focal densities, positive 
immunoreactivity for alpha smooth muscle actin, and absent staining for desmin. A similar neoplasm has 
been reported in a castrated male Japanese Black calf. It is considered that hemangiopericytomas in 
calves may be closely related to castration and certain bovine breeds. 

Discipline: Animal health 
Additional key words: castration 
T..t2): References 


Introduction 

Hemangiopericyoma is a relatively common subcutaneous neoplasm of dogs that is considered to 
originate from pericytes, but the tumor cells have never been unequivocally proven to be pericytes by 
histochemical and electron microscopic examination 5 ). In contrast, a bovine hemangiopericyoma was 
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considered to be of pericytic origin based on immunohistochemical and ultrastructural findings 7 ). Here 
we describe 2 additional cases of hemangiopericytoma. It is assumed that such tumors may occur mainly 
in castrated male Japanese Black calves. 


Materials and methods 

Case 1 was an 8-month-old, castrated male Japanese Black calf exhibiting 2 tumor masses (4x3 cm) and 
3 smaller ones (2 x 1.5 cm) near the scrotum. These subcutaneous tumors, protruding above the surface 
of the skin, could be surgically excised with minimal bleeding, because they were not connected to the 
underlying musculature. Case 2 was an 8-month-old, castrated male Japanese Black calf with a raised 
tumor nodule (4.5 x 2 x 1.5 cm) in the subcutis near the scrotum. The tumor, which was surgically 
removed, was not encapsulated and showed somewhat indistinct borders. All the tumors in cases 1 and 2 
were similar macroscopically. The tumors were rubbery in consistency, and were grayish white to pink in 
color. 

Tissues were fixed in 10% buffered formalin, embedded in paraffin wax, cut at 4 p m, and stained with 
hematoxylin and eosin (HE). For immunohistochemistry (IH) and electron microscopy (TEM), 
formalin-fixed tissues were treated as described previously 4 ’ 7 ). 


XK'Kl 
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Results and discussion 


The neoplasms in cases 1 and 2 showed very similar histological, immunohistochemical and ultrastructural features. The 
neoplastic tissues in cases 1 and 2 were present in the dermis and subcutis, and the borders with surrounding connective 
tissue were well defined. The tumor tissues were composed of diffusely distributed cells, and there was an edematous, 
mucinous or fine fibrillary stroma between the cells. In some areas, neoplastic cells grew in a storiform pattern (Fig. 1), 
and it was uncommon to find cells arranged in a concentric fashion around blood vessels with varying sizes (Figs. 2, 3) 
or hair follicles. The most predominant cells were slender spindle cells with fusiform nuclei. However, some cells were 
larger in size and varied from plump spindle cells to ovoid or stellate cells, with large oval nuclei. Mitotic figures were 
seldom observed. 


Immunohistochemically, the neoplastic cells in cases 1 and 2 were positive for vimentin, and the vast majority were also 
positive for alpha smooth muscle actin (SMA) (Fig. 4). Desmin-positive neoplastic cells were absent. 
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Fig. 1. Case 1: Intertwining bundles of slender spindle cells produce a typical storiform pattern (He x 100) 

Fig. 2. Case 1: Blood vessels of various sizes (arrows) are present in the center of concentric whorls of tumor cells (HE x 200) 

Fig. 3. Case 2: Tumor cells form whorls around capillaries that contain red blood cells (arrows) (He x 200) 

Fig. 4. Case 2: Tumor cells showing SMA positivity are arranged in fascicles and encircle a hair follicle (right) (IH x 200) 

In both cases the most outstanding ultrastructural feature of the neoplastic cells was the presence of extremely elongated 
cell processes, from which a large number of microvillous projections protruded in case 2 (Figs. 5, 6), while they were 
inconspicuous in case 1 (Fig. 7). The rough endoplasmic reticulum (RER) was moderately well developed. 
Subplasmalemmal densities could be observed, unlike focal densities. In case 2, a few cells showed highly irregular 
nuclear contours or contained glycogen particles (Fig. 8). 
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In a bovine hemangiopericytoma 7 ), the tumor cells, characterized by a perivascular whorl formation, SMA positivity and 
absence of focal densities, were considered to have arisen from a pericyte 7 ). Because the same features could be 
confirmed, the present neoplasms were diagnosed as hemangiopericytomas. The perivascular whorled pattern, however, 
was less conspicuous compared with that in the previous case, and in the neoplasms described here tumor cells were 
arranged distinctly in a storiform pattern in some areas. It is highly probable that such neoplasms have been mistakenly 
diagnosed as fibroblastic or fibrohistiocytic tumors showing a storiform pattern. 



Fig. 5. Case 2: Many microvillous projections protrude from the surface of tumor cells (TEM x 3,750) 

Fig. 6. Case 2: A capillary containing erythrocytes is surrounded by tumor cells with microvillous projections (TEM x 4,500) 

Fig. 7. Case 1: As shown in Fig. 5, tumor cells display long slender cytoplasmic processes, with few microvillous projections (TEM x 
3,750) 

Fig. 8. Case 2: Aggregates of glycogen particles (arrows) are detected in a cytoplasmic process, and the nucleus of an adjoining 
tumor cell shows an irregular contour (TEM x 9,000) 

As in the case of bovine hemangiopericytoma, the typical histological pattern in canine hemangiopericytomas is 
characterized by the presence of layers of tumor cells arranged in a concentric fashion around a small central lumen, but 
this pattern is often lacking and the lumen is mostly devoid of any erythrocytes 3 ’ 9 ). Madewell et al. 6 ) showed that canine 
hemangiopericytomas were ultrastructurally similar to their human counterpart neoplasms, which apparently differed 
from canine and bovine hemangiopericytomas in the growth pattern 7 ). In contrast, Perez et al. 8 ) considered that canine 
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hemangiopericytomas were pericytic in origin based on the following immunohistochemical results; muscle actin was 
expressed by some tumor cells in 22 out of 44 cases analyzed, but desmin was absent. It is, however, difficult to rule out 
the possibility that the actin-positive, desmin-negative cells were myofibroblasts, because myofibroblasts were 
indistinguishable from pericytes by immunohistochemistry alone 4 ’ 11 ). Thus, there is a considerable controversy 
regarding the histogenesis of canine hemangiopericytomas, and there has never been a conclusive evidence that they are 
derived from pericytes 5 ’ 9 ). 

Trauma is related to human soft tissue sarcomas 10 ) and testicular tumors 12 ), but the etiological role has not been 
determined. A Sertoli cell tumor was detected in a bullock, but its exact etiology was unknown 2 ). It was suggested that a 
vulval myofibroblastoma in a cow was affected by sex hormones 1 ). Because the present and previous neoplasms 
occurred at sites different from operation wounds 7 ), a hormonal imbalance after castration may have contributed to the 
development of the neoplasms. In addition, since the tumors occurred in 3 young animals of the same breed, it is 
suggested that Japanese Black calves may be prone to the development of hemangiopericytomas. 
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Abstract 

In March 1997, outbreaks of foot-and-mouth disease (FMD) affected pigs in Taiwan. To assess the 
potential risk of transmission and spread of FMD, a survey on normal movement pattern in livestock 
farms was carried out in Kagoshima Prefecture, Japan. In a total of 20 farms (9 for pig farrow-to-finish 
operations, 6 beef cattle farms and 5 dairy cattle farms) participating in the survey, all the movements to 
or off the farms (e.g. animals, materials and people / number of contacts and destination) were recorded 
daily over a period of one-week using a questionnaire. The movements were classified into 4 grades: risk 
4 (very high) to risk 1 (low), respectively, assigned to the types of contacts. The movements off the farm 
were more frequent than those to the farm in each livestock farm. In particular the movements off the pig 
farms were concentrated on animal shipping to slaughterhouse with grade risk 4. Mean distance of 
shipping also extended over a radius of more than 20 km of the control zone for FMD emergency in 
Japan. Should an outbreak of FMD be detected in a pig farm, FMDV might, therefore, have already 
spread prior to the diagnosis of the disease over the FMD control zone. 

Discipline: Animal health 

Additional key words: epidemiology, risk analysis 
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Introduction 

Foot-and-mouth disease (FMD) which is a highly contagious viral disease that affects primarily 
cloven-hoofed animals, often with serious economic consequences, is classified into list A of animal 
diseases to be reported to the Office International des Epizooties (OIE)3). The outbreak of FMD can 
result in a dramatic decrease in livestock productivity and loss of foreign markets for livestock and 
animal products2). 
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The Potential Risk on Transmission and Contacts of Foot-and-mouth Disease in Kagoshima Prefecture, Japan 

Foot-and-mouth disease vims (FMDV) is present in all the physiological secretions of infected animals. 
High 

concentration of FMDV can be detected in the saliva hours before clinical lesions appear and in feces 
and milk up to 4 days before clinical signs occur. Thus, infected animals not yet showing clinical signs of 
the disease may be efficient transmitters of the virusl). 

Since March 1997, outbreaks of FMD caused by the porcinophilic strain of the vims have affected pigs 
in Taiwan4). The Japanese Government has strictly regulated the ban on importation of all animals and 
animal products from Taiwan. 

If an outbreak of FMD occurs in Japan, all the movements of the animals and animal products would be 
restricted to limit the spread of FMD to the control zone within a radius of 20 km based on the Manual 
for Control of Overseas Animal DiseasesS). A model that predicts the direction and extent of all the 
livestock movements within the control zone prior to an outbreak of FMD is expected to be developed in 
Japan, because, in New Zealand, a decision support system (DSS) has already been developed to help 
control a FMD emergency: EpiMAN (NZ)7). A similar DSS for use in the EU was also developed as 
EpiMAN (EU)6). 

In order to confirm FMD dissemination through normal movements relating to animals, materials and 
people from infected premises, a questionnaire survey was conducted on the movements during a period 
of one-week in Kagoshima Prefecture, Japan. In this paper the potential risk of transmission and spread 
of FMD was assessed based on the results of the survey. 
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Materials and methods 

1. Selection of the pilot area 

The pilot area was selected in close cooperation with the Aira Livestock Hygiene Service Center, Kagoshima Prefecture, and set up 
approximately in the same way as the FMD control zone, around infected premises, within a radius of 20 km in the Aira region. 

The area was located on the border of neighboring 2 Prefectures (Kumamoto and Miyazaki), as shown in Fig. 1. 




Fig.l. Location of the pilot area tin the Aria region, Kagoshima Prefecture, Japan 

2. Data collection 

As shown in Table 1 , a total of 2,191 livestock farms with pigs or cattle were located within the pilot area. Also, the pilot area was 
characterized by a high density of pigs and a large number of small holders of beef cattle for breeding. Then, 20 farms within the 
pilot area were selected for the survey through the Aira Livestock Hygiene Service Center. The farms consisted of pig 
farrow-to-finish operations (9 farms), beef cattle for breeding (6 farms) and dairy cattle farming (5 farms). 

A questionnaire survey was conducted during a period of one-week between August 26 and September 1, 1997. The participating 
farmers were visited and veterinary inspector officers of the Aira Livestock Hygiene Service Center asked questions about general 
issues and livestock management. The farmers were also asked to record all the movements to or off their farms (e.g. animals, 
materials and people / number of contacts and destination) everyday for a period of one-week using a questionnaire. 

For animal movements to or off the farm the following data were recorded: date, species, number of animals in transport, own 
vehicle used for transport ("Yes" or "No"), origin and destination address and types (e.g. farms with pigs or cattle, agricultural 
cooperatives, live-animal market, animal traders, slaughterhouses or others). 

3. Definition of potential risk of transmission and spread of FMD 

Risk and types of contacts were designed assuming that the farm had been recently infected with FMD, but with the animals not 
showing any clinical signs. Classification of the potential risk of transmission and spread of FMD was based and modified 
according to the expert rules developed in New Zealand 7 ) or The Netherlands 6 ). The types of contacts were classified into 4 grades 
of risk, as shown in Table 2. Also, the movements were divided into 2 types (to or off the farm). As a result, all the movements 
were classified into 9 categories of risk assigned to the types of contacts: 5 <to> and 4 <off> the farm, as shown in Table 3. The 
distance (km) between the origin and destination of the movements was defined as the shortest way in a road map. 

4. Data compilation and analyses 
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All the data were coded and entered into Excel (Microsoft) on a personal computer. For example, a cross-assortment of the types of 
contacts or their distance for each farm was carried out using spreadsheets of Excel (Microsoft) for a period of one-week. All the 
data analyses were carried out according to the procedures of the SAS program 8 ) with HP-9000 UNIX workstation on MAFFIN 
(Ministry of Agriculture, Forestry and Fisheries Information Network, Tsukuba). Continuous data such as number or distance of 
contacts were analyzed using UNIVARIADE and GLM procedures of the SAS program 8 ) 
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Table 1 


Table 1. Livestock conditions in the pilot area 3 ) 


Animals 

Number of farms 

Population 

Pigs 

71 

186,690 

Beef cattle 

2,061 

21,200 

Dairy cattle 

59 

2,910 


a): The pilot area was set up in the Aira region (Kagoshima Prefecture) within a radius of 20 km. 
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Table 2 

Table 2. Classification of risks and types of contacts for foot-and-mouth disease 


Grade 

Risk 

Type of contact 

4 

Very high 

Susceptible animals 

3 

High 

People or vehicles with animal contact 

Animal products (feces, manure or milk) 

Animal feed 

2 

Medium 

Other (non-animal) materials (equipment or straw) 

1 

Low 

People or vehicles without animal contact 
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Table 3 

Table 3. Assignment table of risk for all the movements (to or off the farm) 


Grade 

Categories of movements (a~f<to>/a~.. ,<off> the farm) 

4 

a~| Animal introduction (e.g. other farms, live-animal market, etc.) 
a~... Animal shipping (e.g. slaughterhouse, etc.) 

3 

a~t Visitors related to livestock management (e.g. veterinarians, artificial insemination 

technicians, animal traders, etc.) 

a~... Farmers going out for livestock management 

a~t Purchase of animal feed 

a~... Transportation of feces or manure 

2 

a~t Purchase of livestock materials (e.g. equipment, straw, etc.) 

1 

a~t Visitors in general (e.g. family, friends, mailman, etc.) 
a~... Daily life activities (e.g. shopping, etc.) 
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Results 


Results 

1. Number of contacts during a period of one-week in the livestock farms 

The cross-assortment table for 9 categories of movements for each livestock farm is presented in 
Table 4. As shown in the sum of movements to or off the farm, the movements off the farm were 
more frequent than those to the farm. Particularly, total movements off the farm classified into 
grade 3 (high-risk group), accounted for about 34% (143/423). For the grade risk 4 (very high-risk 
group), the movements were recorded 3 times for animal introduction and 14 times for animal 
shipping. Shipping from the pig farms to the slaughterhouse was recorded 13 times during a period 
of one-week. 

2. Movement patterns during a period of one-week in the livestock farms 

As shown in Table 5, total movements including those to and off the farm during a period of 
one-week were 

not statistically significant among the livestock farms (p=0.537). However, comparison of means 
between the movements to and off the farm was significant (p=0.003). As a result, the movements 
off the farm were more frequent than that those to the farm in each livestock farm. 

3. Distance (km) of grade risk 4 and 3 movements in livestock farms 

The cross-assortment table of the movement distance (km) is presented in Table 6. The mean 
distance of the movements from the origin to the farm ranged from 15 to 58 km, and that off the 
farm to the destination from 3 to 153 km. In particular, the mean distance of animal shipping, for 
grade risk 4, from the pig farm to the slaughterhouse exceeded the radius of 20 km of the control 
zone for FMD emergency in Japan. Also the movements, namely "farmers going out", for grade 
risk 3, varied and covered a very long distance (e.g. maximum 900 km for pig or 116 km for beef 
cattle farms). 


Discussion 

Under the WTO system, increased trade of livestock, decreased transit time of animals and animal 
products, and changes in sanitary standards between exporting and importing countries may result in the 
exposure to FMD and accidental reintroduction of FMD into Japan. Also, because the last outbreak of 
FMD in Japan was recorded in 1933 and due to the limited number of cases under quarantine, most of the 
livestock farmers or persons related to animal health in Japan have not been familiar with the disease for 
a long period of time. 

In March 1997, suddenly, outbreaks of FMD associated with smuggled pork from Mainland China 
affected pigs in Taiwan. Prior to the recognition of the outbreaks, Japan was importing large quantities of 
pork products (about 260,000 metric tons) from Taiwan. It was considered that the overall risk of 
transmission of FMD to Japan due to the outbreaks in Taiwan might be very high at that time. If an 
outbreak of FMD were to occur in Kagoshima Prefecture, since Kagoshima has the largest livestock 
number and quantity of animal products, particularly in the case of pigs in Japan, economic damage 
would markedly affect the animal industry in this area. 
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Results 


Thus, this was the first opportunity to survey FMD in Japan, in spite of the small scale of the 
investigations that covered only 20 livestock farms and a period of one-week in Kagoshima Prefecture 
compared with the experience of New Zealand 7 ) or The Netherlands 6 ). 

On the other hand, through the survey, the transmission and spread of FMD from infected premises were 
determined. For instance, we observed that the pig farms, in particular, those for large-scale 
farrow-to-finish operations, were frequently shipping animals to slaughterhouses, as shown in Table 4. 
Furthermore, the mean distance of shipping exceeded the radius of 20 km of the FMD control zone (50.3 
km in Table 6). Moreover, the movement of "farmers going out for livestock management" was recorded 
in 83 instances in the 20 farms and the distance covered by the movement ranged from 900 to 3 km 
(mean: 152.8 km). 

Therefore, the survey was useful for FMD control as information on the potential risk of transmission 
and spread of FMD could be obtained. These data showed that, if an outbreak of FMD were to be 
detected in a pig farm, FMDV might, therefore, have already spread prior to diagnosis of the disease over 
the FMD control zone. Then, the introduction of animals and animal products affected with FMDV from 
countries with FMD into Japan should be strictly prohibited through a variety of regulations. 
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Table 4 

Table 4. Cross-assortment table of risk grades for all the movements and livestock farms during a period of one-week 


Grade 

Item 

Livestock farm 

Sum 

Pigs 

(9 farms) 

beef cattle 
(6 farms) 

dairy cattle 
(5 farms) 

4 

Animal introduction 

2 

0 

1 

3 

3 

Visitors related to livestock 
management 

17 

16 

20 

53 


Purchase of animal feed 

32 

3 

7 

42 

2 

Purchase of livestock materials 

1 

3 

3 

7 

1 

Visitors in general 

34 

24 

14 

72 


Sum of movements to the farm 

86 

46 

45 

177 

4 

Animal shipping 

13 

0 

1 

14 

3 

Farmers going out for livestock 
management 

23 

38 

22 

83 


Transportation of feces or manure 

27 

16 

17 

60 

1 

Daily life activities 

31 

29 

29 

89 


Sum of movements off the farm 

94 

83 

69 

246 


Total 

180 

129 

114 

423 
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Table 5 

Table 5. Comparison of the number of movements to or off the farm in each livestock farm during a period of one-week 


Livestock farm 

Number of 
farms 

Frequency of all movements 

Mean frequency 15 ) 

Mean 3 ) 

SD 

off 

to 

Pigs 

9 

20.0 

5.12 

10.4 

9.6 

Beef cattle 

6 

21.5 

4.85 

13.5 

8.0 

Dairy cattle 

5 

22.8 

2.17 

13.8 

9.0 


a) : Comparison among livestock farms was not significant (p=0.537). 

b) : Comparison between two means of to / off the farm was significant in each livestock farm (p=0.003) 
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Table 6 

Table 6. Cross-assortment table of risk grades (very high and high) for movement distance (km) and livestock farms 




Livestock farm 

Grade 

Item 

Pigs 

beef cattle 

dairy cattle 



(9 farms) 

(6 farms) 

(5 farms) 

4 

Animal introduction 

32.5 a > 

50 - 15 b > 

-c) 

30 

30-30 


Visitors related to 

57.5 

75-2 


15 

25-5 

3 

livestock management 



Purchase of animal feed 

54.9 

130-2 

21.7 

60-1 

24.4 

45 - 17 

4 

Animal shipping 

50.3 

115-4 


60 

60-60 


Farmers going out for 

152.8 

7.2 

5.7 


livestock management 

900-3 

116-1 

20-1 

3 

Transportation of feces or 

3 

3.5 

10 


manure 

3-3 

7-1 

20-3 


a): Mean (km), b): Maximum - minimum (km), c): No data 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-3/ogawa/t6.htm [10/7/2002 9:05:25 PM] 












Evaluating Alternative Farming Systems by 


Evaluation of Alternative Farming Systems by 
Multicriteria Analysis 

Kiyotada Hayashi* 

Department of Integrated Research for Agriculture, Tohoku National Agricultural Experiment Station 
(Morioka, Iwate, 020-0198 Japan) 

Permission: Parts of this paper are reprinted from Agricultural Systems, 58(4), Kiyotada Hayashi, 
Multicriteria aid for agricultural decisions using preference relations: methodology and appliction, 
483-503, ©(1998), with permission from Elsevier Science. 

* Corresponding author: fax +81-19-641-7794, e-mail hayashi@affrc.go.jp 

Received 1 December 1999, accepted 28 December 1999. 


Abstract 

A methodology was presented for selecting a farming system from multiattribute discrete alternatives by 
multicriteria analysis. An ex ante evaluation of vegetable production systems was performed in addition 
to a review of previous case studies to demonstrate the usefulness of this methodology and difficulties in 
applying it. The various methods used in the studies were classified into 3 groups: the compensatory, the 
non-compensatory, and the distance-based approaches, and were reviewed from a practical viewpoint. 
Since problems with weighting occurred in many case studies, special attention was paid to weights, 
especially to their meaning and the way to assess them. On the basis of this discussion, a method using 
multiattribute value functions was utilized for the evaluation. Labor-saving vegetable production systems 
under development, in which a self-propelled harvester was introduced and thinning was eliminated, 
were compared with the conventional system at the farm level based on criteria of profitability and 
farmwork characteristics. Determination of which labor-saving production system appears more 
desirable and a framework to effectively investigate “what-if ’ questions were provided. 

Discipline: Agricultural economics 

Additional key words: multiattribute value functions, vegetable production system 

1... 14) References 


Introduction 

Many alternative technologies have been proposed for improving farm management. For example, 
production systems using innovative farm machinery and management practices to mitigate 
environmental degradation have been studied; results related to profit and loss, working hours, ease of 
labor, soil erosion, chemical and nutrient contamination, etc., were analyzed or estimated using field 
experiments, survey methods and simulation techniques. These kinds of information are by themselves 
considered to be useful for farmers and extension services. 
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The attributes used for measuring the performance of the systems, however, are in general conflicting 
with each other. Costs increase when labor-saving machinery is introduced into farm management; 
margins may decrease when management aims at preserving the environment. Therefore, it is necessary 
to determine how to evaluate and select a farming system. 

The purpose of this study was to develop an approach to select a multiattribute discrete alternative using 
multicriteria analysis. In Section 2 the methodology was outlined and difficulties were explained through 
a review of previous studies. In Section 3 the methodology was applied to the evaluation of labor-saving 
production systems for vegetables. 
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Methodology and review of previous studies 

Methodology and review of previous studies 

In this study farming systems were evaluated through solving the following decision problem: to select a solution from a discrete set of alternatives using 
a set of criteria. These problems (selection problems 11 )) have been studied by discrete multicriteria analysis which attracts much attention because of its 
ability to deal with ill-structured problems as compared with multiobjective programming (continuous multicriteria analysis). 

The methods were classified into 3 groups. First, in the compensatory approach, multiple attributes were aggregated into overall values by, for example, 
multiattribute value (utility) functions in which the concept of tradeoffs plays a crucial role. Second, in the non-compensatory or outranking approach, 
aggregation procedures based on concordance and discordance concepts were introduced; the concepts were derived from outranking relations, which 
indicate that an alternative is at least as good as another one. Third, in the distance-based approach such as compromise programming, the distance 
between an ideal point and the alternative was minimized. 

In the following part, previous case studies will be reviewed and the difficulties in applying these methods will be outlined 6 ’ 7 ). After surveying 
compensatory approaches such as methods using multiattribute value functions, other methods including outranking approaches will be considered. 

A method based on an additive multiattribute model has been widely applied for ranking alternatives using an importance order of attributes without 
specifying numerical values of attribute weights 8 ’ 9 ’ 14 ). Farming practices were evaluated from the viewpoint of profitability and environmental quality of 
soil and water. The method, however, was associated with the following problems. (1) The meaning of rank-ordered weights based on the relative 
importance of attributes was ambiguous. (2) The intervals of overall values were sometimes too wide to make decisions (to develop dominance 
relationships). (3) The fact that the structure of a value tree (a hierarchy of criteria) may affect the final results was not taken into account. Another 
method using ranking information on weights (pairwise ranking) has been applied for assessing alternative cropping systems from profitability and 
environmental quality perspectives 3 ). The weighting procedure of the method, however, was also based on intuitive meaning, although weights based on 
importance judgments, not derived from attribute ranges, may distort rescaling of single-attribute value functions. 

A common technique to alleviate the range problem is swing weighting. This technique has been applied to the evaluation of vegetable production 
systems from the viewpoint of profitability and farmwork 4 ). Since the first step of the assessment is the development of a rank order, the ranked swing 
weights are also applicable to case studies instead of using intuitive ranked weights. 

An outranking approach has been utilized for sorting cropping systems based on their impact on groundwater quality 1 ). The revised "weighting with 
cards" method 2 ) has been used, although the concept of weights is quite different from the case of additive multiattribute value functions. The concept of 
weights which does not involve tradeoffs has also been used in the Analytic Hierarchy Process (AHP), though the aggregation procedure is based on 
compensation. Although this method has been applied to the evaluation of alternative farming systems 10 ’ 12 ), there are numerous limitations related to the 
notion of weights 5 ); the method has been criticized even by advocates of outranking approaches 2 ). The differences in the interpretation of weights suggest 
that using more than one type of methods may complicate the interpretation 6 ’ 13 ), although it seems to be a safe approach and some authors follow that 
procedure; for instance, the AHP and compromise programming are used for the same example 12 ). 


An application: evaluation of labor-saving production systems 

In this section an application of multiattribute value functions is presented. The decision problem this case study addressed is whether to introduce 
labor-saving production systems for daikon (.Raphanus sativus L.) cultivation. The issue is the tradeoff relationship between profitability and working 
hours with reference to ease of labor. The decision maker was a representative farmer at Hiruzen Heights (440-520 m elevation) in the northern part of 
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Okayama Prefecture, Japan. Since this is an ex ante evaluation, interval representation was introduced into models to cope with imprecision and 
uncertainty in data as well as in preferences 4 ). 

1) Evaluation criteria 

Farm profitability and farmwork characteristics were used as 2 main criteria that summarize the information contained in many indicators for the 
evaluation. Fig. 1 illustrates the calculation process. Since the profitability is based on the profit before accounting for unpaid family labor, there is 
no overlap or redundancy between the 2 attributes. Farm profitability was based on the net profit, which is affected by the percentage of 
germination, the percentage of the number of openings with germination to the total number of openings in plastic mulch, and the percentage of a 
yield of high quality to a gross yield. Farmwork characteristics were derived from working hours for each task such as seeding or harvesting. 

2 ) Alternatives 

Farming systems, alternatives in decision analytic terminology, can be defined as combinations of components and were developed using the 
strategy-generation table shown in Table 1. The following 3 production systems for daikon were generated: 

1. The conventional system, in which 2 (or 3 in the case of seeding, thinning, harvesting, and carrying) family workers (plus a few hired workers for 
thinning) cultivate a farm of 5 ha by sowing 2 seeds per opening in a plastic mulch and harvesting by hand. 

2. The first improved alternative (labor-saving alternative A, LS-A for short), in which 2 (or 3 in the case of seeding, harvesting, and carrying) family 
workers cultivate a farm of 5 ha by sowing 1 seed per opening to eliminate thinning work and harvesting with a self-propelled harvester to improve 
the ease of the work. 

3. The second improved alternative (LS-B), which is the same as LS-A except that seeding and harvesting labor is entrusted to an agricultural 
cooperative. 

3) Results 

Overall values of each alternative were obtained through the aggregation of weights for each attribute and single-attribute values. The swing 
weight for profitability was 0.769 and the weight for farmwork characteristics was 0.231. Sensitivity to the weights will be analyzed later. The 
values are shown in Table 2 . 

Using the overall values, the relationship among alternatives is represented graphically as (7) in Fig. 2. The representation shows that the 
conventional system was weakly preferred to LS-A, the conventional system and LS-B were indifferent, and LS-B was weakly preferred to LS-A. 
Since this is a preliminary analysis of new production systems, sensitivity analysis is expected to provide significant results. Thus, the following 
discussion will focus on the effects of changes in value judgments and in technical improvements. 

The stability of the current results can be represented by weight intervals within which the preference relations do not change. For example, the 
current relation (7) does not change within VTj = [0.718, 0.784] and W 2 = [0.216, 0.282], The stability of the results can be expressed as intervals of 
data that preserve the preference relations in the same way. The current relation (7) does not change within the interval of yield per unit that 
fluctuates from 0.68 to 1.12 times of the current level provided that the ratio of the high quality price to the low quality price does not change. 

As Fig. 1 shows, the percentage of germination and the percentage of a yield of high quality to a gross yield affected the net profits and 
consequently overall values. These effects can be examined in a two-way sensitivity analysis. Fig. 3 illustrates the results. A point on the graph 
was defined by a pair of parameters; the first number is the percentage of openings with germination; the second number is the ratio of the 
percentage of high quality in the labor-saving systems (LS-A or LS-B) to the percentage of high quality in the conventional system. The regions 
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surrounded by lines, which were numbered from (4) to (11), correspond to the preference relations shown in Fig. 2. The status quo was located at 
(0.9, 0.8). The figure shows that if improvements in the percentages were to be realized, LS-A and LS-B would be preferred to the conventional 
system, although neither of them would be strictly preferred to the conventional system due only to these technical improvements. 
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Fig.3. Effects of technical improvements 


Concluding remarks 

Research on the relationship between farm income and labor utilization is important for evaluating a farming system as illustrated already; it is a 
traditional theme and many case studies using multiobjective programming or goal programming have employed these criteria 7 ). However, the growing 
concern about the severity of environmental problems such as pollution of groundwater, which may account for the recent increase of case studies using 
multicriteria analysis, will require that more complex problems be dealt with. Since criteria and alternatives do not exist beforehand and decision makers 
and perspectives are plural in that case, attention should be paid to problem structuring. 
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Table 1. Generation of alternatives 
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Table 2 . Values of the alternatives 


Attribute 

Vi(LS-A) Vi(LS-B) Vi (Con.) 

1. Profitability 

2* Farmwork characteristics 

2L Land preparation 

22. Seeding 

23. Thinning 

24. Weeding 

25 . Chemicals application 

26a. Harvesting and handling (by hand) 

[0.215,0.215] [0.212,0.212) [0.309,0.309] 
[0.698.0.832] [0.810,0.886] ]0.457,0.681) 
[0.300, 0.5931 [0.300,0.593] [0.300.0.593] 
[0.269.0.67!] 11.000,1.000] [0.269.0.671] 
[1.000,1,000] 11.000.1.000] 10.400,0.733) 
[0.375,0,375] [0.375,0.375] [0.375,0.375] 
[0.247,0,592] [0.247,0.592] [0,247.0.592] 
[1.000,1.000] [1.000.1.000] [0.320,0.5001 


26b. Harvesting and handling (by machine) [0.375,0.479] |0.583,0.653] [1.000,1.000] 
27. Washing, grading, and shipping [1.000,1.000] [1.000, 1.000] [1.000.1.000] 


28, Land clearing 

[0.737,0.737] [0.737,0.737] [0.474,0,474] 
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Abstract 

Experiments were carried out to analyze the root and water dynamics simultaneously using a 
minirhizotron on an Alfisol soil in the semi-arid tropics in 1993. Sorghum (CSH 5), pearl millet (ICMV 
221), pigeonpea (ICP 1-6), groundnut (ICGS 11) and cowpea (EC 82-7) were used to describe the 
relationship between the root length density (RLD) and water uptake by roots per day (WU). During the 
periods from 37 to 46, from 51 to 59 and from 72 to 77 days after sowing, the average values of RLD of 
sorghum and pearl millet at the soil depth of 15-60 cm were consistently higher than those of pigeonpea, 
groundnut and cowpea, whereas the average values of WU of the cereals were not always higher than 
those of the grain legumes. Thus, there was no significant relationship between RLD and WU for the 5 
crops due to the higher values of the specific root water uptake (SRWU) of grain legumes than those of 
cereals in each period. In this study, it was demonstrated that WU and SRWU as well as RLD for the 5 
crops could be estimated by using the minirhizotron since dynamic values of the root length of the 5 
crops and soil moisture content (SMC) in each soil layer could be quantified from data-sets by frequent 
observations and with limited sampling errors. Therefore the minirhizotron was found to be a suitable 
tool for simultaneous monitoring of the root and water dynamics in soil layers except for the soil surface. 

Discipline: Crop production 

Additional key words: cereals, grain legumes 
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Introduction 

The minirhizotron method, which is a nondestructive, rapid and efficient root measurement technique, 
was applied to observe root development using a microvideo camera in the observation tube^A). In a 
similar manner, the soil moisture content (SMC) was estimated by a neutron probe method using an 
aluminum tube. The minirhizotron and the neutron probe methods are nondestructive and allow 
continuous observations from the same spot in different soil layers. Thus, these methods are suitable for 
monitoring time-course changes in root development and SMC. Since the tubes using the minirhizotron 
and the neutron probe methods are usually embedded in soil separately, it is difficult to estimate the 
relationship between the root and water dynamics due to soil heterogeneity, artifacts of tube installation 
and so on. As few studies have been carried out to minimize these factors, attempts were made to analyze 
the root and water dynamics in situ simultaneously. In our previous study2), since there was a close 
positive correlation of neutron counts between aluminum and acrylic tubes, we were able to estimate 
SMC even by using the acrylic tube based on the following regression equation: 
y = 0.97 x - 0.044, r 2 = 0.99, where x represents the neutron count for the soil moisture measurement 
using an acrylic tube and y that using an aluminum tube. The objective of this study was to determine 
whether the minirhizotron was a suitable tool for simultaneous monitoring of the root and soil water 
dynamics in soil layers. 


Materials and methods 

The experiment was conducted during the 1993 rainy season on an Alfisol at ICRISAT Asia Center, near 
Hyderabad, India. The initial characteristics of the soil in the experimental area were as follows: pH, 6.78 
(1:2 soil/water ratio); inorganic N content, 22.9 mg kg -1 soil and NaHCCb-extractable P, 3.34 mg kg -1 
soil. Medium duration pigeonpea (Cajanus cajan L. Millsp. cv. ICP 1-6), hybrid grain sorghum 
(Sorghum bicolor L. Moench cv. CSH 5), pearl millet (Pennisetum glaucum L.R.Br. cv. ICMV 221), 
groundnut (Arachis hypogaea L. ICGS 11) and cowpea (Vigna sinensis Endl. cv. EC 82-7), which are 
staple food crops in the semi-arid tropics, were sown on broad beds on 25 June 1993. Spacing for the 
sole crops was as follows: for pigeonpea, 75 x 20 cm; sorghum, 50 x 15 cm; pearl millet, 50 x 15 cm; 
groundnut, 37.5 x 10 cm and cowpea, 50 x 10 cm. All the plots received a uniform basal application of 
25 kg N ha -1 as urea and 20 kg P205 ha -1 as single superphosphate prior to sowing, which were 
incorporated into the soil up to 20 cm by disc plowing before sowing. The experimental layout consisted 
of a randomized complete block design with 3 replications. The size of each plot was 6 x 12 m, 
consisting of 12 broad beds with a 90 cm width. Heading of pearl millet and sorghum occurred at 51 and 
78 days after sowing (DAS) and flowering of groundnut, cowpea and pigeonpea occurred at 30, 51 and 
142 DAS, respectively. The crops were harvested at maturity, 85 DAS for pearl millet and cowpea, 114 
DAS for groundnut and sorghum and 209 DAS for pigeonpea. 
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Monitor, Video lap* recorder. 
Camera conirol unit. Batteries 



Fig.l. Diagrammatic representation of the minirhizotron 

Root length of the crops was measured by the minirhizotron method (CIRCON MV9011 agriculture 
system with MV9390 color CCD microvideo camera) at 31, 46, 60, 74, 84, 105, 143 and 169 DAS. The 
transparent plastic minirhizotron tubes (58 mm in diameter and 100 cm in length) were installed at a 45° 
angle between rows of each crop before sowing (Fig. 1). This experiment was carried out in an Alfisol 
with a hardpan layer below 60 cm. Root length at 15 cm intervals up to 60 cm depth was calculated from 
the number of roots observed on a video display 15). Soil moisture was measured with a soil moisture 
meter (Model 3332, Troxler Electronic Laboratories Inc., N.C., USA) at 15 cm intervals up to 60 cm 
depth except at the soil surface using the same transparent acrylic tube as in the minirhizotron method at 
7, 23, 37, 46, 51, 59, 72, 77, 93, 107, 119, 143, 157, 172 and 213 DAS. Usually, SMC at the soil surface 
was measured by the gravimetric method. Thus, we analyzed seasonal changes in SMC at the depths of 
15-30, 30-45 and 45-60 cm, where consecutive data could be obtained in the same spot in this study. The 
values of SMC on a weight basis in each layer were converted to the values on a volume basis by 
multiplication by the bulk density for an estimation of water uptake by roots per day (WU). The values of 
the bulk density at the depths of 15-30, 30-45 and 45-60 cm were 1.69, 1.59 and 1.59 Mg nr 3 , 
respectively. The WU was estimated based on the volume of water extracted within the respective soil 
layers per day. The specific root water uptake (SRWU) referred to the volume of water extracted within a 
soil layer per unit root length per dayL>. 

During this study, rainfall which amounted to 695.2 mm was mainly distributed at the onset of the rainy 
season (June-November) (Fig. 2). Nine, 6 and 7 mm of water were used for irrigation at 79, 143 and 155 
DAS, respectively. 
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Fig.2. Distribution of rainfall and irrigation after sowing 

Horizontal bars indicate periods when the water uptake by roots was measured. 
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Results 

1) Seasonal changes in SMC 

Seasonal changes in SMC at the soil depths of 15-30, 30-45 and 45-60 cm determined with a 
minirhizotron for 5 crops are depicted in Fig. 3-a, b and c, respectively. Water flow was assumed to be 
one-dimensional with the increase in SMC on successive dates being attributed to rainfall and irrigation 
and the decrease attributed to the root uptake. Fluctuation range in SMC was lower at the soil depth of 
15-30 cm, followed by the soil depth of 30-45 cm and the widest range in SMC was obtained at the soil 
depth of 45-60 cm during the sampling period, presumably due to the presence of a hard layer below 60 
cm depth. Since a decrease in SMC on successive dates was obtained during 3 periods from 37 to 46, 
from 51 to 59 and from 72 to 77 DAS before the harvest of pearl millet and cowpea as shown in Fig. 3, 
these periods were selected to estimate the WU of the 5 crops. 

2) Estimation of total root length (TRL), RLD, WU and specific root water uptake (SRWU) of 5 crops 
using the minirhizotron 

The seasonal changes of TRL of the 5 crops are depicted in Fig. 4. The values of TRL of pearl millet and 
sorghum were higher than those of cowpea, groundnut and pigeonpea except at 31 DAS. During the 
periods from 37 to 46, from 51 to 59 and from 72 to 77 DAS, the average values of RLD of sorghum and 
pearl millet at the soil depth of 15-60 cm were consistently higher than those of pigeonpea, groundnut 
and cowpea, whereas the average values of WU of cereals were not always higher than those of the grain 
legumes ( Table 1 ). Thus, there was no significant difference between the RLD and WU of the 5 crops in 
each period (Fig. 5-a, b and c) due to the higher values of SRWU of grain legumes than those of cereals. 
The average values of SRWU for groundnut, cowpea and pigeonpea were higher than those for pearl 
millet and sorghum, namely 2.5 to 5.8 times higher during the period from 37 to 46 DAS, 2.4 to 8.0 times 
during the period from 51 to 59 DAS and 2.5 to 5.8 times during the period from 72 to 77 DAS. 


Discussion 

The main advantage of the minirhizotron method is the ability to monitor root growth and death 
throughout the growing period^. On the other hand, one disadvantage is the quantitative discrepancy 
with the conventional destructive method in the soil surface layers!^}. Katayama et al.hli showed that in 
the surface soil layers, the ratios of RLD observed using the minirhizotron compared with the monolith 
method were below unity, indicating that the RLD value obtained by the minirhizotron is likely to be 
underestimated. Underestimation at the soil surface may be due to the effects of light leaking through the 
top of the minirhizotron tubes above the soil surfaceUJ and to temperature differences at the glass-soil 
interface 7 ’ 12 ’ 15 ) . Katayama et al.!91 reported that the values of TRL of pearl millet and sorghum were 
significantly higher than those of cowpea, groundnut and pigeonpea when the monolith method was used 
due to the higher RLD values of cereals compared with grain legumes at the soil surface. Polley et al.Ul 
reported that the root biomass of the C 4 monocots is concentrated in the upper 20 cm layer of soil. Thus, 
it is assumed that the values of TRL of the 5 crops shown in Fig. 4 were underestimated. 

In this experiment, it was found that the WU of pearl millet and sorghum with higher RLD values was 
not always greater than that of groundnut, cowpea and pigeonpea with lower RLD values due to the 
higher values of SRWU of grain legumes than those of cereals. Difference in stomatal conductance 
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between C3- and C4-pathway species may be partially responsible for the variation in water use^l. 
However, the discrepancy between RLD and WU of cereals and legumes in this study was in agreement 
with the results obtained in cereals and legumes of C3-pathway species by Hamblin and TennantU They 
reported that cumulative uptake water by roots for wheat from the soil profile over the period from 70 to 
110 DAS was very similar to that of lupin, although the value of the TRL per unit ground area of wheat 
was 9 times as high as that of lupinL. They also showed that the apparent water uptake per RLD per day 
was greater for lupin than wheat since lupin had large and abundant metaxylem vessels in roots, which 
give a much lower axial resistance of roots, compared with wheatU. Moreover, the discrepancy between 
RLD and WU in monocotyledonous and dicotyledonous species consisting of maize, sorghum and 
sunflower, was also reported else where AIL. 

In this study, it was demonstrated that WU and SRWU as well as RLD for 5 crops could be estimated 
using the minirhizotron since the dynamic values of the root length of the 5 crops and SMC in each soil 
layer could be quantified based on data-sets by frequent observations and with limited sampling errors. 
Therefore the minirhizotron was found to be a suitable tool for simultaneous monitoring of the root and 
water dynamics in soil layers except for the soil surface. 
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Fig-3. 

Seasonal changes in soil moisture content at the depths of 15-30 (a), 30-45 
(b) and 45-60 (c) under the 5 crops after sowing 

Horizontal bars indicate periods when water uptake by roots was measured. 
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Fig.4. Seasonal changes in total root length (TRL) of 5 crops after sowing 
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Table 1. Root length dentin (RLD), water uptake by roott per day (Wl!) and specific root water uptake per RLD per day 

(SRWU) of pigeonpea(Pp). sorghum(So). pearl millet(Pm). groundnut(Gn) and cow pea (Cp) at the toil depths of 15- 
30,30-45 and 45-60 cm during the periods from 37 to 46. from 51 to 59 and from 72 to 77 days after sowing (DAS) 


Crop depth 37-46 DAS 51-59 DAS 72-77 DAS 



(cm) 

RLD®) 

wu b ) 

SRWU C > 

RLD 

wu 

SRWU 

RLD 

WU 

SRWU 

Pp 

15-30 

0.16 

2 29 

23.1 

0.19 

1.48 

7.8 

042 

9.16 

22.1 


30-45 

0.16 

2 79 

27.6 

0.19 

0.54 

2.8 

0.38 

6.95 

18.3 


45-60 

0.07 

1.77 

17.7 

0.10 

1.35 

13.5 

0.27 

6.25 

23.6 


AVG 

0.13 

2.28 

22.8 

0.16 

1.12 

8.0 

0.36 

7.45 

21J 

So 

15-30 

0.80 

3.90 

4.9 

1.48 

2.61 

1.8 

2.67 

10.88 

4.1 


30-45 

1.03 

3.77 

4.0 

2.16 

0.92 

0.4 

2.43 

8.36 

3.4 


45-60 

0.54 

2.47 

5.3 

0.81 

0.58 

0.8 

0.75 

7.95 

10.6 


AVG 

0.79 

3.38 

4.7 

1.48 

1.37 

1.0 

1.95 

9.06 

6.0 

Pm 

15-30 

1.41 

5.23 

4.4 

1.43 

1.19 

1.2 

1.29 

6.26 

4.9 


30-45 

1.62 

4.62 

3.2 

1.39 

1.19 

1.5 

0.97 

5.73 

6.0 


45-60 

1.10 

3.71 

4 2 

1.08 

0.41 
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7.08 

20.8 
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0.80 
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2.4 

0.64 
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0.36 

6.24 

18.1 

0.27 

0.61 

3.4 

0.30 

6.46 
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0.66 
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11.8 
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14.8 


a): - I0W\ b): * KT’m 'm’day' 1 c): SRWU - WU/RLD. - 10 m ; day -' 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/katayama/t1.htm [10/7/2002 9:05:53 PM] 











Water uptake (x10" 3 m 3 m" 3 day" 1 



(b) 


(c) 



tp r=-0.06 o 

r r=—0.174 


t 



•• 



•t o q 

" 


1 

- 


• 

< 

o 

o 

• *• • * 

*& *«« P_ 


/ .° 

* -2. -,_,_ , _ 


LMZu _ T _IV' i-it- ■ ■ , . -1 _ 

0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3 

Root length density (x10 4 m m" 3 ) 


Fig.5. Relationship between root length density and water uptake of 5 crops during the periods from 37 to 46 (a), 
from 51 to 59 (b) and from 72 to 77 (c) days after sowing 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/katayama/f5.htm [10/7/2002 9:05:56 PM] 










Estimation of Balance of Nitrogen, Phosphorus and Potassium in Relation to Chemical Fertilizer Application in Japanese Orchard 


Estimation of Balance of Nitrogen, Phosphorus and 
Potassium in Relation to Chemical Fertilizer Application 
in Japanese Orchard Fields 

Kiyoshi HIRAOKA* 1 and Yoshiaki UMEMIYA 

Department of Pomology, National Institute of Fruit Tree Science 

(Tsukuba, Ibaraki, 305-8605 Japan) 

Present address: 

*! Division of Mume Apricot Tree, Horticultural Experiment Center, Wakayama Research Center of 
Agriculture, Forestry and Fisheries 
(Shioya, Gobo, Wakayama, 644-0024 Japan) 

Corresponding author: K. Hiraoka (kho@affrc.go.jp, fax +81-738-22-6903) 


Abstract 

The consumption of chemical fertilizers in 1996 amounted to 511,700 t for nitrogen (N), 610,100 t for 
phosphorus (P2O5), 441,200 t for potassium (K2O). The area of orchard fields was 314,900 ha in 1995 
and the ratio to the total cultivated area was 6.4%. If the same amount of chemical fertilizer is applied to 
each field, the total application to orchard fields should be 32,7001 for nitrogen, 39,0001 for phosphorus 
and 28,200 t for potassium, respectively. In this report, we estimated the input of chemical fertilizers to 
orchard fields based on the results of official surveys of orchard area and the standard application rate 
based on the cultivation guidelines adopted in 37 prefectures. In 1995, the input for main fruit tree 
species amounted to 50,600 t for nitrogen, 36,400 t for phosphorus and 40,700 t for potassium. The 
output of nutrients from the orchard fields was estimated based on the results of field experiments for the 
nutrient uptake of fruit trees as follows: 39,800 t for nitrogen, 9,100 t for phosphorus and 35,300 t for 
potassium for mature fruit-bearing trees. The ratio of estimated input to output was 1.3 for nitrogen, 4.5 
for phosphorus and 1.2 for potassium, respectively. These results indicate that the amount of chemical 
fertilizer application to the orchard fields may be appropriate for nitrogen and potassium but is excessive 
for phosphorus. However the total nutrient balance was not calculated exactly in Japanese orchard fields 
because the total nutrient input could not be determined owing to the paucity of statistical data on organic 
matter application and also the total output could not be calculated due to the paucity of field 
experimental data. 

Discipline: Soils, fertilizers and plant nutrition 

Additional key words: fruit tree, nutrient uptake, nutrient balance, application rate of fertilizer, 
sustainable agriculture 
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Introduction 

Many temperate and some tropical fruit trees are planted in Japan because the country consists of many 
islands extending from the temperate to the subtropical zone. The total area of fruit trees decreased from 
430,000 ha in 1975 to 308,000 ha in 1996. Especially the area of citrus fruits decreased remarkably and 
the area in 1995 was about half of that in the 1975s. This decrease of the area is due to the decrease in the 
fruit demand. The demand for citrus fruits per capita per year decreased from 25 kg in 1975 to 11 kg in 
1995. This situation is attributed to the diversification of eating habits or food culture associated with the 
changes in the economic conditions. The increase of fruit importation is also likely to affect the decrease 
of area. Along with the changes in the marketing environment, the quality of fruits is becoming more 
important than the quantity for sales. These changes led to a decrease in the rate of fertilizer application 
to orchard fields because, based on many field experimental data, emphasis was placed on the production 
of high quality fruits under suitable low application rates. However, the surplus fertilizer that was applied 
previously may affect the environment around the orchard fields. As the sustainability of agriculture has 
become a social problem, it remains to be determined whether fertilizer or organic matter application 
results in a load to the surroundings of orchard fields. We attempted to estimate the nitrogen (N), 
phosphorus (P2O5) and potassium (K2O) balance in relation to chemical fertilizer application by 
compiling the results of surveys and field experiments to determine the nutrient balance in Japanese 
orchard fields. 


Input of nitrogen, phosphorus and potassium associated with chemical 
fertilizer application 

The standard application rate of fertilizer to orchard fields was determined based on the results of field 
experiments in most of the prefectures. We compiled the rates from the cultivation guidelines adopted in 
37 prefectures. The rates are generally determined depending on the species and age of the fruit trees. 
The yield of fruits and the soil type of orchard fields are also key factors to determine the rate in some 
prefectures. 

1) Species of fruit trees 

Table 1 shows the mean of standard application rates of nitrogen, phosphorus and potassium for mature 
fruit-bearing trees. These results indicate that much more fertilizer is applied to orchard fields with 
evergreen and tropical fruit trees. The means of rates ranged from 204 to 350 kg per ha for nitrogen (N), 
115 to 239 kg per ha for phosphorus (P2O5) and 160 to 310 kg per ha for potassium (K2O). The rates for 
the late maturing citrus species, Navel orange, 'Iyo' tangor, 'Hassaku' pummelo mandarin and 
Natsudaidai, were higher than those for the early maturing species, 'Unshu' mandarin. But in the case of 
Unshu mandarin, the rates for the late maturing varieties were almost the same as those for the early 
maturing varieties although the late maturing varieties were harvested in the same season as the late 
maturing citrus species. For the deciduous fruit tree species, the rate for Japanese pears was the highest 
and about twice that of apple and grapevine trees for nitrogen. These differences may depend on the 
nutrient uptake and the characteristics of root distribution. The rates for the evergreen fruit trees that did 
not bear fruits were also higher than those for the deciduous fruit trees that did not bear fruits as well as 
mature fruit-bearing trees (Table 2). 

2) Age of fruit trees 
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The standard application rates of fertilizer for the trees that did not bear fruits (from 3 to 5 years old) 
ranged from one-third to one-fifth of those of mature fruit-bearing trees (10 or more years old) (Tables 1, 

2) . The application rate of fertilizer to each mature fruit-bearing tree should range from 6 to 10 times that 
of trees that did not bear fruits because the planting density of the latter trees is about twice that of the 
mature fruit-bearing trees. This difference may be due to the size of the trees. The rates for bigger mature 
fruit-bearing trees should be higher than those for smaller trees that did not bear fruits because fertilizer 
is usually applied under the trees. The rates for mature fruit-bearing trees usually increase until the trees 
become about 15 years old. However, the rates are almost the same after 15 years in many fruit tree 
species, while the rate for Unshu mandarin increases until 50 years after planting. 

3) Yield of fruits 

As the yield increased, the application rates of fertilizer increased for each fruit tree species. The rates for 
the high-yielding species such as citrus fruit and pineapple trees were generally higher than those for the 
other fruit trees (Table 1). However the yield of apple trees was high although the application rate was 
low. And the yield in plastic greenhouses was about 1.5 times higher than that in orchard fields with the 
same fertilizer application rates in the case of Unshu mandarin. These differences may be due to the 
climatic conditions during the growth period of fruits. The ratio of application rate to yield was higher for 
chestnuts, loquats and cherry tree which gave a low yield (Table 3). But the ratio was significantly low in 
apple trees and half or one-third of that of the other trees. 

4) Soil type 

The application rates of chemical fertilizer were determined for certain soil types in some prefectures. 

The rate was generally higher in sand-dune regosols and lower in andosols. This difference between the 
soil types is usually not as conspicuous as that between fruit tree species. However this difference must 
affect the rates of each fruit tree species because the main area of citrus species consists of yellow soils 
whereas that of apple and grapevine trees consists of brown forest soils. 
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Output of nitrogen, phosphorus and potassium 

The output of nutrients from the orchard fields is mainly estimated based on the nutrient uptake of fruit trees. However, there are few field 
experimental data because it is very difficult to determine the nutrient uptake of fruit trees in orchard fields. In one field experiment, 2 
middle-sized trees were selected at first. One tree was cut in spring and the other tree in winter. The nutrient uptake was calculated by the 
difference in the dry weight between the 2 cut trees and the nutrient content of each section. Table 4 shows the total nutrient uptake of 11 
fruit tree species that was calculated based on the results of the field experiments 1-12 ’ 14 ) . These results show that the nutrient uptake of 
evergreen fruit trees was higher than that of deciduous fruit trees, while the potassium uptake of chestnut trees was lower than that of the 
other trees compared to nitrogen and phosphorus!). On the other hand, the phosphorus and potassium uptake of kiwifruit was higher than that 
of the other trees 2 ). However, it is difficult to determine the nutrient uptake of each fruit tree species because the age of the sample trees and 
yield of fruits were different and the soil type was also different in each experimental field. A larger number of experimental data should be 
collected to determine whether these differences are associated with the nutrient requirement of each fruit tree species. 


Nitrogen, phosphorus and potassium balance in relation to chemical fertilizer application 

The input of chemical fertilizer to the orchard fields was calculated by the following formula based on the orchard area determined in the 
official surveys!)) and the average value of the rates of chemical fertilizer application compiled from the cultivation guidelines adopted in 37 
prefectures. 

Input (t) = Orchard area (ha) x Chemical fertilizer application rate (kg/ha)/1000 

The input of fruit-bearing trees and trees which did not bear fruits was 50,600 t for nitrogen, 36,400 t for phosphorus and 40,7001 for 
potassium, respectively in 1995. The output from fruit-bearing trees in the orchard fields was calculated by the following formula based on 
the orchard area determined in the official surveys and field experimental data of nutrient uptake. 

Output (t) = Orchard area (ha) x Nutrient uptake based on field experiment (kg/ha)/1000 

However, it was difficult to calculate the output because no field experimental data of nutrient uptake were available for pineapples, Navel 
orange, Iyo tangor, Hassaku pummelo mandarins, cherries, plums and pears. The data of other similar species were used for these species to 
calculate the output. The data of Natsudaidai were used for Navel orange, Iyo tangor and Hassaku pummelo mandarins. The data of 
peaches'!! 4 ) were used for cherries. The data of Mume apricot were used for plums. The data of Japanese pears?) were used for pears. 
However since there were no good data for pineapples, the output was estimated to be half of that of the chemical fertilizer application. The 
output from fruit-bearing trees in 1995 was 39,800 t for nitrogen, 9,100 t for phosphorus and 35,3001 for potassium, respectively. 

The ratio of the input to output was 1.3 for nitrogen, 4.5 for phosphorus and 1.2 for potassium. The ratio of each fruit tree species ranged 
from 1 to 2 for nitrogen and potassium and from 2 to 6 for phosphorus, excluding Japanese pears (Table 5). These results indicate that the 
balance of nitrogen and potassium was adequate in 1995 while the phosphorus balance was excessive in the Japanese orchard fields. However 
about 30 years ago, the rates of nitrogen and potassium were also almost twice those of the present ones. The surplus chemical fertilizer may 
flow to groundwater. It was reported that the N03-N content of groundwater is presently above the environmental upper standard (10 mg/L) 
in some orchard fields. Results from the surveys in orchard fields show that phosphorus tends to accumulate in soil. In these areas, the 
available phosphorus content exceeds 100 (mg/100 g dry soil) although the adequate level of available phosphorus is 30 (mg/100 g dry soil) 
based on the official guidelines adopted for orchard fields. 

In Japanese pears, the ratios were higher than in the other species. Especially the ratio of phosphorus was remarkably high with a value of 8. 
This difference may be due to the planting density. We used the mean of chemical fertilizer application rates and the nutrient uptake in order 
to estimate the nutrient balance. The planting density of mature Japanese pears is the lowest among all fmit tree species, 70 per ha (Table 4). 
Therefore, Japanese pear trees may not be able to absorb nutrients effectively because the root distribution is not very dense. 


Organic matter application and nutrient balance 

We must estimate the total input of organic matter to calculate the nutrient balance exactly in orchard fields. However, we could not estimate 
the input because statistical data were not available. The results of the official surveys covering 2,757 farmers show the tendency of organic 
matter consumption. The standard nutrient contents of 12 organic materials are also listed for nitrogen (0.6~3.6%), phosphorus (0.2~5.1%) 
and potassium (0.3~2.7%). If the consumption of these organic materials, nutrient contents and area data are used to estimate the input of 
organic matter, the input to the orchard fields should amount to 11,9001 for nitrogen, 15,6001 for phosphorus and 12,400 t for potassium. 
This input ranged from half to one-fourth of that from chemical fertilizer. However, organic matter application is common in only some 
orchard fields because it is difficult to obtain a sufficient amount of organic matter in other orchard fields. Therefore these data show that 
nutrient input from organic matter may be the same as or higher than that from chemical fertilizer in some orchard fields. The surplus organic 
matter may lead to eluviation of nutrients around the fields. The results of the soil surveys in orchard fields show that the potassium content 
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of soils is excessive in some orchard fields to which a large amount of manure had been applied for a long time because the manure has a 
high potassium content. In these areas, the rate of potassium fertilizer application decreased. 


Conclusion 

We estimated the input of chemical fertilizer to the orchard fields based on the results of official surveys of orchard areas and the standard 
application rate based on the cultivation guidelines adopted in 37 prefectures in 1995. The input was 50,6001 for nitrogen, 36,400 t for 
phosphorus and 40,700 t for potassium for the main fruit tree species. The output of nutrients from the orchard fields was estimated from the 
results of field experiments for the nutrient uptake of fruit trees. The output was 39,8001 for nitrogen, 9,1001 for phosphorus and 35,3001 for 
potassium for mature fruit-bearing trees. Because the ratio of the input of chemical fertilizers to the output from fruit trees was 1.3 for 
nitrogen and 1.2 for potassium, the application of nitrogen and potassium fertilizer to the orchard fields is not considered to affect the 
surrounding environment presently. But about 30 years ago, the application rates were almost twice those of the present ones. The N03-N 
content of groundwater exceeds the environmental upper standard (10 mg/L) in some orchard fields. And the available phosphorus content is 
above 100 (mg/100 g dry soil) in some orchard fields although the adequate level is 30 (mg/100 g dry soil) based on the guidelines for 
orchard fields because the ratio of input to output is still 4.5. 

The total nutrient balance was not calculated exactly because the total nutrient input could not be determined due to the paucity of statistical 
data on organic matter applications. Moreover, the total output could not be calculated due to the paucity of field experimental data. However 
the results of the estimation of the nutrient balance in relation to chemical fertilizer application indicate that the total nutrient balance in some 
orchard fields may show an excess in nitrogen, phosphorus and potassium. The surplus nutrients must lead to the increase of the available 
nutrient content in soil and result in a load to the surrounding environment of the orchard fields if heavy application continues. 


Variation in Southern Blight Fungus in Japan Detected by ITS-RELP Analysis 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/hiraoka/34-2(2-2).htm (2 of 2) [10/7/2002 9:06:00 PM] 




Table J 

Total nutrient uptake of fruit trees 




Nitrogen 

Phosphorus 

Potassium 

Age 

Planting 

density 

References 


(N) 

iPzOy} 

(K 2 0) 






(kg/ha/yi) 


(yr) 

(No/ha} 


+ Unshu’ mandarins 

235 

38 

178 

16-50 

750, 1500 

3, 4. 5.6 

NaUudaidai 

202 

35 

150 

14 

750 


Loquals 

164 

40 

182 

IS, 20 

300 


Mumc apricot 

142 

34 

154 

14 

300 


Kiwi fruit 

137 

77 

220 

4-11 

320 

7 

Chestnuts 

123 

30 

56 

7-13 

160—330 

1 

Peaches 

115 

28 

97 

7-11 

180-480 

8, 14 

Japanese persimmons 

115 

27 

99 

9-25 

180-400 

10.11 

Apples 

79 

31 

113 

10-23 

120 

12 

Grapes 

66 

26 

74 

3— 5 

400 

2 

Japanese pears 

64 

19 

98 

8-36 

70-200 

9 
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Table §. Ratio of application rates of fertilizer to nutrient uptake of fruit trees 


Nitrogen 

Phosphorus 

Potassium 


(N) 

(P:0 5 ) 

(K : 0) 

Japanese pears 

3.0 

8.0 

2.0 

Japanese persimmons 

1.6 

4.8 

1.5 

Natsudaidai 

1.5 

6.5 

1.5 

Apples 

1.5 

2.1 

0.8 

Kiwi fruit 

1.3 

1.8 

0.7 

Peaches 

1.2 

3.5 

1.3 

Mume apricot 

1.2 

3.1 

1.0 

Loquats 

1.2 

4.2 

0.9 

‘Unshu’ mandarins 

0.9 

4.3 

0.9 

Chestnuts 

1.0 

3.0 

1.8 


13 A tiK 
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Abstract 

PCR-RFLP analysis of the ITS region in the ribosomal RNA gene cluster revealed that Japanese isolates 
of the southern blight pathogen consisted of 5 groups. Groups 1, 2 and 3 corresponded to Sclerotium 
rolfsii, whereas groups 4 and 5 were similar to S.delphinii, a related species of S.rolfsii. Most of the 
isolates belonging to groups 1 and 2 were detected in the central to southwestern regions of Japan, while 
groups 3, 4 and 5 were distributed in the central to northern regions. Although the ITS-RFLP groups also 
differed in the size of the sclerotia, the sclerotial size varied with the incubation temperature and became 
indistinguishable at high temperatures. These groups showed hyphal anastomosis with one another, 
indicating their conspecificity. 

Discipline: Plant disease 

Additional key words: Sclerotium rolfsii, Sclerotium delphinii 
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Introduction 

Sclerotium rolfsii Saccardo (teleomorph; Atheria rolfsii (Curzi) Tu & Kimbrough) is a soil-bome plant 
pathogenic fungus, which infects approximately 500 species belonging to 100 plant families 6 ) including 
soybean, peanut, and other leguminous crops. Infection occurs at the level of or just below the soil 
surface, causing basal stem rot and blighting of the leaves, referred to as southern blight. Southern blight 
is characterized by the presence of white mycelium and brown sclerotia, about the size of mustard seeds 
on diseased plants (Fig. la, b). Sclerotia act as the primary inoculum, since they are the sole organ 
capable of withstanding adverse conditions. Asexual spores are not produced, and the sexual stage is 
seldom observed 14 ’ 15 ). Hot and humid weather is conducive to sclerotial germination and mycelial 
growth, and consequently the disease is more serious in subtropical and tropical regions than in 
temperate regions 19 ). 
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Fig.l. Mycelia and sclerotia formed on a peanut plant (a) and potato-dextrose agar (b) 


Although S.rolfsii does not usually prevail in the cool temperate zone, southern blight has also been 
reported in the central to northern regions of Japan 9 ’ 11 ’ 16 ), suggesting the existence of subgroups of 
S.rolfsii, which may be adapted to relatively low temperatures. Another possibility is that the isolates 
reported from cool regions belong to S.delphinii Welch, a related species to S.rolfsii. S.delphinii is known 
to infect ornamental plants grown in temperate regions in North America, e.g. Delphinium sp. 18 ), 
scilla 10 ), lilies and iris 17 ). Differentiation of these 2 species based on morphological criteria is difficult 
although they may be distinguished by the size of the sclerotia 13 ’ 17 ). 

Recent advances in molecular techniques have enabled inter- and intraspecific grouping of fungi 3 ) with 
few morphological differences. The analysis of restriction fragment length polymorphisms (RFLPs) of 
the internal transcribed spacer (ITS) region of ribosomal RNA genes (rDNA) indicated the presence of 
genetic variation in S.rolfsii 8 > 12 ). In this paper, we reviewed the genetic variation of the Japanese isolates 
of the southern blight fungus and their geographic distribution. We also evaluated the species concept in 
S.rolfsii. 
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ITS-RFLP analysis 

ITS-RFLP analysis was first applied to S.rolfsii and related species by Harlton et al. 8 ). They tested 119 S.rolfsii isolates and 12 S.delphinii 
isolates from the U.S.A. and other countries, using restriction enzymes Alu I, Hpa II, Rsa I and Mho I. S.delphinii was distinguished from 
S.rolfsii by the Rsa I pattern, and S.rolfsii isolates were classified into 12 groups (I to XII). They also suggested the existence of 
phylogenetic relationships (Fig. 2). 

To determine the geographical variability in the S.rolfsii population, we examined 67 isolates from different hosts and various regions of 
Japan, and classified them into 5 ITS-RFLP groups (Figs. 3 and 4) l2 \ Groups 1 and 2 were distributed in the southwestern region of Japan, 
which is located in the warm temperate zone, and groups 3, 4 and 5 were found in the central to northeastern regions of Japan, which are 
cool temperate regions. Groups 1 and 3 corresponded to groups II and XI, respectively, and group 4 showed the same pattern as that of 
S.delphinii from the U.S.A. Groups 2 and 5 were newly found, and group 2 was similar to group 1, whereas group 5 was close to group 4. 

ITS-RFLP analysis indicated that isolates resembling S.delphinii were distributed in the central to northern regions in Japan, whereas 
S. rolfsii occurred in the central to southwestern regions. The boundary was not clear, and they overlapped in the Kanto and Hokuriku areas. 
All the groups except for group 3 were found in Tokyo, suggesting that trade of seedlings and bulbs had introduced various Sclerotium 
strains. 


Growth temperature reaction of ITS-RFLP groups 

The most evident morphological difference between S.rolfsii and S.delphinii lies in the sclerotial size: S.delphinii produces larger sclerotia 
than S.rolfsii 11 ") . We observed sclerotial formation in several isolates of groups 1, 2 and 4 grown on potato dextrose agar (PDA) plates at 
various temperatures. Group 4 produced larger sclerotia than group 1 (Fig. 5). However, the size decreased with increasing temperature, 
and the difference between groups 1 and 4 became less distinct. Sclerotial size of group 2 was similar to that of group 1 (data not shown). 
Few sclerotia were formed by isolates of group 5, and group 3 failed to produce sclerotia. 

S.delphinii and S.rolfsii also differed in the optimal temperature for mycelial growth. S.rolfsii grew better at high temperatures 13 ) than 
S.delphinii, which is in agreement with the fact that S.rolfsii is prevalent in tropical and warm temperate regions whereas S.delphinii occurs 
in cool temperate regions. In our observations of the Japanese isolates, the growth temperature response was different among the 
ITS-RFLP groups but did not vary as much as that between S.delphinii and S.rolfsii in foreign countries. Group 1 showed optimum growth 
on PDA at 30°C (Fig. 6) , but the growth rate decreased at 33°C whereas S.rolfsii isolates from the U.S.A. and South Asia grew well even 
at 35°C 5 ’ 13 ). The optimal growth temperature was 28°C for most of the isolates of group 5 and some of group 4, but other isolates of group 
4 grew most rapidly at 30°C. Group 2 showed the same pattern as group 1 (data not shown), and one isolate of group 3 was not included in 
this test because it showed restricted growth. 


Hyphal anastomosis between different RFLP groups 

Conspecificity can be determined by hyphal interactions in basidiomycetous fungi. Hyphae of the same isolate often fuse (or anastomose) 
with one another, forming a hyphal network. Anastomosis may also occur between hyphae of different strains of the same species but 
usually results in the death of fused cells and in the subsequent formation of a boundary line between the mycelia. Hyphal anastomosis 
does not occur between different species 7 ) nor between genetically isolated populations within a species complex 3 ). 

Hyphal anastomosis was observed between different RFLP groups, when they were paired on water agar plates (Fig. 7) . Fused hyphal cells 
in the contact zone subsequently died in every combination except for the self-pairings, suggesting that all the groups should be considered 
as the same genetic entity. Some researchers proposed the term S.rolfsii var. delphinii to accommodate S.delphinii in the S.rolfsii 
complex 2 ). 


Conclusion 

ITS-RFLP analysis suggested the existence of population differentiation in the southern blight fungus in Japan. The groups from southern 
regions included S.rolfsii, and those distributed in the northern regions corresponded to S.delphinii in a broad sense. Before ITS-RFLP 
analysis was applied, S.rolfsii and S.delphinii had been distinguished by the sclerotial size and optimal growth temperature. However, 
sclerotial morphology was found to vary with the incubation temperature, and optimal growth temperature did not enable to distinguish 
ITS-RFLP groups in Japan. Lack of significant differences within the southern blight fungus may be due to the less distinct climatic 
differences between localities in Japan, and indicate the existence of intergrades between the 2 species. S.rolfsii and S.delphinii are 
considered to represent 2 extremes of continuous variation. 
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Information about the mating behavior of S.rolfsii and S.delphinii is limited, and the biological species concept 1 ) is not easily applicable to 
these fungi. The phylogenetic tree based on ITS-RFLP analysis indicated a close relationship between these species (Fig. 2). Moreover, 
hyphal anastomosis also suggested their incomplete segregation as separate species. Further investigations are required to reveal the 
genetic background of the groups and to reassess the species concept of S.rolfsii and S.delphinii. 
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Fig.2. Putative phylogenetic relationships between three Sclerotium and three Athelia species based on 
Alu I, Hpa II, Rsa, and Mbo I restriction sites if internal transcribed spacer,(ITS) region 8 ) 
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Fig.3. ITS-RELP patterns of Japanese isolates 12 ) 

Four restriction enzymes (A/m I, Hpa II, Rsa I and Nde II) 
were used. 

Lanel: isolate S-22(group 1). 

Lane2: isolate S-42(group 1). 

Lane3: isolate S-43(group 2). 

Lane4: isolate S-17(group 3). 

Lane5: isolate S-41(group 4). 

Lane6: isolate S-56(group 4). 

Lane7: isolate S-8 (group 5). 

Lane8: isolate S-12(group 5). 

I Hae 111(1353, 1078, 872, 

603, 310, 281, 234, 194, 118bp). 


Alu I Hpa II 

1 2345678M1 2345678 



Rsa I Nde II 

12345678M12345678 
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Fig.4. Distribution of ITS-RFLP groups in Japan 

Numbers of isolates of groups 1,2,3,4 and 5 from each location are shown in parentheses, respectively. 
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Fig.5. Sclerotia of isolates S-58(group 4) and S-46(group 1) produced at 23,28, and 33°C 12 ) 

a: Isolate S-58 at 23»C. b: S-46 at 23»C. c: S-58 at 28«C. d: S-46 at 28»C. e: S-58 at 33»C. f: S-46 at 33»C. 
Scale bar = 5 mm. 
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Mycelia were incubated for 2 days at different temperatures. Date are expressed relative to the growth at 28°C. Vertical 
bars show the standard deviations. 
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Abstract 

Studies on the robotization of agricultural vehicles have been conducted to perform labor-saving, 
high-precision operations, etc. Component technologies for the robotization were described in general, 
along with navigation systems. As an example of robotized vehicles, we planned to develop a tilling 
robot. To recognize the position with an error less than 5 cm and at intervals less than 1 s, we developed 
3 types of navigation systems; an off-the-wire type, a kinematic global positioning system (GPS) with 
inertial navigation system (INS) type and an optical type. 

Discipline: Agricultural machinery 

Additional key words: mobile robot, unmanned operation, operation software, tractor 
1 —^References 


(Received for publication, July 14, 1999) 


Introduction-Objectives of robotization of agricultural vehicles 

Currently, whether the agricultural industry in Japan will be able to survive is a cause for concern due to 
the difficulty in finding successors and the rapidly expanding market for imported agricultural products. 
Efforts are being made to promote the industry through labor-saving, lower costs, and enhanced product 
quality. In addition, studies on the robotization of agricultural vehicles have been conducted in recent 
years 2 ! to achieve the following objectives^): 

1) Labor-saving through completely unmanned operations, 

2) High-precision work superior to human work, and 

3) Improvement of safety and amenity by eliminating operator intervention. 

Subsequently, new working methods will be developed in response to the robotization of agricultural 
vehicles and the following additional benefits are anticipated^): 

l)Single operator can manage and operate many vehicles concurrently, 
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2) Through continuous day and night work, a small machine can cover a large area and solve problems 
such as soil compaction, and 

3) The ability to detect vehicle positions will enable to obtain information on yield and soil conditions of 
each part of the field, and to execute precision farming. 

This paper describes the navigation systems we studied, together with the control of vehicles with these 
systems and the performance of their prototypes. 
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Technology and conditions required for robotization of agricultural vehicles 

1) Component technologies 2) 

The component technologies that support the robotization of agricultural vehicles are similar to the 5 
main components for common mechatronics systems, which are listed in Fig. 1. Each component is 
described below. 



Fig. 1. Component technologies for the robotization of agricultural vehicles 


(1) The energy supply and operating functions require technical developments, in addition to 
conventional technology, in the following areas: 

a. While an actuator mechanism which provides excellent control is required for the steering, 
throttle, transmission, and brake operations in place of an operator, conventional systems for 
manual operation are also required for traveling to and from the field and teaching the field area. 

b. Various adjustments of the implements must be automated to enable unmanned operation. 

c. Power sources corresponding to the sensor and actuator are required. 

d. Each part must be highly reliable since prompt detection of failures cannot be expected during 
unmanned operation. 

(2) The information transfer and signal conversion functions require a keyboard and monitor for 
dialogues between the robotized vehicle and the operator. In addition, stable communication 
functions are required among the sensor, controller and actuator, depending on the navigation 
system used and also between the vehicle and an external device. 

(3) Judgment and decision functions determine the vehicle behavior. These are the basis of the 
system, which is composed of a computer, hardware including peripheral devices and software. 
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The know-how necessary to perform unmanned operations is incorporated into the software. A 
slight error in judgment and control may lead to an accident. Therefore methods such as a division 
of tasks are required for avoiding such malfunctions, and sufficient field tests under various 
conditions are also required. 

(4) For the sensing and recognition functions, the robot itself must detect internal information such 
as the fuel level and operating conditions of each part, as well as external information such as the 
vehicle position, heading, and the status of the soil and peripheral conditions. Although the 
information about navigation is particularly important for the robotization of vehicles, since no 
navigation system currently in use efficiently meets the requirements of cost, performance, and 
ease of use, new technology must be developed. 

2) Conditions for development and introduction 

Each component described before is required for robotization of vehicles to function under the conditions 
of use required by outdoor agriculture. Table 1 shows the conditions of use as compared with those in 
other fields. The conditions of use for agricultural vehicles, such as the operator, annual operating hours, 
and the capital of the managing body, differ markedly from those in other fields. Therefore, 
considerations for lowering the cost, enhancing the reliability, and improving the operation should be 
included from the beginning of development. 
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Table 1. Conditions for using mobile robots for various purposes 


AGV in factories 

Construction 

Agriculture 

Range of use 

<Stveml hundreds 
of meters 

<Scveml hundreds 
of meters 

<5everal hundreds 
of meters 

Ttavdimi distance 

<ScveraE kilometers 

<SeveraE hundreds 
of meters 

<Several kilometers 

Traveling method 

Along ite track 

Whole surface 

Along the track 

Whde surface 

Road surface 

Hard and flat 

Slight!) soft 

Soft and irregular 



and irregular 


Inclination 

Horizontal 

Nearly horizontal 

Slopes are included 

Dust, etc. 

Small amount 

Large amount 

Large amount 

Velocity 

Low 

Low 

Low 

Continuous operating hours 

Short 

Long 

Long 

Place of use 

Indoor 

Indoor and outdoor 

Outdoor 

Intrusion of outsiders 

Can be prevented 

Can be prevented 

Cannot be prevented 

Operator 

Semi-professional 

Professional 

Non-professiona! 

Annual operating hours 

Long 

Long 

Short 
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Navigation systems-classification and objectives 


Navigation systems-classification and objectives 

1) Classification and adaptability of navigation systems 

Classification of navigation systems is shown in Tab]e_2f±. Because fields vary widely depending on the 
kind of crops and the stage of work, there is no universal navigation system that can adapt to every stage 
of agriculture. Table 3 shows the general adaptability of the respective navigation systems in the case of 
agriculture^. In the following, general conditions and the restricting factors are described. 

(1) In paddy fields or upland fields, since the whole field is tilled, it is almost impossible to use a 
fixed route with a mechanical system. Furthermore, because the running route is fixed, a fixed 
route may lead to the deterioration of soil penetrability due to the pressure on the soil. 

(2) When using the spot mark system, the other navigation systems must be applied between the 
marks. 

(3) The accuracy of the internal information system will decrease in a large field or during long 
continuous work. A field with a slippery surface may cause an error in the estimation of the 
traveling distance based on wheel rotation. 

(4) When visually observing external information from the vehicle, such as a known point, an error 
may occur due to the rolling and pitching of the vehicle, which requires a correction. 

(5) Since no stable map in the field, is available, it is difficult to apply the map matching method 
used in the case of car navigation. 

(6) The external information system may not be applied where the work boundary is unclear, such 
as during puddling, or in the absence of ridges or row edge. 

(7) When using the external mark system, the measurement may be hindered by obstacles, 
depending on the observation medium. For example, when light is used as the medium, shade from 
trees in an orchard may occur, or the measurement may not be correct due to reflected rays from a 
glasshouse. 

2) Navigation systems for tilling robot 

As an example of robotized agricultural vehicles, we planned to develop a tilling robot that can recognize 
its own position and heading, while performing unmanned tilling at almost the same work rate as manual 
work. 

Based on the above factors, external information system and the external mark system of a free route 
type were considered to be suitable for the position detecting system for tilling robots. Furthermore, we 
estimated that the concurrent use of an internal information system with distance and heading system is 
adequate for detecting the vehicle heading in the turning and for temporarily continuing the unmanned 
operation during a malfunction of the positional detecting system. 

Among the navigation systems described in this section, the systems that have been studied are outlined 
below. 
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Table 2. Classification of navigation systems for agriculture 


Route 

System 

Object of detection 

Example of target, sensors, facilities, etc. 

Fixed 

Mechanical system 

Non-contact system 

Mechanical guides 

Non-contact guides 

Ridges, furrows, pipes, rails 

Leader cables, laser beams 

Semi-fixed 

Spot mark system 

Spot marks 

Magnetic signs 


Internal information system with 
inertial navigation 

Acceleration 

Gyro ♦accelerometer 


Internal information system with 
distance and heading 

Dislanccfvclocity) 

-‘-heading 

Wheel rotation*gyro, 
geo-magnetic sensor 


Internal information system with 
differential wheel rotation 

Right and left 
wheel rotation 

Wheels, crawlers 

Free 

External information system with 
object tracking 

Crop rows, work 
boundaries, etc. 

TV cameras-Mmage processor 

External information system with 
relative distance 

Hedges, ridges, 
crop rows. etc. 

Ultrasonic sensor, 
off-thc-wirc leader cable 


External mark system with 
triangulation surveying 

Multiple relative 
angles 

TV cameras, optical sensors 
♦optical reflection marks 


External mark system with 
traverse surveying 

Relative angles 
♦distance 

Transit*ranging sensor 
(with tracking vehicles) 


External mark system with 
hyperbolic navigation 

Multiple distances 

Radio beacons, laser beacons. GPS 
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Table 3. Applicability of navigation systems for agriculture 


Applicability to agricultural systems* 


Navigation system 

Restriction on use 

Paddy 

Upland 

Green¬ 

Orchard 

Grass¬ 

Intenor of 



field 

field 

house 

land 

facilities 

Fixed route with 

Routes are limited 







mechanical system 


X 

X 

o 

o 

X 

o 

non-contact system 


A 

A 

© 

© 

X 

® 

Spot mark system 

Requires concurrent use of 
other navigation methods 

A 

A 

o 

A 

A 

o 

Internal information 
system 

Cumulative errors become a 

problem in case of long distance 
or long time operation 

A 

A 

A 

A 

A 

A 

External information 
system 

Crop rows, etc. to be tracked 
are indispensable 

O 

O 

© 

O 

O 

o 

External mark 
system 

No obstacles such as trees 
in case of an optical system 

© 

© 

A 

A 

© 

A 


* Applicability was estimated based on common field area and form. 

© : Applicable to almost all types of operation. O : Applicable to selected types of operation. 

A : Applicable to limited types of operation and sizes of field. X : Not applicable to almost all types of operation. 


■m 
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Navigation systems-positioning systems 

1) Development of off-the wire type navigation system (LNAV) ^2) 

The LNAV developed by KUBOTA Co. is a navigation system characterized by a free route and external 
information with a relative distance. The cables for generating the magnetic fields for each modulation 
frequency are installed, as shown in Fig. 2. Although the magnetic fields are generated in the field 
depending on the distance from each cable, the relation between the strength of the magnetic field and 
the distance is not linear, since each cable has a finite length. Therefore, as shown in Fig. 3, a magnetic 
field sensor is mounted on the right and left front parts of the vehicle. The vehicle performs a teaching 
run along the field boundary by manual operation. The teaching data TDO related to the boundary of the 
field are obtained from the left sensor, and the teaching data TD1 of the magnetic field distribution along 
the first returning path are obtained from the right sensor. Then, the magnetic field distribution data at the 
end of the path are also obtained. In the first returning path in an autonomous operation, while 
performing an autonomous straight run by referring to the TD1 from the left sensor, the vehicle 
automatically obtains the TD2 for the next path from the right sensor. After the 180° turn based on 
information on the end position, the vehicle performs the next straight run according to the TD2. In this 
way, the LNAV does not detect the absolute position in the field but guides the vehicle to repeat the 
magnetic field distribution initially obtained for performing the operation. 

Based on the above description of the LNAV system, no test was performed to measure its positioning 
accuracy, but because it could accurately repeat the autonomous run on the taught path, it was estimated 
that with this system the error was 5 cm or less. Furthermore, the data sampling interval was 0.1 s or less. 
This system is not influenced by natural conditions like weather. However, the cost to construct the cable 
line and the fixed path for work are limiting factors. 

2) Development of GPS type navigation system ( SNAV ) U2) 

The SNAV developed by Japan Aviation Electronics Industries, Ltd., is a navigation system 
characterized by a free route and external marks with hyperbolic navigation. In the SNAV the differential 
GPS (DGPS ), geomagnetic sensor (TMS ) and the inertial measuring unit (IMU) are combined with the 
device configuration as shown in Fig. 4. The GPS system has a data sampling interval of Is basically. As 
the communication and processing times are added, the calculated DGPS position data involve a 
considerable delay. The SNAV supplements the positions during such delays using an IMU. 

Presently, satisfactory positional detection has been achieved at intervals of 0.1 s. The positioning error 
amounted to several cm or less over several hours of measurement when the mobile station was fixed to a 
position. And the errors in autonomous operation were 10 cm or less due to the decrease of the turning 
velocity in taking account of the capacity of the IMU. 

Several types of GPS positioning systems have been commercialized by several companies. The 
accuracy and the sampling rate are sufficient in the double frequency real time kinematic GPS type. 
However, the cost and information service of the reference station are still unsolved. 

3) Development of optical type navigation system (XNAV) Uh 

The XNAV is a navigation system characterized by a free route and external marks with traverse 
surveying. The XNAV was developed by BRAIN-IAM and the manufacture of its prototype was 
assigned to Sanyo Electric Co., Ltd. 
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(1) System configuration and principle 
The principle of the XNAV measurement is shown 
in Fig. 5. Target P, installed on the vehicle, was 
observed from the center 0 of the transit section of 
the reference station. The diagonal distance L 
between O and B, the horizontal angle H formed by 
the reference line and segment OP, and the vertical 
angle V are obtained. And then the coordinates of the 
target point P ( xi, yi, zi) are obtained through the 
principle of traverse surveying. Although segment 
OP can always be obtained by tracing and estimating 
the target from the reference station (Fig. 6), the 
steps to follow are shown in Fig. 5. 

Fig.6. References station of the prototype XNAV system 

a. Input image 1 when the strobe light on the target is 
lit and image 2 when it is not lit at the shortest 
possible interval, 

b. Compute the differential image between image 1 
and image 2, and binarize it, 

c. Extract the strobe image from the differential image, 

d. Repeat steps a to c to calculate the traveling speed of the target, 

e. Move the transit section so that the strobe image appears in the center of the image sensor, and 

f. Measure distance L and calculate the position. 

(2) Performance, precision, and ease of use 

In the test results of the XNAV, the positions were detected during continuous operation of 
approximately 15 min at the velocity of 0.4 m/s in a roughly flat field 45x15 m in size. The positioning 
accuracy was 5 cm or less with an average data sampling interval of 0.52 s. However, sometimes the 
target was missed during a steep turn. Manual coordination was required on 2 occasions, and at other 
positions the measurements could be continued by using the self- tracking restoration function. 

(3) Characteristics and problems 

Although this system does not require field equipment other than one reference station in the field, there 
are shortcomings, including adaptation to the changes in natural lighting conditions and reliability of the 
self-restoration function. 

(4) Total station of automatic tracking type AP-Llii 
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Fig.7. References station of AP-L1 

Total station AP-L1, with an automatic tracking function for 
moving objects, was put on the market by TOPCON, Co., 
while the XNAV was under development. The AP-L1 is able 
to track and range the target automatically by a single laser 
beam, and is also equipped with automatic searching and 
retracking functions when the target is missed. In the same 
way as the XNAV, the AP-L1 measures the diagonal 
distance L and the horizontal and vertical angles, H, V while 
tracking the optical reflection target from the reference 
station (Fig.7). It also calculates the 3-dimensional 
coordinate positions of the target point. As a result of field 
tests, we found that it fully reaches the target accuracy and 
tracks a moving object in a very stable manner. We 
confirmed that it can perform automatic tracking, position 
measurement, and data communication at a distance of 500 
m in an area with good perspective. At that point, the 
modification and improvement of the XNAV were 
discontinued and the AP-L1 was used in place of the XNAV 
in subsequent tests. The main specifications of the AP-L1 are 
shown in Table 4. 


l :Robotization of Agricultural Vehicles (Part 2) 
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Fig. 2. Cable installation for LNAV 
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Fig. 3. Operation method of LNAV 
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Fig. 5. Measurement principle and time chart of tracking in XNAV 
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Table 4. Specifications of the AP-LI 

Automatic 

tracking 

section 

Tracking angular : l0°/s 
velocity 

Tracking accuracy : ± 2 min ( at 10 & /s) 

Laser : LED Laser (Class 1 ) 

Range 

finder 

section 

Range :7-700 m 

Accuracy : ± (10 mm + 2 ppm ) 

Intervals : > 0.5 s 

Transit 

Accuracy : 3 s 

Function, 

etc. 

Automatic target searching and retracking function. 
Data communication : RS232C Radio modem 


I3AKN 
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Abstract 

We have developed a tilling robot that can recognize its own position and heading, while performing 
unmanned tilling at almost the same work rate as manual work. The tilling robot is composed of 
navigation systems for positioning and heading, a robotized vehicle, a controller, and an operation 
software. A geomagnetic sensor (TMS) is utilized for the navigation system for heading. The operation 
software consists of teaching, path planning, vehicle controlling, self-diagnosis, and abnormality 
alarming sections. We found that the tilling robot can perform unmanned tilling operations over a whole 
field area of 50 a with almost the same efficiency and accuracy as manual work. 

Discipline: Agricultural machinery 

Additional key words: mobile robot, unmanned operation, operation software, tractor, navigation 
11); Reference 
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Development of tilling robot 

1) Tilling robot 

The BRAIN-IAM has accumulated data related to technology for robotization of agricultural vehicles 
from several trials since 1988 b2,5) . The Ministry of Agriculture, Forestry and Fisheries launched an 
agricultural machine development project in the fiscal year 1993. A 5-year plan for the development of a 
tilling robot (1993 to 1997) was implemented under this project. This development was performed jointly 
with KUBOTA Co., Japan Aviation Electronics Industries, Ltd., Hokkaido Univ. and BRAIN-IAM. 

The objective of the tilling robot is to develop a working vehicle that can recognize its own position and 
heading, while performing unmanned tilling, including headland treatment, at the same work rate as a 
manual operation. The target specifications are shown in Table 1. The fields are limited to paddy fields 
and upland fields that cover an almost flat and rectangular area. In our study, the robot works within sight 
of the operator, which enables the operator to stop the robot by remote control in case of emergency. 

2) Target specifications for the navigation system 

The performance required for the navigation system of tilling robots or robotized agricultural vehicles is 
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outlined in Table 1. This table specifies the concurrent provision of positional information and the 
vehicle heading information. For position accuracy, we assume that the overlap width of the implement 
should be approx. 10 cm. The tolerance was set for half of that value to avoid untreated areas. The 
heading accuracy was set so that the overlap width of the implement would be maintained if the vehicle 
was operated autonomously, depending only on the heading information for a length of approx. 100 m of 
the assumed field and taking into consideration the capacity of the present heading sensor. Although the 
sampling interval for the position data was set at 1 s or less, it is assumed that the transitory changes of 
position during this interval, as required, are complemented by dead reckoning, etc. 


Navigation systems 

1) Navigation systems for positioning 

We developed 3 types of navigation systems for positioning, namely an off-the-wire type, a kinematic 
GPS with inertial navigation system (INS) type, and an optical type. 

The details of these navigation systems were described in "Robotization of Agricultural Vehicles (Part 1 
)"• 


2)Navigation system for heading G 

(1) System configuration and principle 

Geomagnetic sensor (TMS) is a heading sensor used for the navigation system characterized by a free 
route and internal information with distance and heading type. A flux gate type TMS was adopted, which 
displays a relatively high reliability and is commonly used in the field of traffic. Principle of 
measurement is shown in Fig. 1. Heading of the vehicle is represented by the relative angle from 
magnetic north by measuring the horizontal components x and y, which are detected by the intersected 
coils X and Y, and by calculating tan-1 ( x / y ). However, if the TMS mounted on the vehicle tilts 
together with the vehicle, it is impossible to detect the horizontal components of geomagnetism. 
Therefore, the geomagnetism must be detected as a 3-dimensional vector and the horizontal components 
must be calculated by measuring the pitching and rolling angles of the TMS using a clinometer. This 
operation is referred to as "calibration of inclination". In addition, because the vehicle itself is a magnetic 
substance, it is necessary to correct the error due to the influence of its magnetism. This correction is 
referred to as "calibration of magnetic environment". The influence of a magnetized substance is 
represented by the vector 00' in Fig. 2. The vector 00' can be measured beforehand by running the 
vehicle in a loop in an area free of any magnetism from buildings, etc., and then the calibration of the 
magnetic environment is achieved using that value. 

(2) Performance , precision, and ease of use 

Table 2 shows the main specifications of the TMS we used. After incorporation of the measured value 
into the computer and calibration of the inclination and the magnetic environment, a reproducibility of 
0.3° was secured based on the trace of autonomous straight running with the TMS. 

(3) Characteristics and problems 

Although the cost of TMS is low and it has no driftage, TMS measures a very small magnetic field. This 
can cause a problem when the measured value is affected by surrounding structures, whose influences 
can not be corrected. 
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Table 1* Required specifications of tilling robot 


Field 

Re-adjusted. flat and rectangular field 

Operator 

One man can supervise several robots, and perform other tasks at the same lime 

Vehicle 

Type 4WD, 20-23 kW Tractor 

Implement Rotary tiller 

Controlled systems Steering, shuttle system, brakes (right and lefll. throttle. 

hydraulic system and fuel oil system 

Equipment Automatic implement control system, bi-speed turning system 

Navigation 

systems 

Position Detecting error : < 5 cm 

Detecting intervals / < Is 

Vehicle heading Detecting error t < 0, P 

Controller 

Personal computer utilized in the trial model. 

Operation 

software 

Operations Ti llagc, soil puddl mg, ridging, etc 

Operation method Returning operation (including head-land operation! 

Safety 

systems 

Emergency stopping system, system monitor, obstacle detecting system, 
radio-controlled system For vehicle stopping 


[ liACIti 
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Detecting coil X 



Toroidal core 


Heading direction B =tan _l {x /y) 

Pig. L Principle of measurement «f geomagnetic sensor 
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Table 2. Specifications of TMS 

(Watson Industries Inc. Model FGM-2D0A) 

Type 

3-Axes flux gate type 

Axis alignment 

± 1 a to case 

Range 

- 1 ,000 mG 

Zero field bias 

0V± 1% full scale 

Linearity error 

Less than ± 0.5% 

Frequency response DC to 15 Hz 

Input voltage 

+6 to+15 VDC 


HAVA 
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Vehicle (ROBOTRA) and control systems^ 

1) Vehicle 

To test the navigation systems and autonomous operation software, the ROBOTRA (Fig. 3) was 
developed by trial using a stock tractor as the base vehicle. Although the new original vehicles designed 
for a tilling robot could have been developed in this study, commercialized tractors were eventually used 
due to their versatility as well as the lower development cost. The respective specifications as listed in 
Table 3 , and presently the ROBOTRA is designed for rotary tilling work. Since this base vehicle has a 
shuttle gear, bi-speed turning system, and automatic depth and level control functions for rotary tiller, it 
is possible to simplify the control parts of the vehicle. 



Bumper 


Controller box 


Reflector 
for the XNAV 


switch 


Heading 


sensor 


Fig.3. Robotized vechicle “ ROBOTRA 


Control of each part is achieved through an exclusive vehicle controller, as shown in Fig. 4. For steering 
control, the steering angle is detected by the potentiometer mounted on the output shaft of the steering 
gear box and fed back to the servomotor driver in the vehicle controller so that the specified steering 
angle can be obtained. To simplify the system, shift positions are manually set prior to the test so that the 
velocity is controlled by switching between the part throttle previously set and full throttle. To ensure 
safety, the ROBOTRA has an emergency stopping mechanism that is activated by either a bumper switch 
or through radio control. 

2) Control system 

The main controller inputs information items related to navigation as well as various internal 
information, determines the control value for each part of the vehicle according to a path plan, and 
outputs them to the vehicle controller. A personal computer is presently used for the main controller. 
Inputs and outputs are processed through various boards that are suitable for each type of signal. A 
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communication modem of spectrum spread type (developed by Cralion, Co.) was used for the data 
transfer between the reference station of the navigation system and the controller on the ROBOTRA. 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/yukumoto2/34-2(5-2).htm (2 of 2) [10/7/2002 9:07:11 PM] 



Tabic 3. Specifications of the base vehicle 


Baw vehicle 

Model 

KUBOTA GL-320 


Tvpc 

4WD with front wheel sleeting 


Engine 

23.5 kW 1 2800 rpm 


Dimensions 

L 3J80 * W 1.455 K H I.9S5 mm. Weight 1,290 kg (excluding ihe implement) 

Additional equipment 

Automatic implement control system (depth and Levels 


hi- speed turning system, shuttle gear, power shift mechanism 

Control of each section 

Steering 

DC servomotor 

(position control) 

Throttle 

DC mcnet 

(twO'Stage control) 

Shuttle gear 

Electric servo cylinder 

(position control) 

Brake system 

Hydraulic cylinder 

(two-stage control) 

3P. linkage system 

Electrical signal 

(two-stage control) 

Engine stopping 

Solenoid 


system 



Others 

Emergency slopping device by radio control and safely devices 
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*□ ; Data, Seriaor signal 


Fig. 4. Control systems of the RQBOTRA 
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Implementation of autonomous operation 

1) Autonomous operation of tilling robots using the LNAV or SNAV 

The operation using the LNAV is executed by detecting the position of the vehicle through comparison of a signal 
with the magnetic reference. In the returning operation, an original method is applied to obtain the reference value 
of the next path, while performing the operation on the present path. Since the SNAV uses absolute latitude and 
longitude as its coordinate system, it differs from the XNAV. Therefore, the operation software applied to the 
SNAV uses a different method of managing the coordinate system from that for the XNAV, but the method is 
identical in other areas. 

Presently, the performance of the autonomous operation using the LNAV or SNAV is almost equivalent to that of 
the autonomous operation using the XNAV described in the following section. Detailed explanation will be given 
separately. 

2) Autonomous operation of tilling robots using the XNAV 

(1) Concept and strategy 51 

In the autonomous operation with the XNAV, the TMS is also used concurrently for the navigation system with the 
AP-L1. Detecting intervals of positional data are slightly long and heading information for the vehicle is required 
for turning and sideways movement. The operation of the whole field is performed by first making returning 
operations around the center of the field, assuming that the field has a rectangular shape, and then making a round 
operation around the peripheral areas of the field, including the headlands. For the tilling operation using the 
ROBOTRA, triple round courses are needed to perform the operation in the peripheral area, because a headland 
length of nearly 5 m is required for a returning operation. To generate the operation paths, one manual teaching run 
was performed along the field boundary, as shown in Fig. 5. Information on positions Pos to P3e and information on 
directions JEo toAL were obtained during the teaching run. As shown in Fig. 5, the operation paths consisted of, 

a. The transference path 1 from a comer of the field, the entrance to the field, 

b. Returning operation paths 1 to n, including the 180° turns in the headland, 

c. Transference path 2 from the end of the returning operation path to the starting point of round operation, and 

d. Round operation paths 11, 21, 31,..., including the 90° turns in each comer of the field. 

In path planning, it was assumed that the operation ended near the entrance to the field. By following the 
procedures of the actual operation reversely, the routes of 3 round operation paths were set so that the overlap 
between work areas was 10 cm, and the number of paths and routes of returning operation were set for the 
remaining area with proper overlap. 

(2) Operation software 10 - 1 1 ) 

Operation software to perform "teaching", path planning and autonomous operation consists of multiple software 
modules. Fig. 6 shows the flow of general software. These software modules include "straight operation routine", 
"180° turning routine", "90° turning routine", "sideways movement routine", etc. 

A returning operation consists of a straight run control and a 180° turn control. In the straight operation control 
routine (Fig. 7), an interval of 0.5 s was used to obtain position data and steering control. It was specified that 
heading data from the TMS would be applied to the straight mn control for the period of time when normal position 
data could not be obtained. In addition, countermeasures were implemented, such as temporary retraction after an 
180? turn to facilitate sideways movement for adjusting overlap at the starting point of tilling. 

In the round operation module, highly precise positioning is required to avoid any extmsion beyond the border of 
the field area, to ascertain that there are no untreated areas and to minimize stamping of the treated area. Therefore, 
the following measures were incorporated: 
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a. Small retraction or switchback before a 90° turn, 

b. Guidance to the target route after the turn, by sideways movements of forward and backward runs, and 

c. Providing learning function for the turning radius. 

Options to change the operation method depending on the conditions of the field have been provided, such as 
performing round operations of the whole field or returning operations to diagonal directions of the rectangular 
field. 

In addition, the positioning accuracy was improved at the end of the path by concurrently using dead reckoning at 
intervals of 0.1 s, based on the heading information and vehicle velocity. 

(3) Self-diagnosis and abnormality alarming^) 

To secure the reliability and safety of unmanned operations, this system is required with the following functions: 

a. A "self-diagnosis" function for confirming the normal operation of various sensors, actuators and control 
adjustment before starting the operation, and 

b. An "abnormality alarming" function for detecting the abnormalities of the system, and indicating any 
abnormalities to the operator (supervisor) during the operation, and/or temporarily discontinuing the operation until 
the abnormal state is eliminated. 

These functions are incorporated into the operation software, as shown in Tables 4 and 5. 

(4) Work performance^) 

To evaluate the performance of unmanned operation, we planned and executed 3 categories of evaluation tests as 
follows: 

a. Work performance tests to check the work efficiency and accuracy, 

b. Operation tests to check the ease of use and safety in the installation and setting of the robot, and 

c. Reliability tests to check the resistance to environments and the safety and reliability of work. 

To evaluate the effect of labor-saving by unmanned operation, in the work performance tests, we introduced such 
indexes as operator efficiency which refers to the time during which the operator works in a unit area. And to 
evaluate the work accuracy, indexes on straight running performance were introduced, too. 

Evaluation tests were executed in several fields. In some of the work performance tests, conventional manual 
operations were performed with the ROBOTRA by a skilled worker as well as under the conditions of unmanned 
operations. Examples of test results are shown in Table 6, and the trace of unmanned operation with the ROBOTRA 
and XNAV system in a paddy field 100 x 50 m in size is shown in Fig. 8. The overlap between work areas was set 
at 10 cm for both returning and round operations with a 1.7 m width implement. We found that the work efficiency 
and the work accuracy were nearly equivalent to those of conventional manual operations. In the straight running 
performance, the robot was superior to a skilled operator. Throughout the evaluation tests, no trouble occurred and 
there was no problem in the resistance to environments and the durability of the robot. 


Conclusion and prospects 

The authors carried out studies on navigation systems such as LNAV, SNAY, XNAV and TMS for tilling robots. 
Using these navigation systems, the position of the moving vehicles can be recognized with an error less than 5 cm 
and at intervals less than 1 s. During these studies, we attempted to use them for field operations as far as possible 
and investigated the feasibility of robotizing agricultural vehicles. 
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The tilling robot was composed of these navigation systems, the prototype vehicle, the controller and the operation 
software. We observed that the tilling robot can perform unmanned tilling over a whole field area of more than 50 a 
with almost the same efficiency and accuracy as manual work. However, when an unmanned vehicle performs an 
operation such as tractor work, any abnormality or problem of hardware or software may lead to a serious accident. 
Therefore, the tilling robot was fitted with the self-diagnosis and abnormality alarming functions, which conferred a 
high reliability and provided a fail-safe system for any emergency. 

Furthermore, when these technologies are introduced into actual fields, the following applications must also be 
studied. 

1) A single operator supervises several tilling robots that operate simultaneously. 

2) The operator performs other tasks while supervising the operation of the tilling robot. 

3) The tilling robot is also used for such operations as soil puddling, ridging, etc. 

4) New working methods are developed to maximize the use of the robot's ability. 


l:Cultural Control Systems of Naturalized Weeds in Forage Crop Fields 


MCI MU 
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Fig. 6. Main flow chart of operation 
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Fig, 7, Flowchart of straight operation routine 
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Tabic 4. Examples of self-diagnosing objects 

No. 

Item 

Check criteria 

1 

Position data 

1) normally acquired ? 

2) in the field area ? 

3) fluctuation is small ? 

2 

Heading data 

1) normally acquired ? 

2) in the direction along 

the longer side of field ? 

3) fluctuation is small ? 

3 

Inclination data 

1) normally acquired ? 

2) almost level ? 

4 

Operation mode 

automatic control mode ? 

5 

Gear position 

set position ? 

6 

Position lever 

in controllable position ? 

7 

PTO 

turned on ? 

8 

Fuel 

level > 1/2 ? 

9 

Steering 

automatically actuated ? 


Table 5. Checking of abnormalities 

No. 

Abnormal state 

1 Position data abnormality-1 

(data cannot be updated / data are abnormal) 

2 

Position data abnormality-2 
(auto-recovery cannot be operated) 

3 

Position data abnormality-3 
(data are outside of the field) 

4 

Excessive speed due to “dashing", etc. 

5 

Decrease in speed due to slippage, etc. 

6 

Excessive inclination 

7 

Overload to engine 

8 

Fuel shortage 

9 

Detection of obstacles 
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Abstract 

Experiments were conducted to control spiny amaranth ( Amaranthus spinosus L.) and velvetleaf ( Abutilon theophrasti Medic.) in a field of forage corn sown 
in early, mid-and late spring by using an Italian ryegrass ( Lolium multiflorum Lam.) living mulch, and to control swinecress ( Coronopus didymus (L.) J. E. 
Smith) in an Italian ryegrass sward by dense sowing at the Kyushu National Agricultural Experiment Station, Nishigoshi, Kumamoto. Growth of spiny 
amaranth in the com field depended on weed control treatments. The living mulch adequately controlled the weed in the field of com sown in early spring, but 
the weed-controlling effect was reduced with the delay in the sowing date, and the living mulch did not control the weed in the late spring sowing plot. 
Although the living mulch substantially reduced the fodder yield of com in the early spring sowing plot, it only slightly reduced the com yield in the 
mid-spring sowing plot. Pre-emergence application of atrazine + alachlor adequately controlled the weed irrespective of the sowing dates. Neither living 
mulch nor pre-emergence herbicide mixture adequately controlled velvetleaf, but the growth of velvetleaf in the field of forage corn depended on the sowing 
date of com. At the time of com harvest, growth in the late spring sowing plot was more reduced than that in the plot sown in mid-spring, which indicates that 
a shift of the com sowing date to late spring could be effective for avoiding damage by velvetleaf. Sowing of Italian ryegrass at twice as much as the standard 
density adequately suppressed the growth of existing swinecress in the ryegrass sward, and dense sowing markedly reduced the amount of the weed both in the 
first and second croppings of ryegrass without reduction of the crop yield. Cropping systems of forage crops that could effectively avoid the damage caused by 
velvetleaf, spiny amaranth and swinecress were examined based on the experimental results. 
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Introduction 

In recent decades, various alien weeds have been detected in forage crop fields throughout Japan. It is considered that these species were introduced through 
imported concentrates!!*), and some of them are recalcitrant. Our previous questionnaire revealed that the most serious naturalized weeds in the Kyushu district 
were spiny amaranth (Amaranthus spinosus L.) and velvetleaf (Abutilon theophrasti Medic.) in forage com fields and swinecress (Coronopus didymus (L.) J. 
E. Smith) in Italian ryegrass swards!!. 

Spiny amaranth and velvetleaf compete with com during the growing season, and their mature lignified plants, which reach 2 m or more in height, 
mechanically disturb the harvest. Spiny amaranth often occurs in fields treated with the conventional pre-emergence herbicides, i.e., atrazine, alachlor and 
their combination, and velvetleaf is considered to be resistant to the pre-emergence herbicides 3 ’ 6 ’ 12 ) . Although swinecress reaches a height of only 20 to 30 cm 
and has no adverse effect on Italian ryegrass growth, cows tend to produce milk with a strong odor of swinecress when the weed contaminated their feed§). 
Swinecress plants are often overlooked because they slip into the ryegrass sward, and thus, chemical control of this weed is frequently unsuccessful. 

For these reasons, it is important to develop cultural methods to replace chemical applications for the control of spiny amaranth, velvetleaf and swinecress. 

Living mulch (cover crop) is considered to be a suitable cultural method to control weeds in row crops in the United States!) and Sato et al.2) reported that the 
growth of swinecress observed in Italian ryegrass swards was affected by the sowing density of ryegrass. 

The objectives of this study were 1) to implement the cultural control of spiny amaranth and velvetleaf in forage com fields by the use of an Italian ryegrass 
living mulch, 2) to control swinecress in Italian ryegrass swards by dense sowing, and 3) to analyze the cultural systems applied to control these weed species 
in forage crop fields. 
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Materials and methods 


All the experiments were conducted at the Kyushu National Agricultural Experiment Station in 
Nishigoshi, Kumamoto. The soil type was a thick high humic Andosol (Melanudands). Plots were 
arranged in a randomized complete block design with 2 or 3 replications, and data were subject to an 
analysis of variance (P < 0.05). 

1) Control of spiny amaranth and velvetleaf in forage corn field 

Experiments were conducted to control spiny amaranth and velvetleaf in a forage com yield using a 
cultural method in 1995 and 1996. The experimental design is shown in Table 1. Com (Zea mays L. cv. 
Pioneer 3352) was sown 20 cm apart in rows 0.75 m apart in 3 m long plots. Velvetleaf seeds were 
treated with water at 70°C for 15 min to promote their germination^). After sowing of spiny amaranth or 
velvetleaf seeds, plots were treated with either a living mulch or a pre-emergence herbicide mixture to 
control the weeds. Italian ryegrass (Lolium multiflorum Lam. cv. Tachiwase) was sown at a density of 0.3 
and/or 0.6 kg/a in the living mulch plots, and pre-emergence application of atrazine + alachlor at a rate of 
10.0 + 10.8 g/a was performed in the herbicide-treated plots. For each weed, a single plot was left 
untreated as a check plot. In all the experiments, both the sowing of the weeds and the weed control 
treatments were carried out on the same day as the sowing of com. 

To monitor the growth of weeds and com, vegetation from either a 0.4 x 0.75 or a 0.6 x 0.75 m area with 
2 or 3 com plants in the center was cut periodically, and leaf area and dry weight of weeds and com were 
determined. At harvest time, 5 com plants from aim section of a central row in each plot, and 
vegetation in a 1 m section of interrow adjacent to the central row were cut to determine the dry weight. 

2) Control of swinecress in Italian ryegrass sward 

On October 18, 1995, Italian ryegrass was sown in three 3 x 6 m plots infested with swinecress seeds 
previously sown at a density of 50 g/a. In one of the plots, ryegrass was sown at a density of 250 g/a with 
post-emergence application of thifensulfron-methyl (Harmony) at a rate of 0.375 g/a 6 weeks after 
sowing (herbicide-treated plot). In the 2 remaining plots, ryegrass was sown at the density of 250 g/a 
(check plot) and 500 g/a (dense-sowing plot) without herbicide application. Samples of crops from the 
first and second croppings (hereafter referred to as "first and second crops") from two 0.5 x 0.5 m 
quadrates in each plot were harvested on April 15 and May 2, 1996, respectively. All the samples were 
assorted into the ryegrass and swinecress (no other species were found), and the growth of the weed and 
yield of ryegrass were determined. Prior to the sowing, swinecress seeds were treated by the method of 
KobayashiT) to promote their germination. Plots were fertilized at a rate of 0.5-0.5-0.5 kg/a with a 
16-16-16 N-P 2 O 5 -K 2 O compound fertilizer before sowing. 
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Tabic 1. Experimental design of spiny amaranth and velvetleaf control*' 




Com sowing time 



Early spring 

Mid-spring 

Late spring 

Date of com sowing 

April 5. 1995 

April 28. 1996 

May 24. 1996 

Amount of fertilizer applied 

3.0-3.0-3.0 

2.5-2.S-2.5 

2.5-2.5-2.5 

(N-P,0,-K,OXkg'a) 

Sowing rate (g/a) and 

17.8 

26.7 

26.7 

sowing depth of spiny amaranth seeds (cm) 

0 

0-8 

0-8 

Sowing rate (g/a) and 

46.0 

46.0 

46.0 

sowing depth of velvetleaf seeds (cm) 

a 

0-10 

0-10 

Plot size of one treatment (m) and 

3.0 * 6.75 

3.0 * 6.0 

3.0 * 6.0 

no. of rows in a plot (rows/plot) 

9 

8 

8 

Weed control method 1 ’' 

L3, L6. HB 

L3, HB 

L3. HB 

Date of sampling to determine growth 

7.9,11 

5.5,6.5.7.5,8.5 

5.5,6.5,7.5 

parameters in spiny amaranth control 
experiment (weeks after sowing) 

Date of sampling to determine growth 

6. 8. 10 

5.6.7,8 

5,6,7 

parameters in velvetleaf control 
experiment (weeks after sowing) 

Harvest date 

July 19, 1995 

July 29. 1996 

August 13. 1996 


a) : Each experiment was carried out in different fields. 

b) : L3 and L6: Italian ryegrass living mulch treatment sown at a density of 0.3 and 0.6 kg/a, respectively. 

HB: Pre-emergence application of atrazinc + alachlor at a rate of 10.0 + 10.8 a. i. g/a. 
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Results and discussion 

1) Control of spiny amaranth and velvetleaf in forage corn field 


(1) Spiny amaranth control 

Changes in the weight of spiny amaranth during com growth are shown in Fig. 1. Italian ryegrass living 
mulch completely controlled spiny amaranth during the growing season of com in the early spring 
sowing plot. Adequate weed control was achieved because Italian ryegrass grew vigorously enough to 
compete with the weed under cool temperatures during the growing season. The effect of the living 
mulch on weed control was less pronounced with the delay in com sowing, and the mulch of the late 
spring sowing plot failed to control the weed because the ryegrass seedlings withered at high 
temperatures after emergence. The effect of the mulch on the control of spiny amaranth in the mid-spring 
sowing plot was intermediate between that of the early and late spring sowing plots. 

Pre-emergence application of atrazine + alachlor adequately controlled spiny amaranth in every sowing. 
Weed seeds were present in the surface soil in the early spring sowing plot, and in soils at a depth of 0-8 
cm in the mid- and late spring sowing plots. The herbicide mixture completely controlled the weed when 
the weed seeds were in and under the herbicide-treated layer. Since spiny amaranth is sensitive to 
atrazine + alachlor, these herbicides may be absorbed both through the roots and the hypocotyls exposed 
to the treated soil!!. 

Changes in the dry weight and leaf area of com and spiny amaranth during com growth are shown in 
Table 2 and Fig. 2, respectively. In the early spring sowing plot, the living mulch suppressed the growth 
of com. The dry weight and LAI (leaf area index) of com in the living mulch plots were found to be 
significantly smaller than those in the untreated and herbicide-treated plots during growth in the early 
spring sowing plot. In the mid-spring sowing plot, although the dry weight of com in the living mulch 
plot was smaller than that in the untreated and herbicide-treated plots 6.5 weeks after sowing, and 
although the LAI of com in the living mulch plot was smaller than that in the herbicide-treated plot 7.5 
weeks after sowing, the living mulch suppressed the growth of corn less in the mid-spring sowing plot 
than in the early spring sowing plot. In the late spring sowing plot, the living mulch did not suppress the 
corn growth, and there was no difference in the growth parameters among the weed control treatments. 

Dry weight of spiny amaranth at the com harvest time and com yield are shown in Fig. 3. Spiny 
amaranth plants were not detected in the living mulch plots sown in early spring. In the mid-spring 
sowing plot, the dry weight of the weeds in the living mulch plots was smaller than that in the untreated 
plots, while in the late spring sowing plot, the dry weight of the weeds was similar. In the 
herbicide-treated plots, few spiny amaranth plants were observed, and the dry weight of the weeds was 
significantly smaller than that in the untreated plots in every sowing. In the early spring sowing plot, com 
fodder yield in the living mulch plots was reduced to 60-66% of that in the untreated plot. In the 
mid-spring sowing plot, a slightly lower com yield was observed in the living mulch plot. No significant 
difference was observed in the yield between the living mulch and the untreated plots in the late spring 
sowing plot. Corn fodder yield in the herbicide-treated plots was approximately similar to that in the 
untreated plots irrespective of the sowing dates. In the untreated and herbicide-treated plots, com yield in 
the late spring sowing plot was lower than that in the early and mid-spring sowing plots, because harvest 
was earlier than the maturation time of com to avoid damage by typhoons. 
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Meanwhile, pre-emergence application of atrazine + alachlor successfully controlled spiny amaranth 
irrespective of the sowing dates without any reduction in com yield, although this herbicide mixture has 
often been reported to be ineffective in com fields 8 ? Iff . Failure to control the weed using pre-emergence 
herbicides is often observed in fields in which slurry and/or immature compost had been continuously 
applied. It is assumed that a change in soil adsorption resulting from continuous application of organic 
fertilizer might be responsible for the ineffectiveness of the pre-emergence herbicidesbh 

The results revealed that the Italian ryegrass living mulch 1) strongly suppressed com growth in the early 
spring sowing although it could control the weed, 2) could not control the weed in the late spring sowing, 
and 3) could adequately control the weed in the mid-spring sowing without severe reduction of the com 
yield. The use of the living mulch could be a suitable method of control of spiny amaranth in fields of 
forage com sown in mid-spring if a slight reduction of com yield and slight infestation with the weed 
were acceptable to the farmers. Moreover, it is definitely an effective method of control in the fields 
where application of slurry and/or immature compost as fertilizer had reduced the effectiveness of 
pre-emergence herbicides. 

(2) Velvetleaf control 

Changes in the dry weight of corn and leaf area of corn and velvetleaf during com growth are shown in 
Table 3 and Figs. 4 and 5^ respectively. Data on mid-and late spring sowings are presented and analyzed 
because velvetleaf seeds used in the early spring sowing were less vigorous and the percentage of 
emergence was too low to obtain the data. 

Neither the Italian ryegrass living mulch nor pre-emergence herbicide mixture controlled velvetleaf 
during the growing season of com irrespective of the sowing dates. There were no differences among the 
weed control treatments in terms of the growth of the weed for both sowing dates. Although the living 
mulch had no effect on weed growth because ryegrass seedlings withered at high temperatures, the dry 
weight of the weed in the late spring sowing plot was smaller than that in the mid-spring sowing plot for 
all of the investigation dates during com growth. 

In the mid-spring sowing plot, there were no signficant differences in the change in the dry weight of 
corn between the plots treated with living mulch and untreated plots, and the dry weight of the 
herbicide-treated plots was largest among the weed control treatments. Although the LAI of corn in the 
mid-spring sowing plots was smaller in the living mulch and untreated plots than that in the 
herbicide-treated plots 5 and 6 weeks after sowing, no significant differences were observed among the 
weed control treatments subsequently. 

In the late spring sowing plot, the living mulch did not suppress com growth, and there were no 
differences in the growth parameters among the weed control treatments. 

Dry weight of velvetleaf at com harvest time and com yield are shown in Fig. 6. No significant 
differences were observed in the dry weight of velvetleaf among the weed control treatments in either the 
mid-or late spring sowing plot. However, the growth of the weed in the late spring sowing plot was much 
more reduced than that in the mid-spring sowing plot, and the difference corresponded to the weed 
growth during the com growing season. The reduced growth of velvetleaf in the late spring sowing plot 
may have been caused, partly, by competition with vigorous com growth during the growing season, and, 
partly, by the short photoperiodic response of the weedAD. There were no significant differences in the 
corn yield among the weed control treatments in either the mid- or late spring sowing plot. 
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In the current experiment, neither the Italian ryegrass living mulch nor the pre-emergence herbicide 
mixture could control velvetleaf in the forage corn field. However, shifting the sowing date to late spring 
should be recommended as a useful cultural method for avoiding damage by this weed. 
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Fig. 1. Changes in dry weight of spiny amaranth during corn growth 

UN(□) Untreated. L3(H)and L6(E3) : Italian ryegrass living mulch 
treatment sown at a density of 0.3 and 0.6 kg/a, respectively. MB 
(■)'Pre-emergence application of atrazine + alachlor at a rate of 
10.0+10. 8 a. i. g/a. 

Vertical lines indicate LSD(P<0.05). 
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Tabic 2. Changes in tirv weight of corn during grow th in the spinv amaranth control experiment 1 " 

(g/nr) 


Sowing time 

Early spring 


Mid-spring 



Late spring 

Weeks after sowing 

7 

9 

11 

5.5 

6.5 

7.5 

8.5 

5.5 

6.5 

7.5 

Untreated check 

36.8A 

191.6A 

451.5 A 

53.0A 

12I.7A 

182.5A 

329.5A 

75.5A 

22I.0A 

498.2A 

Living mulch plot (L3f 

I4.4B 

47.7B 

199 7B 

56.9A 

90. IB 

201.5A 

336.5A 

79.6A 

188.7A 

560.9A 

Living mulch plot (L6) kl 

I6.4B 

69.7C 

I27.8C 

- 

- 

- 

- 

- 

- 

- 

Pre-emergence application*' 

38.8A 

158 0D 

586.2D 

62.IA 

1I3.4A 

253.4A 

422.4A 

73.8A 

266.8A 

574.5A 


a) : Values followed by the same letters within the same columns are not significantly different (P<0.05> 

b) : Living mulch plots were treated with Italian ryegrass sown at a density of 0.3 or 0.6 kg/a. 

c) : Mixture of atrazine^-alachlor was applied at a rate of 10.0*10.8 a.i. g/a before com seedling emergence. 
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Weeks after sowing 



Fig.2. Changes in leaf area of corn and spiny amaranth during 
corn growth 

□ ^Untreated. O and ♦: Italian ryegrass living mulch treatment sown 
at a density of 0.3 and 0.6 kg/a, respectively. 0 : Pre-emergence appli¬ 
cation of atrazine + alachlor at a rate of 10. 0+10. 8 a. i.g/a. 

Spiny amaranth plants were not observed in the living mulch plots nor 
in the herbicide-treated plots in the early spring sowing. 

Vertical lines indicate LSD(P<0. 05) of corn. NS:Not significant (P< 

0.05). 


hack 
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Sowing date in spring 


Fig.3. Dry weight of spiny amaranth at corn harvest time 
and corn yield 

UN(□):Untreated. L3(H)and L6(0): Italian ryegrass living mulch 
treatment sown at a density of 0.3 and 0. 6kg/a, respectively. HB(H) • 
Pre-emergence application of atrazine+alachlor at a rate of 10.0+10.8 
a. i. g/a. 

Vertical lines indicate LSD(P<0. 05). NS^Not significant(P<0. 05). 
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Table 3. Changes in dry weight of corn during grow th in the velvetleaf control experiment 3 ^ 




Sowing date 


Mid-spring 



Late spring 

Weeks after sowing 

5 

6 

7 

8 

5 

6 

7 

Untreated check 

26.9A 

71.4 A 

146.8A 

212.2A 

86.1 A 

I37.2A 

296.1 A 

Living mulch plot (L3) b) 

25.4 A 

68.9A 

145.6A 

191.1A 

83.9A 

152.8A 

328.0A 

Pre-emergence application 0 

36.3B 

121.8B 

195.8B 

238.4A 

82.4 A 

184.3A 

332.6A 


a) : Values followed by the same letters within same columns are not significantly different (P<0.05). 

b) : Living mulch plot was treated with Italian ryegrass sown at a density of 0.3 kg/a. 

c) : Mixture of atrazine+alachlor was applied at a rate of 10.0-*-10.8 a.i. g/a before com seedling emergence. 
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UNL3JIB UNL3HB UNL3HB UNL3HB 
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Fig. 4. Changes in dry weight of velvetleaf during corn 
growth 

UN(□)-Untreated. L3(S): Italian ryegrass living mulch treatment 
sown at a density of 0.3kg/a. HB(|):pre-emergence application of 
atrazine+alachlor at a rate of 10.0+10.8 a. i. g/a. 

NS:Not significant (P<0. 05). 
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Fig.5. Changes in leaf area of corn and velvetleaf 

during corn growth 

□ :Untreated. 0 : Italian ryegrass living mulch treatment 
sown at a density of 0. 3kg/a. O•Pre-emergence application 
of atrazine+alachlor at a rate of 10.0+10.8 a. i.g/a. 

Vertical lines indicate the magnitude of LSD(P<0.05) of 
corn. NS:Not significant(P<0. 05). 
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Fig.6. Dry weight of velvetleaf at corn harvest 
time and corn yield 

UN(□)‘-Untreated. L3(S) : Italian ryegrass living 
mulch treatment sown at a rate of 0. 3kg/a. HB(®: 
Pre-emergence application of atrazine +alachlor at 
a rate of 10+10.8 a. i.g/a. 

NS^Not significant (P<0. 05). 
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2) Control of swinecress in Italian ryegrass sward 

Growth of swinecress and yield of Italian ryegrass at harvest time are shown in Table 4. At the first crop harvest, the plant density and weight 
of swinecress in both the dense sowing and herbicide-treated plots were smaller than those in the untreated plot. No flowering plants of the 
weed were observed in the first crop. At the second crop harvest, the plant density and weight of swinecress in both the dense sowing and 
herbicide-treated plots were much smaller than those in the untreated plot. After the first crop harvest, most of the swinecress plants in each 
plot resumed growth and flowered by the second crop harvest. The number of flowering plants in both the dense sowing and herbicide-treated 
plots was significantly smaller than that in the untreated plot. 

Ryegrass yield in the dense-sowing plot was almost similar to that in the untreated plot, but was higher than that in the herbicide-treated plot 
at each harvest. The decrease of the ryegrass yield in the herbicide-treated plot was ascribed to injury by the herbicide during the growing 
season (Table 4). 


It is concluded that dense sowing of Italian ryegrass should be a promising method not only for the suppression of the growth of swinecress 
plants present in the Italian ryegrass swards but also for the prevention of future infestation through the inhibition of seed production. 

3) Cropping systems of forage crops for weed control 

Forage com production followed by the planting of Italian ryegrass is a major cropping system in the Kyushu district, where pre-emergence 
application of atrazine + alachlor is performed for weed control in forage com field (System 1 in Table 5). Spiny amaranth and velvetleaf in 
the com fields and swinecress in the ryegrass swards are the most serious weeds in this cropping system. The present study revealed that 1) 
ryegrass living mulch could be applied to control spiny amaranth in com sown in mid-spring, 2) damage to com caused by velvetleaf should 
be less serious in the late spring sowing than that in the mid-spring sowing, and 3) the growth of swinecress in the Italian ryegrass sward 
could be suppressed when the ryegrass is sown at a high density. Based on these results, Table 5 presents 5 modified cropping systems in the 
forage crop fields infested by these weed species. 

Spiny amaranth could be controlled with the pre-emergence herbicide mixture irrespective of the sowing date. However, in the fields where 
fertilization with immature compost has reduced the effectiveness of the herbicide mixture owing to the changes in soil adsorption, Italian 
ryegrass living mulch should be applied for controlling the weed and com must be sown in mid-spring in this case (System 2). Although 
neither the pre-emergence herbicides nor the living mulch could control velvetleaf, weed damage to com was less appreciable in the late 
spring sowing. In the Kyushu district, when Italian ryegrass is harvested twice using a bale machine specialized for grass harvesting, the 
second crop is often harvested in mid-spring. Therefore, it is recommended to sow com in late spring after the second harvest of Italian 
ryegrass to avoid the damage by velvetleaf and to use efficiently the bale machine (System 3). 

As herbicide application is not useful to control swinecress in an Italian ryegrass sward, dense sowing may be the only effective method of 
weed control. In the case of the ryegrass sward already infested with swinecress, dense sowing might be combined with System 1, 2 or 3, 
depending on the weed species in com, and Systems 4, 5 and 6 could be recommended. 
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Tabic 4. Growth of swinecress and Italian ryegrass yield harvest time a) 


Weed control 

treatment 
(sowing density 
of ryegrass 


First cropping”' 



Second cropping” 



Swinecress^) 



Swinecress 0 ) 

Italian 

ryegrass 

yield 

No.of 

plants 

Dry 

weight 

No. of ryegrass 
flowering . , , 

, * yield 

plants 

No. of 
plants 

Dry 

weight 

No. of 
flowering 
plants 

(kg/a) 

(/m 2 ) 

(g/m 2 ) 

(/m 2 ) 

(kg DM/a) 

(/m 2 ) 

(g^n J ) 

(/m 2 ) 

(kg DM/a) 

Untreated (0.25) 

28.3A 

2.56A 

0 

I13.6A 

I8.7A 

1.74A 

17.7A 

38.8A 

Dense sowing (0.50) 

3.3B 

0.05B 

0 

99.4A 

2.7B 

0.20B 

2.3B 

40.4A 

Herbicide* 1 ' (0.25) 

5.0B 

0.03B 

0 

71.3B 

I.0B 

0.02C 

1.0B 

27.8B 


a) : Values followed by the same letters within same columns are not significantly different (P<0.05). 

b) : First and second crops were harvested on April 15 and May 18,1996, respectively. 

c) : Swinecress was sown at a density of 0.05 kg/a prior to the ryegrass sowing. 

d) : Post-emergence application of thifensulfiron-methyl (Harmony) was made at a rate of 0.375 g/a 42 days after 

ryegrass sowing. 
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Table 5. Cropping systems for the control of spiny amaranth, velvetleaf and swinecress in forage crop fields 


Cropping Weed control 

System treatment (A) 


Forage crops and their growing season 


!I I_I— 


May June July Aug 


Oct. Nov. Dec. 


Q aaaaaaaacoiti /vwwvw x 


M Inin 1 ■ ww 


System 2 Living mulch (A 2) Spiny amaranth inefTective 


O /wwvwicotn IWWWIA X 


v Italian ryegrass a 


Shift of sowing 

System 3 

InefTective ^ lulian ryegrass aaaa x 

Ptc-cmergence General 

System 4 application (A I) effective 

Dense sowrng ( A 4) Swmecreas « !,»),«ryeyass aaaa x 

Living mulch (A 2) Spiny amaranth 

System 5 

Dense sowing (A 4) Swinecress 


Shift of sowing 
System 6 dale (A 3) 

Dense sowing (A 4) 


m ryegrass aaaa x /vwwn x 


A4 ryegrass 


A M: Weed control treatment O : Sowing of forage crops. x : Harvest of forage crops. 
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Abstract 

An ammonia treatment system for cereal straws has been recently developed in Japan. The new method 
is based on a contractor system and is referred to as the "HOKUNOU-S" system. Ammoniation can be 
used for all types of silos, including, stack, bag, tube and bunker silos as well as wrapped bales. In 
addition, this technique is suitable for use where a safe, economical, labor-saving treatment with 
ammonia can be applied. The injection system consists of a large-sized high-pressure vessel, a volume 
and pressure regulator, lead hose, an injection pipe and nozzle; the durability of this equipment and the 
safety of its handling comply with Japanese industrial standards. For one treatment, normally 8 kg of 
ammonia is injected into a round bale 1.2 m in diameter within 1-2 min. About 101 or 40 round bales of 
cereal straw can be treated by a contractor within 1 h. By treating rice straw with ammonia, the TDN 
content of rice straw increased from 40 to 60%. As a result, treated rice straw was similar to good quality 
grass hay while treated barley and wheat straws were similar to grass hay harvested at a slightly later 
stage. An adequate level of breeding efficiency in yearly calving was obtained in the 3-year reproduction 
test using a total of 96 breeding cattle. The cost varied with the supply and demand of straw, the length of 
the actual working time of the wrapping machine, and field conditions (wet conditions cause an increase 
in time and therefore an increase in harvesting expenses). 

Discipline: Animal industry 

Additional key words: silage, animal nutrition, hyperexcitability in cattle 
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Introduction 

Feeding value, palatability, and digestibility of low-quality cereal straws can be remarkably improved by 
treatment of the straw with ammoniaT). Ammoniation of straw has thus contributed to a considerable 
increase in livestock production in many countries. A fully automated system of ammoniation is already 
being employed in some European countries. However, a method for ammoniating crop residues has only 
been partly adopted in Japan due to the difficulty in handling ammonia and farmers' collection of cereal 
straw. Furthermore, in Japan, the storage, transportation, handling and application of ammonia are more 
strictly regulated than in other countries. Use of ammonia is restricted by the following regulations: the 
Poisonous and Deleterious Substance Control Law, the High Pressure Gas Control Law, the Fire Service 
Law, the Industrial Safety and Health Law, and the Ordinance on the Prevention of Hazards due to 
Specified Chemical Substances. To promote widespread production and the use of cereal straw for feed, 
it is necessary to develop a safe, low-cost ammonia process as well as a system for supplying and using 
ammonia safely. Such a treatment system has been recently developed in Japan. The new method based 
on a contractor system is referred to as the "HOKUNOU-S" system3). 
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Description of the 
contractor system 
"HOKUNOU-S" 


The operation of this new 
system consists of the following 
3 functions: collection of cereal 
straw, wrapping of the straw 
with plastic stretch film, and 
ammonia injection. A specially 
trained and certified contractor 
injects liquid ammonia into 
wrapped round bales through a 
perforated stainless steel pipe. 

As illustrated in Fig. 1, the 
contractors are responsible for 
Fig.2. Rapid and safe injection of ammonia dealing with the treatment while 

the farmers are required to bale, 

collect, and wrap the straw to be treated. Ammoniation can be used for all types of silos, including stack, 
bag, tube and bunker silos, as well as wrapped bales. In addition, this technique is suitable for use where 
a safe, economical, labor-saving treatment with ammonia can be applied and where the results of its 
effectiveness can be confirmed (Fig. 2). For outside storage, round bales wrapped with plastic stretch 
film allow for better treatment and preservation. There is a minimum risk of waste compared with that of 
stack and bunker silos. If the moisture content is high, the quality of straw ammoniated in stack or bunker 
silos is often reduced soon after opening. 


1) Rapid and efficient operation of ammonia injection 

The injection system consists of a large-sized high pressure vessel, a volume and pressure regulator, lead 
hose, an injection pipe and nozzle; the durability and safety of handling of this equipment comply with 
the Japanese industrial standards. Ammonia is injected through a perforated stainless steel pipe, the 
sharpened conical head of which is easily inserted into wrapped bales of straw. The pipe is perforated 
with a number of holes, 2-3 mm apart, along its length for efficient and faster injection of liquid 
ammonia, which results in the thorough volatilization of the remaining ammonia, as indicated by 
structural tests. A variable orifice meter controls the flow rate of liquid ammonia to the bale. However, 
other factors affect the flow rate of ammonia, such as the ambient temperature and the pressure of 
ammonia in the vessel. For one treatment, normally 8 kg of ammonia is injected to a round bale 1.2 m in 
diameter within 1-2 min. About 10 t or 40 round bales of cereal straw can be treated by a contractor 
within 1 h. 
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2) New plastic stretch film 
and air-tightness 
Cereal straw, air-dried to 
less than 30% of its original 
moisture content, is 
collected and wrapped with 
a newly introduced plastic 
stretch film. This film was 
developed to improve 
various physical properties 
including the ability to 
stretch, plasticity, clinging 
ability and durability. All of 
these are combined to ensure 
a complete airtight seal for 
the prevention of mold 
growth and better 

Wrapping of cereal straw with plastic stretch film preservation over longer 

periods of time, even when 

ammoniation is delayed (Fig. 3). A rudimentary method of ammoniation was used to inhibit further mold 
growth in grass hay and cereal straw, particularly when they became wet due to rain. However, such wet 
materials must not be injected with ammonia, due to the possible formation of toxic substances. Due to 
the security issues relating to the safety of livestock feed and public food supply, there is a growing 
awareness of the potential problems associated with ammoniation of crop residues with excessively high 
moisture. These issues will be discussed later in this report. 


Fig.3 


3) Appropriate amount of ammonia injected 

Based on a number of experiments, the quality of treated straw can be improved when the amount of 
ammonia added increases. An amount of ammonia ranging from 2.5 to 3.5%, based on the dry matter of 
the straw, can be justified for the cost. Since in straw containing more than 30% moisture, a reduction in 
forage quality and the occurrence of toxic products are likely to occur, emphasis should be placed to 
determine the maximum amount of ammonia that can be safely administered. Four percent ammonia, 
based on the dry matter content, may be recommended as the upper limit. This amount will result in high 
performance in terms of cost and will also enable to avoid the risk of toxicity problems in livestock, e.g., 
hyperexcitability. As the concentration of ammonia is closely related to a satisfactory reaction with the 
straw, it is preferable to hire trained contractors than using farmers' more rudimentary methods to ensure 
that an accurate amount of ammonia is injected. 

4) Distribution of ammonia injected into straw 

When ammonia is injected into the straw and absorbed, it binds to the fiber. Although the concentration 
of ammonia during dissipation remained at about 3.9% in a bag silo and 6.1% in a wrap silo just after 
injection, it drastically decreased to less than 1.0% after about 20 days and 0.78 and 0.82% remained 
approximately 103 days later, respectively. It was also observed that treatment with 1% ammonia always 
resulted in a lower level of permeation of ammonia than treatment with 3%, as evidenced by the average 
value of 0.02% about 103 days after injection. This type of ammonia became stable until 28 days after 
injection and did not change appreciably in the wrapped bales and bag silos (Table 1). 
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The amount of straw-bound ammonia can be estimated by air-drying a sample in an oven and measuring 
the increase in the nitrogen content of the treated materials. The amount of absorbed and straw-bound 
ammonia was calculated to be about 70 and 20% of the total amount, respectively, when an amount of 
3% ammonia was used. The residual amount of ammonia injected vaporized and was released during 
storage. In straw with a high moisture content, a considerable amount of absorbed ammonia easily 
vaporizes and is released into the atmosphere, especially when combined with the moisture from ponds 
near the upper surface of the bale or stack when opened. Wastage of ammonia and air pollution can be 
prevented by avoiding treating straw with a high moisture content and by mixing ammonia in the treated 
materials with volatile fatty acids (VFAs). Ammonia binds well to the VFAs which are present in the 
silage. These aspects should be carefully considered as the treatment becomes more popular in Japan. 

5) Temperature for treatment 

A chemical reaction between ammonia and straw normally occurs faster at higher than at lower 
temperatures. When liquid ammonia is injected, the temperature increases rapidly, reaching a maximum 
value 2-6 h after injection. The increase ranges between 40 and 60°C, depending on the following 
factors: temperature at the onset, amount of ammonia injected, exposure time of the reaction, and 
moisture content of the treated materials. Due to the combination of internal temperature with radiant 
heat from sunlight, temperatures above 80°C can occur in the outer layer of round bales. The decrease in 
temperature also depends on a number of factors causing ambient temperatures to level off at about 
15°C. This temperature is normally reached within 1-2 weeks after injection. Liquid anhydrous ammonia 
is gradually vaporized at the bottom of a stack, leading to a drastic cooling of the surroundings. The 
temperature at the bottom is below 0°C for 5 days after injection and reaches a value of 15°C (ambient 
temperature) after an additional 6-7 days (Fig. 4) . The time necessary to treat cereal straw depends on the 
temperature; the lower the temperature, the lower the rate of treatment. Data on the temperature of the 
treatments revealed that optimum improvement in the feeding value can be achieved after 8 weeks of 
storage at temperatures below 5°C, between 4-8 weeks at temperatures around 5-15 °C, between 1-4 
weeks at temperature from 15-30°C, and at 1 week at 30°C. These findings indicate that effective 
treatment requires more than 1 month at high temperatures and 3 months at low temperatures. 

Palatability is also improved when the duration of the period of treatment increases. Colorless and 
transparent films were initially used, which enhanced the increase of the ambient temperature. In the new 
injector system, white films were developed and were recommended for use in order to avoid the drastic 
increase of ambient temperature and toxicity of the treated materials to livestock. 
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Table 1. Distribution of ammonia injected into feed stuffs 


Type of silo 


Bag silo 


Wrap silo 

Days after injection 

14 

28 

56 

56 

Straw-absorbed NH3 

70 

89 

% 

84 

109 

Straw-bound NH3 

20 

34 

35 

40 

Permeated NH3 

0.2 

0.1 

0.4 

0.8 

Released NH3 

30 

10 

16 

-9 


Cereal straw was treated with 3% ammonia based on dry mat¬ 
ter weight. 
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Feeding method of treated cereal straw for cattle and sheep 

1) Intake of treated straw 

By treating rice straw with ammonia, the TDN (total digestible nutrients) content increased from 40 to 
60%. Thus, treated rice straw was found to be similar to good-quality grass hay, while treated barley and 
wheat straws were similar to grass hay harvested at a slightly later stage. Ammoniated cereal straw 
offered to ruminants provides a larger source of supplementary nitrogen than grass hay. When fed to 
animals in higher amounts, supplements of minerals and vitamins are required. Cereal straw contains 
virtually no vitamins and fewer minerals than does grass hay. According to the practical guidelines for 
the feeding of ammoniated cereal straw in Japan, the recommended daily allowance of treated roughage 
was up to 2 kg per day per cow. These guidelines were set mainly because the concentration of ammonia 
in roughage (dry matter basis) was barely controlled under the conventional method, and was used only 
as a method of inhibiting mold in damp grass hay. The "HOKUNOU-S" system has been authorized for 
application to cereal straw, but not to grass hay. Furthermore, since it can only be applied under strict and 
safe conditions, it may enable to increase the intake of treated straw as mminant feed, thus lowering the 
cost of production for beef and dairy cattle operations. 

2) Feeding experiment with treated straw given to breeding beef cattle 

A 3-year reproduction test using a total of 96 breeding cattle was carried out at the Tokachi Farm of the 
National Animal Breeding Center and the Hokkaido National Agricultural Experiment Station in Japan. 
Cattle reared under the system of summer-grazing and winter-housing were fed treated straw during the 
winter. In these cattle, dry-matter intake of treated straw (6 kg per day), and palatability of treated straw 
as a basal ration were high (Table 2). The contents of vitamins and minerals of the treated straw are 
lower than those of grass hay. However, by supplementing the ration with vitamins A, D and E, 
phosphate, calcium, and other minerals, a satisfactory level of breeding efficiency in yearly calving was 
obtained (Table 3). The occurrence of white muscle disease in calves can be prevented by the addition of 
selenium in rations, since the selenium levels in the soils of field and cereal straw tend to be very low in 
Japan. If ammoniated straw is to be used as livestock feed, selenium should be added. 

Treatment costs for cereal straw 

The treatment costs for cereal straw include the expenses for the purchase or baling of the straw, 
collection and transfer, and wrapping and ammonia injection. The cost is about 32 yen per kg of wheat or 
barley straw in Hokkaido and if the cereal straw could be home-delive-red, the price may be reduced to 
20 yen. The cost varies with the supply and demand of straw, the length of the actual working time of the 
wrapping machine, and field conditions-wet conditions cause an increase in time leading to the increase 
of harvesting expenses^!. 

Metabolic disorders in cattle fed treated roughages 

Only in the last 2 decades has ammoniation of cereal straw and other agricultural by-products been 
subjected to research for use in animal feed rations. However, in 1984, the first cases of hyperexcitability 
in cattle and sheep fed on treated roughage were reported, due in large part to the increasing popularity of 
ammoniation as a method of enhancing the intake and digestion of low quality roughage in 
ruminants 1 ’ 2 ’ 6 ) . The hyperexcitability of ruminants, generally referred to as "Bovine bonkers", is 
associated with a neurological disorder. Thus, a number of leading factors have been extensively 
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examined, including the method of ammoniation, treatment temperature, level of intake of treated 
roughage, cereal species and variety, sugar and magnesium contents in the roughage. The possibility of 
transfer of substances to milk and other animal products should be more thoroughly investigated to 
ensure the safety of society's food supply. 

1) Feeding test for detection of possible toxicity of roughages in Japan 

Since the late the 1980s, feeding trials using treated rice, wheat, and barley straw have been extensively 
conducted on dairy cows and beef cattle in Japan. There have been no reports of the occurrence of 
metabolic disorders in ruminants fed cereal straw treated with 3% ammonia based on dry matter weight. 
It was also confirmed that straw treated with an amount of up to 6% ammonia did not show any adverse 
effect on the health and growth efficiency of steers; the feeding value was found to be as high as that of 
straw treated with a 3% concentration of ammonia. However, in rare cases where immature grass 
containing higher levels of soluble sugars was treated even with a 3% concentration of ammonia and was 
subsequently fed to cows, the suckling calves displayed signs of hyperexcitability 51, presumably due to 
the passage of toxins in cow's milk. A feeding trial using such toxic grass (treated with a 6% 
concentration of ammonia) showed a decrease in milk production in young dairy cows compared with 
previous calvings. Treatment of high-quality immature grass with high concentrations of ammonia was 
found to be toxic and to have an adverse effect on milk production^). 

2) Practical guidelines for ensuring feed safety 

Several important factors must be considered for the ammoniation of crop residues. The feeding system, 
and type and age of animals are also equally important factors to be considered to determine whether 
treated roughage will have a toxic effect or cause hyperexcitability. By following a standardized 
procedure for ammoniation, the occurrence of "Bovine bonkers" can be prevented to achieve safety in 
animal production and in the supply of wholesome food to the public. It has been demonstrated that in 
the presence of moisture, ammonia and glucose react to form 4-methylimidazole. The 2- and 
4-methylimidazole compounds are known to cause convulsions in mice and have been implicated in a 
clinical poisoning syndrome in cattle. The guidelines for ammoniation recommended in Japan are as 
follows: 

(a) Roughage containing high levels of reduced sugars, including grass and whole crop feeds, should not 
be subjected to ammoniation. Moldy roughage should be excluded from treatment because it may 
produce toxic materials (Fig. 5). 
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(b) The concentration of 
ammonia administered is 
normally 3% or less, 
based on the dry matter 
of the straw; when the 
moisture content exceeds 
30%, a concentration of 
up to 4% ammonia is 
permitted. 

(c) Better diffusion of 
ammonia can be 
obtained by injecting 
ammonia into the lower 
part of round bales and 
turning the bales upside 
down. 


Fig.5. Modlv roughage that should not be ammoniated 

plastic stretch film and storing feed in a shaded area. It is also recommended to 
to avoid heating due to respiration and aerobic fermentation. 

The contractor must follow these guidelines completely, as required by the legislation concerning feeds 
and feed additives. The legislation has recently been amended in Japan to include the use of 
"HOKUNOU-S"-processed ammoniated straw as feed for ruminants. 


(d) Treatment at high 
temperatures should be 
avoided by using white 
quickly wrap round bales 



KKX7 


isolation of Bacteria Producing Bluish-Purple Pigment and Use for Dyeing 


i mini: 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/manda/34-2(7-3).htm (3 of 3) [10/7/2002 9:08:29 PM] 





Table 2. Dry matter intake of ammonia ted wheat straw 


Year 

Feeding period 

Feeding days 

Intake 

(DM kg d -1 ) 

1990 

12/17-5/15 

150 

7J 

1991 

12/5 - 5/20 

167 

63 

1992 

11/6-5/29 

205 

6,2 
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Table 3. Breeding record of Japanese black beef cattle fed ammoniated cereal straw under a sum¬ 
mer-grazing and winter-housing system 


Year 

Insemination 
(No. of 
cattle) 

Conception 
(No. of 
cattle) 

Conception 

rate(%) 

Stillbirth 
(No. of 
cattle) 

Calving 

rate(%) 

Delivery 

interval 

(days) 

1990 

30 

29 

96.6 

KD 

93.3 

374 

1991 

33 

33 

100.0 

2(1) 

91.2 

385 

1992 

33 

33 

100.0 

2(0) 

92.3 

363 


( ): summer grazing season. 
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Abstract 

Janthinobacterium lividum was isolated from wet silk thread whose color became bluish-purpleTAl. This bacterium produced large amounts of 
bluish-purple pigment on some media containing amino acids, such as Wakimoto medium. The pigment was extracted with methanol and was identified 
as a mixture of violacein and deoxyviolacein. This pigment could be used to dye not only natural fibers like silk, cotton and wool, but also synthetic 
fibers like nylon and vinylon, and generally gave a good color tone. The shade depended on the material. Silk, cotton and wool showed a bluish-purple 
color, nylon a dark blue color, and acetate a purple color. Dyeing could be performed by a simple procedure consisting of either dipping in the pigment 
extract or boiling with the bacterial cells. By changing the dipping time and the temperature of the dye bath, shades ranging from light purple to deep 
bluish-purple could be selected. The color fastness of the dyed material was about the same as that of materials dyed with vegetable dyes, but the color 
faded easily when the material was exposed to sunlight. However, since the pigment can be mass-produced by culturing, if these shortcomings could be 
overcome, the dye may become promising. The pigment displayed an antimicrobial activity against phytopathogenic fungi like Rosellinia necatrix which 
causes white root rot of mulberry 71. It could also be used as a bio-fungicide. 
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Introduction 

At present, fabrics are dyed mainly with synthetic pigments. However, natural pigments are still valuable because of their natural color tones. People 
have had a strong liking for natural purple pigments since ancient times. Among the natural purple pigments, that obtained from shell fish belonging to 
the genus Murex is very famous. But it is very expensive because mass production is difficult. About 10 years ago, one of the present authors (Kojima) 
observed that parts of wet silk threads, that had been left unattended, had turned bluish-purple. Since then, this color change of silk thread waste was 
observed every year in winter!!. In the course of studying this phenomenon, one of the present authors (Shirata) isolated Janthinobacterium lividum from 
such silk threadsAR The bluish-purple pigment produced by this bacterium dyes not only natural fibers like silk, wool and cotton, but also synthetic 
fibers like nylon and acetate fairly well. The main component of this pigment was found to be violacein, which could be obtained in large amounts by 
culturing the bacterium. Since the fabric dyed with this pigment has a mild feel, it can be successfully used as a fabric dye®. 
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Materials and methods 

1) Culture medium 

The following 6 types of culture media were used. 

(1) Semi-synthetic potato agar medium (Wakimoto medium): 1,000 mL of boiled extract of 300 g 
potato tubers, 0.5 g of Ca(N03)2u4H20, 2 g of Na2HP04ul2H20, 5 g of peptone, 15 g of sucrose 
and 15 g of agar. 

(2) Potato sucrose agar medium (PSA medium): 1,000 mL of boiled extract of 250 g potato tubers, 
20 g of sucrose and 15 g of agar. 

(3) King B medium: 20 g of proteoe peptone No. 3, 1.5 g of K 2 HPO 4 , 1.5 g of MgS04u7H20, 10 
mL of glycerol, 15 g of agar and 1,000 mL of water. 

(4) Modified King B medium: King B medium without K 2 HPO 4 and MgS04u7H20. 

(5) Peptone agar medium: 20 g of peptone, 1,000 mL of water and 15 g of agar. 

(6) Silk extract agar medium: 1,000 mL of boiled extract of 20 g of silk thread waste and 15 g of 
agar. 

Unless otherwise specified, the semi-synthetic potato agar medium(a) was used for all the 
experiments. 


2) Isolation and identification of the bacterium 

The bacterium was isolated using standard methods from the bluish-purple parts of silk thread 
waste. Fresh bacteria that had been cultured for one day at 25 were used for identification. The 
morphology of the bacterium and the colonies, the extent of multiplication at 37, motility, Gram 
reaction, and production of water-insoluble pigments and fluorescent pigments were examined by 
standard methods^). Other bacteriological properties were determined by identical sets of bacteria, 
API20E and API20NE, using Janthinobacterium lividum strain JAM 13948 (=ATCC 12473 type) 
as the standard. 


3) Bioassay of physiological activity 
(l)Effect on cultured insect cells 

A cultured cell line originating from the ovaries of Antheraea eucalypti, a silkworm of the family 
Satumiidae, has been established^). We used A. eucalypti cells that had been successively cultured 
in the Silkworm Disease Laboratory of the National Institute of Sericultural and Entomological 
Science to study the effect of the pigment on cultured cells. These cultured cells are known to be 
highly sensitive to toxic components. In our experiments, the cells were cultured at 26 in a culture 
solution prepared by the addition of 5% each of silkworm serum and bovine embryo serum to the 
medium used by Graced). For examining the effects, 0.1 mL of the pigment suspension containing 
0.3% of the dried methanol extract of the pigment was added to 3 mL of the culture solution and 
the culture was maintained for 48 h. The cells were then observed through an inverted microscope 
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to detect abnormalities. 


(2) Toxicity to silkworms 

First instar larvae of the silkworm variety Habataki were fed with mulberry leaves that had been 
treated with 0.1 g of the dried methanol extract of the pigment per 1.4 g of leaf, and the growth 
during the first instar stage was observed. 

(3) Anti-microbial activity 

Five bacteria and 8 fungi, all of which are plant pathogens, were used for testing the anti-microbial 
activity (Table 3) . 

In the case of bacteria, 15 mL of King B medium that had been first dissolved and then cooled to 
55 and 2 mL of a bacterial suspension containing about 10 9 cells per mL were mixed and poured 
into a 9 cm diameter petri dish to prepare flats containing the bacteria. Separately, 1 g of dried 
methanol extract of the pigment was dissolved in 50 mL of acetone to prepare a stock solution. 
This stock solution was mixed with an equal amount of distilled water to prepare a diluted 1/2 
strength solution, which was then diluted successively, to half strength each time, using 50% 
acetone. A 10%L of this diluted solution was dropped onto the medium containing the bacteria. 
After evaporation of the acetone and water in a clean bench, the bacteria were cultured for 1-2 
days and the diameter of the growth inhibition zone of the bacteria, that appeared as a transparent 
circular area in the region where the diluted pigment solution had been added, was measured. 

In the case of fungi, a small piece of fungal mass (about 0.5 x 0.5 x 0.5 mm) was inoculated onto 
PSA medium and 10 mL of the diluted pigment solution prepared above was dropped over the 
fungal mass. After culturing for 3-4 days, the diameter of the fungal colonies that had developed 
was measured. 

(4) Color fastness 

Silk and cotton fabrics that had been dyed with the methanol extract of the bacteria, and those 
dyed by boiling with the bacterial cells, were used to examine the color fastness, according to the 
JIS method^). The color depth of the silk fabric used in the experiment corresponded to No. 3 of 
the standard color depth chart. 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/shirata/34-2(8-2).htm (2 of 2) [10/7/2002 9:08:35 PM] 



Table X Antimicrobial activity of the bluish-purple pigment against phytopathogens 




Dilution of pigment solution" 



1 

4 

8 

16 

22 

64 

(Bacterium) 

Diameter of growth free zone (mm) w 

Baciltus subiitis 

13 

L3 

10 

8± 

8± 

e± 

Clavibacter michiganensis pv. ffwchrgflnenjts 

21 

17 

9 

8 

R± 

o± 

Envlnie carotowa subsp camiowra 

D 

0 

0 

0 

0 

0 

Pseudomonas cickorii 

0 

0 

0 

0 

0 

0 

Xanthomonas cam pestris pv, oryzae 

15 

13 

12 

8 

B± 

0± 

(Fungus) 


Growth inhibition^)* 1 


Bipolar is leersiae 

70 

67 

64 

44 

IS 

3 

Batrytis cinma 

S3 

SI 

72 

49 

15 

2 

CoiietOfrichvm dcmanUum 

100 

100 

100 

100 

100 

100 

Diaporthe nomurai 

100 

95 

84 

52 

40 

16 

Fusartum lateritium f. sp. tttori 

63 

56 

33 

)l 

4 

0 

Fusanum soi&ni f. sp mart 

63 

58 

54 

20 

17 

13 

R&xdtima necatrif 

100 

100 

100 

10O 

100 

58 

Sclervtinia scterotionim 

95 

94 

83 

23 

8 

0 


a) t The pigment was extracted from bacterial cells with methanol and dried, I g of this dried 

extract was dissolved in 50 mL of acetone which was taken as the full strength solution 
Hie solution prepared by the addition of an equal amount of distilled water lo the full 
Strength solution was taken as the 2 dilution solution. In the subsequent dilution steps, an 
equal amount of 50% acetone was used for the dilution A 50% acetone solution was used 
as the control. 

b) : A 10 pL aliquot of the diluted solution was dropped onto King B medium that had been 
mixed with the bactemttn. After 2 days of culture, the diameter of the area where there 
was no growth was measured, The ± symbol indicates that (he antibacterial activity was 
very low. 

c) : Small pieces of fungal colonies were placed on PSA medium and 10 pL of the diluted 

solution was dropped onto them, The diameter of the fungal colonies was measured 3-5 
days later and the inhibition rate of the growth of each fungal colony compared lo the 
diameter of the fungal colonies in the control, was calculated. 


HACK 
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Results and discussion 

/) Characteristics of the bacterium and pigment 
(1) Isolation of the bacterium 

Considering that the blue color of the silk thread waste was due to a microbe, we attempted the isolation of the bacteria on various medial. During the 
first 2 days of culture, a number of yellow and greyish white bacterial colonies appeared, but there were no bluish-purple colonies. After 4 days, 
however, small bluish-purple colonies appeared on the King B medium (Fig. 1-1). This culture was mixed with sterile water and subjected to pure 
culturing on the semi-synthetic potato agar medium. Dark bluish-purple colonies and light purple colonies developed within 3 days (Fig. 1-2). When 
silk thread waste was inoculated with the dark bluish-purple colonies, the thread developed a bluish-purple color within a few days. 



Fig.l. Janthinobacterium lividum which produces a bluish-purple pigment and samples dyed with the pigment 
1: Isolation of bacteria on King B medium. Bacteria that produced bluish-purple pigment could be seen in 4-days-old colonies. 

2: Isolation of bacteria that produced bluish-purple pigment on semi-synthetic potato agar medium. The light and dark purple colonies all consist of J.lividum, the 
dark colored colonies be longing to strains with high pigment production. 

3: Multiplication of 7. lividum and pigment production on potato sucrose agar medium (PSA, upper) and semi-synthetic potato agar medium (lower) at different 
temperatures (10-37). More pigment was produced on the semi-synthetic potato agar medium and the optimum temperature was 25. 

4: Emergence of pigment-producing mutant bacteria. Reverse mutation from non-pigment-producing bacteria to pigment -producing bacteria could be seen. 


(2) Pigment production by the isolated bacterium under different conditions 

The production of the bluish-purple pigment differed considerably, depending on the medium used. The media, listed in decreasing order of pigment 
production, were 1. semi-synthetic potato agar medium, 2. silk extract agar medium, 3.King B medium and peptone agar medium, and 4. potato sucrose 
agar (PSA) medium. The bacteria multiplied fairly well in the PSA medium but pigment production was low (Fig. 1-3). The media listed under 1. to 
2. above are rich in peptone or amino acids unlike medium 4. 

When shake culture in a liquid semi-synthetic potato medium was compared with culture on the solid agar medium, for pigment production, culture on 
solid medium was found to be better. Extraction of the pigment was also easier from the bacterium on the solid medium. However, the bacterium 
cultured in the liquid medium also produced a fairly large amount of pigment. 

As for the effect of the culture temperature, the bacterium grew well in the range of 5-30, with optimum growth at 25. No grow th occurred at 37. 
Maximum pigment production occurred at 25, followed by 20. At temperatures lower than 10 and higher than 30, pigment production was very low 
(Fig. 1-3). 

Bacterial cells cultured at different temperatures were extracted with methanol to determine the dyeing performance of the extracts for silk fabric. The 
darkest color was obtained with extracts of bacteria cultured at 25, followed by bacteria cultured at 20, 15,10, 30 and 5?C. T he order of the 
temperature for pigment production, was about the same as that of the growth and color of the bacteria on the medium. 
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When the isolated bacteria were cultured at temperatures higher than 20, particularly in the range of 27-30, a mutant of light purple or white color 
bacteria often appeared (Fig. 1-4). 

On the basis of the above results, the semi-synthetic potato agar medium was selected as the optimum medium for pigment production. The optimum 
temperature for culture was 20-25. All the subsequent culture experiments were conducted using this medium and this temperature range. When the 
bacterium was cultured under these conditions for 5 days, 0.25 g of bacterial cells were produced per 9 cm diameter petri dish. By extracting these cells 
with methanol, 47 mg of dry extract was obtained which was dissolved in 16 mL of methanol to prepare a stock solution for dyeing. Thus the extract 
content of this stock solution was 0.3%. 


(3) Identification of the bacterium 

The bacterial strain that showed the highest pigment production was selected and single colony separation was performed three times to obtain a pure 
strain. The selected strain S-9601 was used for the identification of the isolated bacterial cells. The colonies of this strain initially showed a 
greyish-white color when grown on the semi-synthetic potato agar medium. After several days of culture, the colonies showed a light bluish-purple and 
then a dark bluish-purple color. The colonies were flat with entire margins. The bacteria were Gram negative, aerobic, bacilli, having flagella and 
motility. The bacteriological characteristics are shown in Table 1. 

The bacteriological characteristics of strain S-9601 agreed with the reported properties of Janthinobacterium lividum B. When the isolated strain and the 
standard Janthinobacterium lividum were tested together, the 2 were identical in terms of the production of the bluish-purple pigment and all 
bacteriological characteristics. Therefore, the bacterium was identified as Janthinobacterium lividum. 

(4) Extraction of pigment 

The bacterium was inoculated onto the semi-synthetic potato agar medium and cultured for one week. The bacterial cells that had become dark 
bluish-purple were placed in a small beaker and extracted with various organic solvents. Tetrahydrofuran was found to be the most efficient solvent for 
extracting the pigment, followed by methanol. Acetone, ethyl acetate and ether did not extract the pigment well. Almost no pigment was extracted with 
water (Table 2). 

(5) Separation of the pigment components and their structure 

The bacterial cells were extracted with tetrahydrofuran for one day and the extract was filtered. Then, after concentrating the extract under reduced 
pressure, it was fractionated by silica gel chromatography (hexane : tetrahydrofuran: acetone = 4:2: 1) and reversed phase high performance liquid 
chromatography (70% methanol), recrystallized, and 2 bluish-purple pigment components were separated. Component 1 (which was the main 
component and had a higher polarity than the other component) and Component 2 were subjected to different types of instrumental analysis, to 
determine their chemical structure. 

Component 1 had a molecular weight of 343 when estimated by FAB-MS: m/z344(M+H) + and the presence of nitrogen was inferred. The IR spectrum 
suggested the presence of amide also, 'll and 13 C NMR spectra showed that Component 1 has a total of 4 NH or phenol OH, 11 quaternary carbons and 
9 tertiary carbons, and no secondary or primary carbons. Based on these data and after detailed examination of the MS spectrum, etc., Component 1 was 
identified as violacein (Fig. 2). 

Component 2 had a molecular weight of 327 when estimated by FAB-MS :m/z344(M+H)+ and the presence of nitrogen was inferred. The IR spectrum 
was similar to that of Component 1. 1 H and 13 C NMR spectra did not show any signal originating from phenol OH. The carbon signal that appeared at 
the base of the phenol OH was shifted to a considerably higher magnetic field. Based on these data and other changes in the spectral pattern, 

Component 2 was identified as deoxyviolacein (Fig. 2), the deoxy form of Component 1 without the phenol group. Various spectral data of these 2 
components of the pigment agreed with reported dataAA). 


(6) Safety and antimicrobial activity of the pigment 
a: Safety 

When the effect of the extracted pigment on cultured insect cells was studied, no adverse effect could be detected. It was thus concluded that the 
pigment was not toxic or exhibited a negligible toxicity to insect cells. The toxicity to silkworm cells was then examined. Twenty silkworms were made 
to ingest a total of about 2 g of mulberry leaves on which the pigment had been applied during their 1st instar stage. All 20 of them developed normally, 
without any signs of abnormality. 

b: Antimicrobial activity 

A study of the antimicrobial activity of the pigment toward plant pathogens revealed that it had such an activity against 11 of the plant pathogenic 
microorganisms tested, excluding Erwinia carotovora and Pseudomonas cichorii (Table 3). The inhibitory activity was particularly strong against 
Colletotrichum dematium and Rosellinia necatrix which cause anthracnose and white root rot diseases of mulberry, respectively (Fig. 3). 
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Table 1. Bacterial characteristics of the isolated strain 

S96D1 

Shape or bacterial cells 

Bacillus 

Colony shape 

Flat 

Growth at JTC 

- 

Motility 

+ 

Gram reaction 

- 

Fluorescent pigment 

- 

Production of water-insoluble pigment 

4 

Aerobic / anaerobic 

(bluish-purple) 

Aerobic 

Nitrate-reducing activity 

+ 

Gas production from, nitrate 

4 

Oxidase activity 

+ 

Hydrolysis of esculin 

+ 

Hydrolysis of gelatin 

- 

Arginine dihydrokase activity 

- 

Urease activity 

- 

/J -Galac tosidase activity 

- 

Lysine decarboxylase activity 

- 

Omilhine decarboxylase activity 

- 

Tryptophan deaminase activity 

- 

Indole production 

- 

Hydrogen sulfide production 

- 

Acetone production 

- 

Utilization of Sugars and Organic acids 
Glucose 

+ 

L-Arabinose 

4 

D’ Mannose 

+ 

D-Mannitol 

+ 

Maltose 

4- 

N-Acetyl-D-glucosamine 

- 

Sodium citrate 

4 

Adipic acid 

4 

dl-Malic acid 

+ 

Potassium gluconate 

- 

n-Capric acid 

- 

Phenyl acetate 

* 

Note; J. fividum 1 AMI 394-B gave the same results 


UAC1U 
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Table 2. Extraction of the pigment by organic solvents 

Organic solvent 

Concentration (%) 

Pigment extraction 1 * 

TetrahydrofuTtUl 

100 

i i m 

Methanol 

100 

+++ 

Methanol 

so 

-M4 

Ethanol 

ioo 

++ 

Acetone 

100 

++ 

Acetone 

50 

+ 

Ethyl acetate 

100 

++ 

Diethyl ether 

too 

+' 

Control (water) 


± 

a); The color depth of the extracted solution was classified 

into 5 grades, from colorless (-) to dark {++++). 


\m:\i 
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Fig.2. Chemical structure of the bluish-purple pigment 
The main component violacein is a kind of antibiotic. 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/shirata/f2.htm [10/7/2002 9:08:49 PM] 







Fig.3. Anti-fungal activity of the bluish-purple pigment 

Seven small pieces of a colony of Diaporthenomurai, which causes die- back of mulberry, were placed 
on PSA medium. Each 10 VaL of the diluted pigment solution with 50% acetone was dropped onto them. 
The twofold diluted solution was placed in al2 o'clock position and the strength was 1/4, 1/8, 1/32, 
and 1/64 in the clock-wise direction. The control, 50% acetone alone, was located in the center of the 
dish. The photograph shows the growth after 7 days. 


BACK 
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2) Dyeing and characteristics of the pigment 
(1) Method of dyeing 
a: Dyeing with the extract solution 

Dyeing was attempted using an organic solvent solution of the pigment. After extraction of the pigment with tetrahydrofuran and 
air-drying of the extract, a fixed amount of dry pigment was dissolved in a certain amount of various organic solvents. Silk and cotton 
fabrics were immersed in the various solutions for half a day and the extent of dyeing was compared. The cotton and silk fabrics were 
dyed very well both in the methanol and the ethanol solutions (Table 4). 

In the next experiment, the bacterial colonies were extracted with methanol and the fabric was directly immersed in the extract. The 
fabric developed a bluish-purple color, indicating that methanol could extract the pigment well, and also enabled the pigment to 
become attached to the fabric. 

The dyeing method used was very simple and consisted of 3 steps: 1. immersion of the silk fabric in the methanol extract overnight; 

2. washing with water; and 3. drying in the shade. 

b: Boiling dye with bacterialcells 

The bacterial cells were transferred to a vessel along with the medium and boiled after the addition several times of more than 10 times 
the amount of water. After bringing the solution to boiling, the fabric to be dyed was dipped in it and the bath was allowed to simmer 
for about 20 min. The fabric was then washed with water and dried in the shade. If a deep color was not required, immersion of the 
fabric for 3-5 min in the bath, after boiling and cooling to 80-90, was sufficient. 

The characteristics of the 2 methods of dyeing used here were as follows: Athe procedure was very simple, Csatisfactory dyeing could 
be achieved without using mordants, and Edyeing occured uniformly. Fabric made from the silk of the silkworm variety Akebono is 
considered to be generally prone to uneven dyeing and to require special procedures for dyeing. However, even Akebono silk could be 
uniformly dyed by an unskilled person using the dyeing methods described above when the liquor ratio of the bath was sufficiently 
high. The shade of the dyed fabric varied depending on the amount of dye present in the bath in the range of light blue, violet, 
bluish-purple and dark bluish-purple. Fig.1-5, 1-7 and 1-8, respectively show the silk fabric dyed to a deep color in the extract solution, 
a silk scarf dyed to a comparatively light color with the extract, and a kimono dyed to a very light color by boiling with the bacterial 
cells. 



5: Silk fabric dyed and showing a bright bluish-purple color in a 
concentrated methanol extract of the pigment. 


6: Dying performance of the pigment with 9 different materials (multifiber test cloth). A: 
polyester, B: raw silk, C: acrylic fiber, D: rayon, E: wool, F: acetate showed a purple 
color. Nylon and vinylon showed a deep pluish-color, whereas acetate showed a purple 
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B: Kimono dyed by boiling with the bacterial cells. 


Fig.l. Janthinobacterium lividum which produces a bluish-purple pigment and samples dyed with the pigment 
(2) Dyeing performance 
a: Dyeability of different fibers 

Since we had found that the pigment was capable of dyeing not only natural fibers but also synthetic fibers, we compared the dyeing 
performance of 9 different fibers, using a multi-fiber test cloth (Fig. 1-6). The dyeing performance differed depending on the type of 
fiber. Nylon was the easiest to dye, followed by vinylon, acetate, raw silk, cotton and wool. Rayon could be dyed only slightly and 
almost no dyeing occurred with acrylic fiber and polyester. Although Fig. 1-6 shows that polyester also had been dyed to a moderate 
extent, almost no dyeing occurred when the pigment concentration was low. Most of the fibers showed a color range from light purple 
to bluish-purple. However, the shade differed slightly depending on the fiber, for example, nylon showed a deep bluish-purple color 
and acetate a purple color. 
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Table 4. Dyeability in different organic solvents 


Organic solvent 

Concentration used 
(%) 

Extent of dyeing 11 

Methanol 

100 

++++ 

Methanol 

50 

++ 

Ethanol 

100 

+t++ 

Ethanol 

50 


Acetone 

100 

++ 

Acetone 

50 

+ 

Ethyl acetate 

100 

+ 

Ethyl acetate 

Control (water) 

50 

+ 

- 1 - 


a): The color depth of the silk fabric dyed at room tempera- 
tune was classified into 5 grades* from colorless (-) to dark 
(++++). 
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(2) Dyeing performance 

(2) Dyeability of difference 

b : Duration of immersion and extent of dyeing 

The extent of dyeing differed with the duration of immersion in the dye bath. At room temperature using the methanol extract, silk and cotton become dyed within 
5-10 min of immersion. The color became deeper within 1-10 h and dye uptake continued even after, reaching a peak in about 2 days. On the contrary, nylon and 
acetate required only a very short time for dyeing. Dyeing occurred within several seconds after the start of immersion and within more than 10 h. Dyeing of 
acetate peaked after about 1 h. With nylon, the shade could be varied freely from pale lavender to dark bluish-purple by changing the dyeing time. 

c : Temperature and dyeing rate 

The dyeing rate was significantly affected by the temperature of the dye bath. For example, when silk was dyed in the methanol solution of the pigment, the 
immersion time required for the color depth achieved in 15 min of dyeing at 20, was 5 min at 40, 1 min at 60, and 30 s at 70. For achieving the color depth 
obtained after 6 h at 20, it took one day at 10 and 3 days at 0. 

(3) Color fastness 

Silk samples dyed by the 2 methods were tested for their color fastness^). The method of dyeing did not affect appreciably the color fastness (Table 5). Although 
the fastness of the color against light was somewhat low (Grade 1), the fastness against washing was of Grade 2-3, and 3-5 in other tests. Overall, the color 
fastness was about the same as that of vegetable dyes. In other words, although the color fastness was not very high, it was in the practically tolerable range, 
except for the fastness against lights. About the same results were obtained with cotton fabric in all the tests. The color fastness against light of deeply dyed nylon 
and vinylon was slightly higher than that of silk or cotton(Grade 1-2). 


(4) Improvement of color fastness against light 

In practice, when a bluish-purple dye is used to dye fabrics, the major problem is the photosensitivity of the color. The bluish-purple color fades very rapidly in 
the presence of sunlight, and such dyeing is therefore of limited practical use^X As a result, we examined various treatments for improving the resistance to light 
of textiles dyed with the bluish-purple pigmental. We had examined various treatments for improving the color fastness against light of fiber and textile products 
dyed with this bluish-purple pigment. It was found that if the dyed material was subjected to post-treatment with a thiourea solution, the fading of color due to 
light was considerably reduced^). 

A piece of silk fabric (plain Habutae with Mezuke weight 14) was dyed in a methanol solution of the bluish-purple pigment extracted from the bacterium, at room 
temperature by dipping in the dye bath at a liquor ratio of about 1:100 for 2 days. The dyed material was then immersed in a 0% ~ saturated thiourea solution 
(liquor ratio about 1:300) for about 1 min at room temperature. It was then drained and air-dried. The color fastness of the dried material against light was 
determined by the direct sunlight method (JIS L 0841). The thiourea-treated fabric showed a slower rate of color fading, suggesting that the color fastness had 
improved (Fig. 4). The effect of suppression of fading under light became more pronounced with the increase of the thiourea concentration. When the dyed 
samples were treated with a 5% thiourea solution and a saturated thiourea solution, the former showed a color fastness of Grade 2 and the latter of Grade 3. The 
color fastness of the untreated material was lower than Grade 1. The bluish-purple dyed material which had been treated with the thiourea solution did not cause 
any change in shade, nor did it have any adverse effect on the feel of the material. 

Next, we treated the bluish-purple dyed material once, 2 or 5 times with a saturated thiourea solution, through the steps described below. 

1. Dipping in a saturated thiourea solution for 3 min at room temperature, draining and air-drying. 

2. Washing with lukewarm water (deionized water at 40) for 2 min. 

3. Dipping in a saturated thiourea solution for 1 min at room temperature, draining and air-drying. 

Only the steps 2. and 3. were repeated when the treatment was applied several times. The fading of color under light was suppressed even more with repeated 
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(2) Dyeing performance 

thiourea treatment (Table 6). 


Conclusion 

About 10 years ago, one of the present authors (Kojima) discovered that the color of some thread dust left in a bucket had become bluish-purple. We were able to 
isolate a bacterium which was identified as Janthinobacterium lividum. 

The bacterial cells were extracted with tetrahydrofuran for one day and the extract was filtered. Then, after concentrating the extract under reduced pressure, it 
was fractionated by silica gel chromatography (hexane : tetrahydrofuran : acetone = 4:2:1) and reversed phase high performance liquid chromatography (70% 
methanol), recrystallized, and 2 bluish-purple pigment components were separated. The color was derived from a pigment called violacein stored by the bacteria. 
The bacteria are not pathogenic and violacein is not toxic. 

The pigment from these bacteria can be used to dye natural fibers, providing good color tone and stability. The results of the color fastness tests against washing, 
hot-water, sweat and rubbing were about the same as those of vegetable dye and were in the practically tolerable range, except for the fastness against light (Grade 
1). We examined various treatments for improving the resistance to light of textiles dyed with the bluish-purple pigment. It was found that when the dyed material 
was subjected to post-treatment with a thiourea solution, the fading of the bluish-purple color due to light was considerably reduced. When the dyed samples were 
treated with a 5% thiourea solution and a saturated thiourea solution, color fastness of Grade 2 and Grade 3 was obtained with the former or the latter, 
respectively. Also, the bluish-purple dyed material which had been treated with the thiourea solution did not show any change in shade, nor did it have any 
adverse effect on the feel of the material. Moreover, since mass-culture of the bacteria is possible, the pigment and dye can be produced cheaply. 

TNF± and NO Production in Mice Treated with Sex Steroids 

imo^B iBH 
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Tabic 5, Color fastness of silk fabric showing a 

bluiMh-purple color*' 

Color fastness 
test against 

Staining* 

Fading 

Evaluation* 1 

J1S Standard 

Light 


1 

L OK4! 

Day-night method 

Washing 

Staining 

Fading 

2 

2-3 

L 0844 

A No. 1 method 

Hot water 

Staining 

Fading 

3-4 

4 

L 0845 

(50*010 min) 

Acidic sweat 

Staining 

Fading 

3-4 

3-4 

l 0848 

A method 

Alkaline sweat 

Staining 

Fading 

3 

3 

LOWS 

A method 

Rubbing 

Staining (dry) 
(wet) 

5 

5 

L0848 


Fading (dry) 
(wot) 

3 

2-3 

Etype 

a) ; About the same results were obtained with different methods of dyeing. 

b) : The extent of staining was estimated by the amount of color transferred to 

colorless fabrics when the dyed piece of fabric was sandwiched between 
colorless pieces of silk and cotton fabric, and treated 

c) ; Color fastness was graded into 5 categories. 1 -5, in the order of increasing 

fastness. 


\h\CX 
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Table 6. Effect of thiourea treatment on fading of bluish-purple dyed 
fabric after exposure to sunlight 


Frequency of 
treatment with thiourea 

Color coefficient b value 1 * 
of fabric after exposure 

Reduction rale 
after exposure (%) b> 

0 (Control) 

-1165 

45.2 

I 

-18.61 

25.4 

3 

-19.00 

23.8 

5 

-20.96 

15.9 


a) : The more negative the b value, the deeper the bluish-purple color. 

B value of unexposed fabric as control was -24.93. 

b) : The reduction is obtained by comparing the b value of the original dyed 

fabric. 
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Abstract 

The objective of the current studies was to analyze the relation of sex steroid treatment with the pattern 
of uterine secretory proteins and production of tumor necrosis factor a (TNFa) and nitric oxide (NO) by 
murine macrophages. Specific pathogen free (SPF) CD1 mice were ovariectomized and divided into 6 
groups which were treated with different sex steroids: progesterone (group 2), estradiole (group 3), 
progesterone plus estradiole (group 4), estradiole plus progesterone (group 5), testosterone (group 6) and 
placebo (group 1). The treatments were continued by subcutaneous embedding of hormone pellets for 30 
days. Total white blood cell counts in groups 4 and 5 showed a statistically higher total leukocyte count 
(p<0.05) than that in groups 2 and 6 (p<0.05). Lipopolysaccharide (LPS)-stimulated peritoneal 
macrophages from estrogen-treated mice produced a significantly higher level of NO than those in the 
other groups (p<0.05). TNFa production by the macrophages significantly increased by estrogen or 
testosterone treatment compared with the control (p<0.05). LPS induced a 2 fold production of both 
TNFa and NO by peritoneal macrophages. It was observed that steroid treatment induced a de novo 
synthesis of products with patterns specific to uterine proteins. Our results showed that sex steroids affect 
the macrophage function and modulate the pattern of secretory uterine proteins. The usefulness of the 
mouse model with subcutaneous embedding of hormone was also demonstrated. 

Discipline: Animal health/ Animal industry 
Additional key words: LPS, uterus, NO 
1... 34) References 

(Received for publication, June 8, 1999) 


Introduction 

The sex steroids exert various actions on the reproductive tract and they modulate the immune 
system 18 ’ 31 ). It is known that estrogen stimulates, whereas progesterone and testosterone suppress 
systemic 12 ) and local 33 ) production of immunoglobulins, respectively. The natural killer cell activity was 
inhibited by estradiole 1 ’ 2 ) and progesterone 2 ). Both estrogen and progesterone show an enhancing effect 
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while Danzol, a synthetic testosterone, an inhibitory effect on interleukin -lb (IL-1Z?), serum proteins and 
TNFa production in cultured human monocytes 19 ). Macrophages of the uterus show a change in number 
and functional ability in the production of cytokines, reactive oxygen intermediates and bioactive lipids 
depending on the reproductive cycle 9 ). Although data on the influence of sex steroids on macrophages 
have accumulated, many aspects remain to be elucidated 3 ’ 4 ’ 9 ’ 12 ’ 15 ). Characteristic pattern of uterine 
secretory proteins which has been analyzed in relation to the host reproductive cycle and host defense 
mechanisms in some animals, has not been reported in mice 14 ’ 20 ’ 24 ’ 25 ). The purpose of this study was to 
develop a mouse model for chronic sex steroid treatment with estradiole, progesterone, testosterone and 
their combination and to determine the effects on the modulation of TNFa and NO production by 
macrophages, as well as the pattern of uterine secretory proteins. 
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Materials and methods 


1) Animals 

Forty specific pathogen free (SPF) mice (strain CD1), nulliparous (CLEA Inc., Japan), 6-8 weeks of age 
and weighing 30-40 g were used. The mice were kept in micro-isolation units in a laminar flow rack 
housing system (ICM Inc., Tsukuba, Japan). All the mice underwent an ovariectomy operation under 
general anesthesia with intraperitoneal injection of 50 mg/mice of pentobarbital sodium (ABBOT 
Laboratories, USA). Mice were given proper postoperative care and were maintained under SPF housing 
system. 

2) Treatment with sex steroids 

Two weeks after the ovariectomy, the mice were divided into 6 groups and treated as shown in Table 1. 
In the combined treatment, implants were applied at 2 different sites. The treatment continued for 30 
days in the SC implants. Progesterone (C21H30 O2), estradiole (Cis H24 O2) and testosterone (C19 H28 O2) 
were purchased from NACALAITESQUE Inc., Kyoto, Japan. The hormone pellets were prepared by 
mixing the sex steroid with 0.2 g cholesterol and 0.1 g sesame oil 6 ). This mixture was injected 
subcutaneously in the hind back with a syringe with a wide gauge needle. The controls received only the 
vehicle. 

3) Hematology 

At the end of the treatment period, heparinized and non-heparinized blood was collected under general 
ether anesthesia. Serum was stored at -20°C until the assay. Differential leukocyte count was performed 
using May-Grunwald-Giemsa stained blood smears. White blood cell count (WBC) was performed using 
a Coulter counter (Coulter Electronics Inc., Florida), with LYSES II (K-CN) reagent for the simultaneous 
quantitative determination of hemoglobin and leukocytes (Japan Scientific Instrument Co., Ltd.). 

4) Peritoneal macrophages 

Peritoneal macrophages were collected aseptically by injection with 5 mL of cold RPMI1640 (Nissui 
Pharmaceutical Co., Ltd., Japan) and the back of the mice was agitated for 30 s. Thereafter, the fluid was 
aspirated. Peritoneal cells were harvested with 2 successive washings in RPMI 1640 medium by 
centrifugation at 300 xg for 5 min at 4°C. The number of macrophages was counted and the macrophages 
were seeded into the wells of 96 well plates (Becton Dickinson) at the rate of 10 4 macrophages/ well. 
They were incubated for 2 h at 37°C in 5% CO 2 to allow them to adhere and those that did not adhere 
were removed by washing twice in RPMI 1640. 

5) Analysis of TNFa and NO 

The macrophages of each group were stimulated by lipopolysaccharide (LPS, Escherichia coli 0111: B4, 
Sigma, USA) for 4 h and 20 h. Supernatants were collected at 4 h for the TNFa assay and 20 h for the 
NO assay after the stimulation and stored at -20°C until the assay. Two sets of wells were prepared: 

LPS+ and 2 other sets as LPS- or controls during the assays. 

The NO synthesis of the macrophages was determined by Griess assay 7 ). Cell culture supernatants were 
assayed by the addition of 1:1 (v/v) 50 mL to each well of a 96-well plate (in triplicate), and 50 mL 
Griess reagent (N-l-naphthyl ethylene diamine dehydrochloride 0.1% in H2O, sulphonil amide 1% in 5% 
H3PO4, Sigma), then immediately mixed and incubated at room temperature for 5 min. Absorbance at 
550 nm was measured by using the plate reader Model 450 (Bio Rad, USA). The NO concentration was 
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calculated from the standard curve produced during each assay by using NaN02 (NACALAITESQUE 
Inc., Kyoto, Japan) dissolved in 15 mM Hepes, pH 7.5 and expressed as nmol /mL as mean values +SD. 

The level of TNFa in the supernatant of the macrophage culture was measured by the sandwich ELISA 
method. Rat anti-mouse TNFa monoclonal antibody (mAb) (generously provided by Dr. Nakane of 
Hirosaki University) was diluted to 2 mg/mL in 0.1 M NaHCCL, pH 8.2. Wells of a 96 flat-bottomed 
probind assay plate (Becton Dickinson) were coated with 50 mg/well of the capture antibody and 
incubated overnight at 4°C. The plates were washed 2 times in 350 mL of PBS Tween-20 (Bio Rad) 
using an immuno-wash 450 (Bio Rad). Three hundred fifty mL of blocking agent (Snow Brand, Japan) 
was added per well and incubated for 2 h at room temperature and washed 2 times. Standard recombinant 
mouse TNFa (Genzyme) diluted serially in the blocking agent to generate a standard curve and samples 
were added at the rate of 100 mL/well in triplicate and incubated at 4°C overnight and washed 4 times. 
Biotinylated anti-mouse TNFa clone mp6-XT3 (Pharmingen, USA) diluted to 1 mL/mL in the blocking 
agent was added and washed 6 times. Then 4xl0 3 /mL of the peroxidase-conjugated streptavidin 
(Biogenx Lab. USA) diluted 1:3 v/v in the blocking agent was added at 100 mL/well, incubated for 30 
min at room temperature and washed 8 times. Finally 20 mg of a substrate, phenylene diamine 
(NACALAI TESQUE), in 25 mL of 0.1 M citric acid, 25 mL of 0.2 M NaHPO 4 /2H 2 0 and 1 mL of 30% 
H 2 O 2 was added at the rate of 100 mL/ well and the color was allowed to develop at room temperature 
for 90 min. The color reaction was stopped using 3N H 2 SO 4 and read at OD 450 nm using a microplate 
reader 450 (Bio Rad). TNFa values were calculated from the standard curve as mean +SD. The 
sensitivity of the assay was 50 pg/mL. 

6) Examination of uterine fluid 

Uterine secretion was washed out aseptically in 200 mL of 0.9% NaCl solution. Individual and pooled 
samples from the same group were designated as uterine luminal proteins 1 to 6 (ULP1 to ULP6) and 
stored at -20°C until assay. Uterine fluid was cultured in DHL and B. H. I agar medium (Eiken Chemical 
Co., Ltd., Japan) for bacterial examination. 

For electrophoresis, uterine fluid was adjusted to 200 mg/mL protein, and added to the 2X SDS sample 
buffer 2: 1 (v/v) and to 5% 2-mercaptoethanol. The sample cocktail was then denatured by incubation for 
5 min at 100°C. The samples and molecular markers were loaded on Phast gel gradient 10-15 (Pharmacia 
Biotech, USA) using an 8/1 sample applicator and analyzed by Phast system SDS-PAGE (Pharmacia 
KLB). Electrophoresis was run for 65 Vh at 250 V, 10.0 mA, 3.0 W and 15°C. Gels were then stained 
using a silver staining kit (Pharmacia Biotech). The gels were analyzed using Phast image software 
(Pharmacia LKB); gels were scanned in transmittance mode. Lanes were examined slice by slice with 
calibration curves. 

7) Statistical analysis 

Data were analyzed by the Student T test (p<0.05 indicated statistical significance). 


NKX7 
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Tabic 1, Type of treatment and doses used 

Group 

Mo. of animals 

Treatment 

mg/Implant 

1 

12 

Placebo 

20 

2 

7 

Progesterone 

20 

3 

6 

Estradiol? 

20 

4 

1 

Progesterone 

20 



+ 




Estradiol? 

5 

5 

5 

Estradiole 

20 



+ 




Progesterone 

5 

6 

7 

Testosterone 

20 
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Results 

Results 


The concentration of NO was compared in the 20 h culture supernatant of resident peritoneal macrophage cell culture obtained from the in 
vivo sex steroid-treated mice and in vitro macrophages exposed to LPS (Table 2). The peritoneal macrophages from the group treated with 
estradiole alone showed a significantly higher concentration of NO than those in the other groups (p<0.05) (Table 2). No statistical difference 
was observed in the production by macrophages without LPS stimulation (Table 2). NO values were always higher in the LPS+ than LPS- 
macrophage culture supernatants. 

TNFa production in the 4 h culture supernatants with or without LPS is shown in Table 2. Peritoneal macrophages from the estradiole or 
testosterone-treated groups showed a higher level of TNFa production without LPS stimulation (p?0.05) than those in groups 1, 2 and 4. LPS 
treatment stimulated TNFa production by the macrophages in all the groups. However, the groups treated with estradiole or testosterone 
showed a significantly higher TNFa production than group 1 (p<0.05). 

Mouse uterine fluid and serum samples were subjected to SDS-PAGE. There were many similar bands in both samples, but unique bands 
were also detected. After the samples were scanned, the bands common to serum and uterine proteins were deleted to determine whether the 
treatments with each of the sex steroids had induced specific uterine protein bands. The treatments induced several proteins as shown in Fig. 
1. After the samples were scanned, bands common to serum and uterine proteins, as well as specific bands in the uterine fluid or serum were 
obtained as shown in Table 3. 



Fig.l. SDS-PAGE analysis of total serum proteins (A) and (B) uterine proteins in response to sex steroid treatments 
Lane 1: low molecular weight marker (94,000, 67,000, 43,000, 30,000, 20,100,144,000). 

Lane 2-7: samples from treatment groups 1,2,3,4 and 5, as described in the materials and methods. 

Arrows indicate bands of 70 KDa protein. 

The effect of the chronic sex steroid treatment on the total and absolute number of leukocytes is shown in Table 4. The total number of white 
blood cells (WBC) and subsets of peripheral leukocytes in the groups 4 or 5 were higher compared to the groups 2 and 6. WBC numbers and 
their subsets were affected by the treatment (p<0.05) as shown in Table 4. The total number of red blood cells (RBC) and mean corpuscular 
hemoglobin concentration (MCHC) were not different among the treated and control groups (data not presented here). Bacterial culture of 
uterine fluid for E. coli was negative. 


Discussion 

In the present study, the effects of chronic subcutaneous treatment with embedded sex steroid pellets in mice on the modification of the 
macrophage activities, hematological characteristics, and pattern of uterine secretory protein were investigated. LPS is a well-known 
stimulator of macrophages 17 , 23 , 29 ) priming effects for the up- and down-regulation of TNFa and NO production by different concentrations 
of LPS and other substances were reported 22 ’ 26 ’ 34 ). The present results showed that there were no significant differences in the background 
level of NO production by peritoneal macrophages obtained from mice treated with different sex steroids. However, LPS stimulation 
up-regulated NO synthesis by the peritoneal macrophages. Schneemann et al. (1993) reported a 2.5-30 fold increase of NO in the 
supernatants from murine peritoneal macrophages after stimulation with LPS 22 ). Furthermore, a single estrogen treatment led to the priming 
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Results 


of macrophages to produce higher levels of NO than those attained with other steroids 22 ). This observation suggests that estrogen plays an 
immuno-potentiating role. In contrast to the present results, rat alveolar macrophages treated in vitro with estradiol or progesterone showed a 
down-regulation of NO production 21 ). In other cells than macrophages, it was reported that estradiole up-regulated NO production in cultured 
human aortic endothelial cells 8 ). No significant calcium-independent NO activity was reported either during the pregnancy or after 
administration of sex hormones 32 ). These data suggest that the effect of female sex steroids varies depending on the tissues, or duration of the 
treatments, and under in vivo and in vitro conditions. Sex steroids affect the host antimicrobial function via NO production 13 - 32 )- 

In the present study, the level of TNFa increased by treatment with both estradiole and testosterone. It was reported that female sex steroid 
hormones enhance the production of colony-stimulating factor-1 (CSF-1), transforming growth factor (TGFa), granulocyte monocyte- colony 
stimulating factor (GM-CSF) and TNFa 9 ). Since the NO synthesis induced by LPS was mediated by IFN and not by TNFa, it is suggested 
that TNFa and NO had different regulatory pathways 5 ). In the LPS stimulated mouse macrophage cell lines (RAW264, ANA cells) estrogen 
up-regulated the TNFa production and progesterone down-regulated it 161 . Chao et al. (1995) reported that estrogen treatment at a rate of 10 -2 
and 10’ 3 g/mL significantly up-regulated TNFa expression in male rat peritoneal macrophages, but down-regulated it at a rate of 10 1 or less 
than 10’ 4 mg/mL 3 ). These results also indicate that the effects of sex steroids on the macrophage function are complex. 

Characteristic pattern of uterine fluid depending on the reproduction cycle was reported and the role of the proteins in host defense 
mechanisms was examined 18 ’ 20 - 24 - 25 - 28 - 30 - 33 ). However, since no report on the pattern in mice had been reported previously, we observed the 
expression patterns of protein in the uterine fluid in the present study. Treatment of ovariectomized ewes with progesterone F2a induced the 
production of an immuno-suppressive protein with a molecular weight of 55,000 in the uterus 24 ). Chronic estrogen exposure was reported to 
lead to the development of complex endometrial hyperplasia in women and was related to the over-expression of lactoferrin 20 ). Lactoferrin 
(LF) is a 70 KDa protein that is not induced by either progesterone or testosterone 28 - 30 ). However, in our study in all the treated groups, a 70 
KDa protein was induced, presumably due to the longer treatment period. However, further determination using Western blotting should be 
carried out. 

The uterus is a sex steroid-responsive organ 27 ). Treatment with steroids induced the formation of several proteins, which were identical with 
serum proteins, presumably due to the uterine edematous reaction, serum transudation by vasodilation 10 - 27 ), or secretion by uterine epithelial 
cells 27 ). The patterns specific to uterus protein, in the present study, corresponded to de novo synthesized products as a result of the steroid 
treatment. 

Compared to previous reports 11 ), in our study, the number of WBC was lower, which may be due to the fact that we used SPF mice. 

In conclusion, we demonstrated the modulation of macrophage function and the expression of uterine proteins by sex steroid treatment. 
Further studies are required to characterize fully the uterine proteins and analyze their relationship with the function of macrophages. 

The authors thank Prof. P. S. Gwakisa of Sokoine University, Tanzania for his suggestions. 




l:Species Composition and Biomass of a Mangrove Forest in Malaysia. 
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Table 2. Production of NO and TNFa by peritoneal macrophages (meanlD) 



NO production (nmol/well) 

TNFa production Ipg/well) 

Group 

LPS- 

LPS+ 

LPS- 

LPS- 

1 

34.7+25.4 

71.6+249“ 

43.01 5LS“ 

92.5± 61.0“ 

2 

373+31.0 

64.2+17.0“ 

69.01 50.0“ 

l B0.0± 91.5 

3 

413+38.6 

89.5+37.5 " 

106.0± 102.0 b> 

225.51171.5“ 

4 

37.0+123 

63,2+39.0“ 

97.01 61.0 

212,51188.5 

5 

38.2+ 8.7 

68.5+10.2 “ 

52.0± 33.5 ■» 

178.01162.0 

6 

39.8+23.3 

61.6+ 2.0“ 

i05.0±H8.5 bI 

220.01152.5“ 


a) vs b) in each test was p£0.05. 
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Table 3* Protein identification in uterine fluid and serum 


Peak Mr Wl 

KDa 

t 





Source* 








serum 





uterus 



251-260 

gl 

g2 

g 3 

g4 

gs 

g6 

gl 

g2 

g3 

S 4 

g5 

g6 

241-250 













231-240 



g3 

g 4 









221-230 

gl 

g2 



g5 








191-200 

gl 

g2 










g 6 

181-190 




g4 

g 5 


gl 


g3 

g 4 

g5 

g 6 

171-180 

gl 

g2 

83 



g6 





g5 


161-170 









g3 

B 4 



151-160 

gl 



g4 

g5 


gl 

g2 




g6 

141-150 


g2 

g3 



g 6 



S 3 

S 4 

g3 


131-140 

gl 


g3 


g5 


gl 

S 2 





121-130 

gl 

82 


g 4 


g6 

gl 






111-120 













91-100 

gl 

82 

g 3 

g4 


g6 



g3 




81-90 

gl 




g5 




g3 


g5 

g 6 

71-80 

gl 

82 

g 3 

g 4 



gl 

g2 

g3 

g 4 

g5 

g& 

61-70 

gl 

S 2 

S 3 

g4 

g5 

g 6 

gl 

g2 

g3 

g 4 

g5 

gG 

51-60 




g 4 

g5 





g 4 



41-50 

gl 

g2 

g3 

S 4 

g5 


gl 

g2 

g3 

g 4 

g5 

g6 

31-40 

gl 

82 

g3 

g 4 

g5 

g6 


g2 

S 3 



g6 

21-30 

g 1 

g2 

g3 

g 4 

g5 

g6 

gl 

B 2 

g3 

g4 

g3 

g6 

11-20 

gl 

82 

B 3 

g 4 

g5 

& 

gl 

g 2 

S 3 

g4 

g5 

g6 
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Table 4. Total and absolute leukocyte Nos;flL blond (mean±SD) 


Group 

WBC 

Neutrophils 

Lymphocytes 

Monocytes 

Eosinophils 

l 

4.3122 

(LD46±0.064 ft> 

4.2±2.2 

0.0231.036" 

0.0031008" 

2 

3.3+1.2" 

0.09210. J49 

3.111.2" 

0.0501080" 

0.0101.017" 

3 

4.2±1.7 

0.04710.085" 

4.011.6 

0.0231.042" 

0.0081.021" 

4 

5.4±3.1" 

0.204=0.223*’ 

5.012.6*’ 

0.1451.310*’ 

O.026±.O46*' 

5 

5.812.5“ 

0.093=0.07S" 

S.712.6* 1 

0.0181.025" 

0.0121.026" 

6 

3.311.6" 

0.065=0.082" 

3.211.6" 

0.0131.023" 

0.0151027" 


(pSCLOi) between groups for total WBC and absolute number of leukocytes, 
a) vs b) in each test was p£0.Q5. 
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Profiles of Species Composition and Aboveground 
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Abstract 

To analyze the sustainability and carrying capacity of a mangrove forest, we studied the profiles of species composition and biomass from the riverside to inland. A 
belt transect (257180 m) divided into 9 plots was established in compartment 46, in the Matang Mangrove Forest Reserve, Perak, Peninsular Malaysia. Five tree 
species were distributed in the transect. Rhizophora apiculata showed the highest density, followed by Bruguiera parviflora, B. sexangula, R. mucronata and 
Avicenia alba. From the riverside to inland, the structure changed from pure R. apiculata stands to mixed Rhizophora-Bruguiera stands. The mean aboveground 
biomass of all the plots was 316 Mg ha -1 . The largest and smallest volumes for biomass were 558 Mg ha -1 on the riverside and 144 Mg ha -1 inland , respectively. 
The values tended to be higher in R. apiculata-dominant stands. If a larger productive area could be set up where R. apiculata would predominate, i.e. an area at a 
lower ground level, a larger sustainable amount of biomass for firewood and charcoal use could be produced. The annual dead biomass, which is supplied to the 
forest floor as nutrients for aquatic life, was 5.1 Mg ha -1 . While stocked biomass is more valuable to a local economy than the dead biomass, the contribution of the 
fallen trees (dead biomass) to habitats and nutrients for aquatic life must be evaluated exactly in the future. 

Discipline: Forestry and forest products 

Additional key words: Rhizophora, Bruguiera, brackish water, sustainable management 
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Profiles of Species Composition and Aboveground 

Introduction 

The Matang mangrove forest in Perak, Peninsular Malaysia covers a land area of approximately 40,711 ha-UD. The productive forest accounts for 85% of the area 
and has been appropriately managed under a working plan since the beginning of the 19th century. Moderate harvesting of firewood and wood for charcoal has 
supported the livelihood of the local people working in forestry. Meanwhile, the floor of mangrove forests and surrounding brackish water areas have supplied 
habitats enabling aquatic animals, i.e. crabs, shrimps and fish, to grow and breed. In other words, the people engaged in fisheries harvest the benefits of the forest. 

The brackish water mangrove project has been carried out jointly by Japan International Research Center for Agricultural Sciences, Fisheries Research Institute, 
University of Malaya and Forest Research Institute of Malaysia for 5 years (FY 1995-1999). It aimed at obtaining new findings and information to analyze the 
sustainability and carrying capacity of the mangrove ecosystems. Under the project, the forest biomass stocked as living trees (wood resources), and released as 
litter (nutrients for aquatic life) was analyzed. The aboveground biomass had been estimated for several forests of the same species 4 ’ 5 ’ 9 ) . However, the differences 
among micro-sites and the total amount of litter (biomass of dead trees) are still unknown. In this study, we report the changes in species composition and 
aboveground bio-mass from the riverside to inland and the dead biomass in a typical natural forest dominated by Rhizophora and Bruguiera species. 


Methods 

The experimental site established in compartment 46, Matang, Perak, Peninsular Malaysia (4°47'52"N, 100°38'49"E), consists of a belt transect extending from the 
riverside to inland with a size of 25 x 180 m. The transect was divided into 9 plots (25 x 20 m each), Plots 1-9, starting from the riverside. The edge of Plot 1 was 
separated by a distance of about 10 m from the riverside. The arrangement of the plots was described in previous reports^. 

For all the live trees more than 1.2 m in height, we measured the diameter of the stem at the 1.2 m height (D), as well as the height (H) and determined the location. 
When the position of the highest prop root was higher than 1.2 m, we measured D at 20 cm above the prop root. In this study, trees corresponded to a stem with D x 
5 cm and saplings to a stem with H > 1.2 m and D < 5 cm. Gap was defined as the area under a canopy opening, which is equivalent to the canopy gap defined by 
RunklelS). Location and area of the gap were also determined. The dead trees of 1 year were recorded in the following year. 

The volume of each tree (D2 x H) was used to calculate the biomass (dry matter weight of aboveground organs). To estimate the biomass, we used the coefficients 
of allometric equations of Kusmara et al.51. 
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Results 


Five species were recorded in the transect. Rhizophora apiculata showed the highest density, followed by Bruguiera parviflora, B. sexangula, R. 
mucronata and Avicenia alba. While the trees showed a random distribution in space, the saplings showed a contiguous distribution (Fig. 1). Gaps existed 
in all the plots except in Plot 1, but the larger ones were concentrated in Plots 4, 5 and 6. 
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Fig. 1 . Spatial distribution of trees (upper) and sapling (lower) in a belt transect (Compartment 46, 
Matangmangrove forest) 

Plots numbered 1 to 9 are located on a transect extending from the riverside to inland. 


Some values among the plots showed distinct differences (Fig. 2). The maximum H of trees ranged from 33.2 m (Plot 1) to 23.4 m (Plot 5). Although the 
mean H of trees was similar among the 7 plots, the values in Plot 1 (26.0 m) and Plot 8 (15.3 m) were considerably higher and lower than those in the 
other plots, respectively. The mean D values in Plots 1 and 8 were largest (27.8 cm) and smallest (14.2 cm), respectively among the plots. The smaller the 
values of H and D, the higher the density. The canopy rate, which is defined as the plot area (100%) minus gap area (%), ranged from 100% in Plot 1 to 
83% in Plot 5. The largest and smallest values for biomass were 558 Mg ha* 1 in Plot 1 and 144 Mg ha -1 in Plot 8, respectively. The mean biomass of all 
the plots was 316 Mg ha 1 . 

The tree species showed some features in their height distribution, i.e. the structural profile along the transect (Figs. 3 and 4f_ For trees, there were 4 
species which differed in their distribution and density. R. apiculata formed a canopy in all the plots, and it was the most abundant species in each plot 
except in Plot 8; in particular, it occurred in the canopy layer contiguously in Plot 1. B. parviflora was distributed in most plots, except in Plots 1 and 6, 
and was mainly observed in the sub- or under-canopy layer. B. sexangula formed the canopy in Plots 5, 8 and 9. R. mucronata was found only in the 
canopy layer of Plot 9. 
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There were 4 species of saplings (Figs. 3 and 4). B. parviflora was the most abundant species and was distributed contiguously in Plots 4 and 5, followed 
by B. sexangula which was distributed from Plots 2 to 9. R. apiculata was observed in the lower layer at around 1.2 to 3.0 m and was concentrated in 
Plots 4 and 5. No R. mucronata saplings were detected in the transects, and in the case of A. alba, there were no trees but saplings in the lower height 
layer. 

R. apiculata accounted for 83% of the total above-ground biomass, followed by B. sexangula, B. parviflora and R. mucronata with 8, 6 and 3% of the 
total, respectively. Percentages of tree density fori?, apiculata, B. sexangula, B. parviflora andi?. mucronata were 65, 14, 20, 1%, respectively. R. 
apiculata accounted for a larger biomass rate than the density rate in most plots, except in Plots 8 and 9 (Fig. 4). The profiles of densities of saplings 
showed different patterns compared with trees (Figs. 3 and 4). The densities were extremely high in Plots 4 and 5, and the composition rate of the species 
was different. For R. apiculata the density of saplings was lower than the density of trees, and the value was lower in plots where the species was 
predominant in terms of tree biomass and density, e.g. Plots 1, 2 and 6. Conversely in the case of B. parviflora the tree biomass and density were not the 
highest in all the plots, but the density of the saplings was predominant in most plots. 

The mean value of aboveground biomass that produces debris (large litter) on the forest floor in a year was 5.1 Mg ha 1 (Table 1). The biomass 
corresponded to the dry weight of the trees which had died in a year. The values ranged from 0 to 15.4 Mg ha -1 among the plots and the rates to the living 
biomass were 0 to 6.3%. 


Discussion 

The study plots in the transect appeared to reflect the structure of the Matang forest reserve. The forest is widely dominated by R. apiculata associated 
with R. mucronata, B. parviflora and B. sexangula 21. R. apiculata was distributed and formed a canopy layer all over the transect (Figs. 3 and 4). R. 
apiculata trees were the only trees in some plots, and they tended to grow taller with a large biomass near the riverside. Nakamura et al.^1 reported that R. 
apiculata showed a unimodal D distribution in Plot 1 in the area closest to the riverside. Moreover, the density of individuals in the understory and the 
sapling layer was low and the mortality of the seedlings (H < 1.2 m) was higher than in the other species. Therefore, they suggested that B. sexangula and 
B. parviflora that occurred as saplings and seedlings with a lower mortality might replace R. apiculata. Other plots also showed this tendency. The 
seedling density of R. apiculata was higher than that of B. sexangula and B. parviflora in Plot lO. Moreover, the ratios of R. apiculata and 2 Bruguiera 
species showed an opposite trend for the values on the riverside (Plot 1) and inland (Plot 9). For R. apiculata, the riverside is a suitable site for seedling 
establishment, but not for growth and survival. In any case, in all tree species, the seedlings can not survive under closed canopyO. Therefore, in Plot 1 
with a 100% canopy rate (see Fig. 3) light conditions are unfavorable for recruiting the seedlings to the sapling stage, suggesting that light rather than 
topographical factors affects the recruitment. 

The profile of the species composition from the riverside to inland showed species-specific changes (Figs. 3 and 4). While the R. apiculata biomass 
largely predominated on the riverside, mixed stands with 3 to 4 species were observed inland. The fact that the density rates of B. parviflora and B. 
sexangula for trees, and especially for saplings, were higher inland suggests that forests change to a Bruguiera spp. forest with increasing distance from 
inland. Fujimoto et al.21 also indicated a similar change in profile in Japan: Rhizophora species became predominant with decreasing ground level toward 
the seaside. A Rhizophora-Bruguiera mixed forest was established at higher ground level (inland). Haron Abu HassanT* reported that Rhizophora and 
Bruguiera species were the major trees and shared the main habitat in the Matang mangrove forest. Therefore, it is important to analyze the dynamics and 
biomass of the 2 genera to determine the sustainability and carrying capacity of the forest. 

The total biomass at the study site was 316 Mg ha 1 (Table 1), a value lower than that in the protected stands with a mean of 409 Mg ha -1 in Matang^) and 
showed comparable values to those of R. apiculata forests in Indonesia (356 Mg ha _1 )4). Kusmana et al.5) pointed out that a large biomass of more than 
http://ss.jircas.affrc.go.jp/engpage/jarq/34-2/tanouchi/34-2(10-2).htm (2 of 3) [10/7/2002 9:09:26 PM] 




200 Mg ha 1 is produced in an area where the annual temperature and precipitation exceed 25°C and 2,000 mm, respectively. The Malay Peninsula where 
the study area is located is under such climatic conditions. Moreover, the lack of wind disturbance mainly associated with typhoons contributes to the 
growth of taller trees^l, and consequently higher trees produce a large biomassTL). In this study, pure stand of R. apiculata (Plot 1) had a large biomass 
with a value (dry matter, 558 Mg ha 1 ) presumably higher than the biomass values reported in the literature. Sites with an extremely high or low biomass 
occur patchily in natural forests. Most of the pure stands of R. apiculata (Plots 1, 2 and 7, Figs. 2 and 3) display a larger biomass than the stands where 
Rhizophora and Bruguiera species grow together. Wood of Rhizophora species has a higher quality as fuel compared with that of Bruguiera species^. 

For the production of larger amounts of sustainable biomass for firewood and charcoal, it is important to secure a larger productive area where R. 
apiculata can predominate easily, i.e. areas at a lower ground level. 

The annual dead biomass, which is supplied to the forest floor as nutrients for aquatic life, amounted to 5.1 Mg ha 1 . However, since this value was only 
recorded for 1 year and there are no other reports on dead biomass, further studies should be carried out. The balance between dead and growth mass in a 
year is 0 in a well-matured forest. Based on the biomass in a stand whose age was recorded exactly in Malaysia, the annual growth was 7.9 Mg ha -1 -^X 
Although we can not simply compare the valued with the dead mass in our stands, the forest under study must be still growing and preserving organic 
matter as live biomass. Moreover, it remains to be determined when the respective organs (leaf, branch and stem) fall to the floor after dying. It will be 
necessary to clarify the process whereby dead standing trees produce debris to determine the effect of fallen trees (dead biomass) on habitats and nutrients 
for aquatic life. 
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Tablet. Aboveground biomass and biomass supplied as 
debris in each plot 


Plot 

Aboveground biomass 
(Mg to ') 

Supplied biomass 
(Mg ha 1 yf'y 

Ratio 

(%) 

1 

557.8 

0,0 

0.0 

2 

587.8 

1.2 

0.3 

3 

302.4 

15,2 

5.0 

4 

289.0 

4.2 

1.5 

5 

244.4 

15-4 

6.3 

6 

301.8 

0,0 

0.0 

7 

257.4 

4.8 

1.9 

8 

143.9 

5.0 

3.5 

9 

359.1 

0,0 

0.0 

Mean 

315 J 

5.1 

1.6 


* Value refers to dead aboveground biomass in a year. 
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Biological mechanisms of drought stress response 


Kazuko Yamaguchi-Shinozaki 1 , Mie Kasuga 1 , Qiang Liu 1 , 

Kazuo Nakashima 1 , Yoh Sakuma 1 , Hiroshi Abe 1 , 

Zabta K. Shinwari 1 , Motoaki Seki 2 and Kazuo Shinozaki 2 

'Biological Resources Division, Japan International Research Center for Agricultural Sciences (JIRCAS), 1-1 Ohwashi, 
Tsukuba, Ibaraki 305-8686, Japan. 

Laboratory of Plant Molecular Biology, The Institute of Physical and Chemical Research (RIKEN), 3-1-1 Koyadai, 
Tsukuba, Ibaraki 305-0074, Japan 


Abstract 


Plant productivity is greatly affected by drought stress. We reported that a as-acting promoter element, the dehydration response 
element (DRE), plays an important role in regulating gene expression in response to drought stress in Arabidopsis. The DRE is also 
involved in low-temperature and salt responsive gene expression. The transcription factor DREB1A specifically interacts with the DRE 
and induces expression of stress tolerance genes. Overexpression of the cDNA encoding DREB1A in transgenic Arabidopsis plants 
activated the expression of many of these stress tolerance genes under normal growing conditions and resulted in improved tolerance to 
drought, salt loading, and freezing. We prepared a cDNA microarray using full-length Arabidopsis cDNAs to identify the target stress 
tolerance genes of DREB 1 A. Twelve stress-inducible genes were identified as the target genes of DREB 1 A, and six of them were novel. 
However, use of the strong constitutive 35S cauliflower mosaic virus (CaMV) promoter to drive expression of DREB 1A also resulted in 
severe growth retardation under normal growing conditions. In contrast, expression of DREB 1A from the stress inducible rd29A promoter 
gave rise to minimal effects on plant growth while providing an even greater tolerance to stress conditions than did expression of the gene 
from the 35S CaMV promoter. As the DRE-related regulatory element is not limited to Arabidopsis, the DREB 1A cDNA and the rd29A 
promoter may be useful to improve the stress tolerance of agriculturally important crops by gene transfer. 

Keywords: abiotic stress, stress tolerance, gene expression, cis-element DRE, transcription factor DREB 1 A, transgenic plant 


Introduction 

Drought, salt loading, and freezing are 
environmental conditions that cause adverse effects on 
the growth of plants and the productivity of crops. 
Plants respond to these stresses at molecular and cellular 
levels as well as physiological level. Expression of a 
variety of genes has been demonstrated to be induced by 
these stresses. 1 " 4 The products of these genes are thought 
to function not only in stress tolerance but also in the 
regulation of gene expression and signal transduction in 
stress response (Fig.1). 5 6 

Genetic engineering is thought to be useful for 
improving the stress tolerance of plants. Recently, 
several different approaches were attempted to improve 
the stress tolerance of plants by gene transfer. 7 The 
genes selected for transformation were those involved in 
encoding enzymes required for the biosynthesis of 



Fig. 1. Schematic representation of molecular responses to 
drought stress in plant cells. Molecular and cellular responses to 
drought stress include perception of dehydration signal, signal 
transduction to cytoplasm and nucleus, gene expression, and 
responses and tolerance to drought stress 
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various osmoprotectants. 8 " 10 Other genes that have been 
selected for transformation include those that encoded 
enzymes for modifying membrane lipids, LEA protein, 
and detoxification enzyme. 11 " 14 In all these experiments, 
a single gene for a protective protein or an enzyme was 
overexpressed under the control of the 35S cauliflower 
mosaic virus (CaMV) constitutive promoter in 
transgenic plants, although a number of genes have been 
shown to function in environmental stress tolerance and 
response. The genes encoding protein factors that are 
involved in regulation of gene expression and signal 
transduction and function in stress response seem to be 
useful to improve the tolerance of plant to stresses by 
gene transfer as they can regulate many stress-inducible 
genes involved in stress tolerance. 

Drought is one of the most severe environmental 
stresses and affects almost all the plant functions. 
Abscisic acid (ABA) is produced under water deficit 
conditions and plays important roles in tolerance against 
drought. Most of the drought inducible genes that have 
been studied to date are also induced by ABA. 5 ' 6 Several 
reports have described genes that are induced by 
dehydration but are not responsive to exogenous ABA 
treatments. 5 ' 6 These findings suggest the existence of 
ABA-independent as well as ABA-dependent signal- 
transduction cascades between the initial signal of 
drought stress and the expression of specific genes. 5,6 To 
understand the molecular mechanisms of gene 
expression in response to drought stress, cis- and trans¬ 
acting elements that function in ABA-independent and 
ABA-responsive gene expression by drought stress have 
been precisely analyzed. 5 6 In this article, we summarize 
recent progress of our research on cis- and trans -acting 
factors involved in ABA-independent gene expression 
in drought stress response. We also report stress 
tolerance of transgenic plants that overexpress a single 
gene for a stress-inducible transcription factor using 
Arabidopsis as a model. 

A variety of functions of drought-inducible genes 

Various genes respond to drought-stress in various 
species, and functions of their gene products have been 
predicted from sequence homology with known 
proteins. Many drought-inducible genes are also 
induced by salt stress and low temperature, which 
suggests the existence of similar mechanisms of stress 
responses. Genes induced during drought-stress 
conditions are thought to function not only in protecting 
cells from water deficit by the production of important 
metabolic proteins but also in the regulation of genes for 
signal transduction in the drought stress response. 1 " 6 
Thus, these gene products are classified into two groups 
(Fig. 2). The first group includes proteins that probably 
function in stress tolerance; such as chaperones, LEA 


I FUNCTIONAL PROTEINS [ f REGURATORY PRO TEINS ) 



Fig. 2. Drought-stress inducible genes and their possible 
functions in stress tolerance and response. Gene products are 
classified into two groups. The first group includes proteins that 
probably function in stress tolerance (Functional proteins), and 
the second group contains protein factors involved in further 
regulation of signal transduction and gene expression that 
probably function in stress response (Regulatory proteins). 


proteins, osmotin, antifreeze proteins, mRNA binding 
proteins, key enzymes for osmolytes biosynthesis, water 
channel proteins, sugar and proline transporters, 
detoxyfication enzymes and various proteases. LEA 
proteins, chaperones and mRNA binding proteins have 
been analyzed biochemically and shown to be involved 
in protecting macromolecules like enzymes, lipids and 
mRNAs from dehydration. Proline, glycine betaine and 
sugars function as osmolytes and protecting cells from 
dehydration. Key enzymes of several osmolytes have 
been cloned and analyzed biochemically. Water channel 
proteins, sugar transporters and proline transporters are 
thought to function in transport of water, sugars and 
proline through plasma membranes and tonoplast to 
adjust osmotic pressure under stress conditions. 
Detoxification enzymes, such as glutathione S- 
transferase, superoxide dismutase, and a soluble epoxide 
hydrolase are involved in protection of cells from active 
oxygens. Proteases including thiol proteases, Clp 
protease, and ubiquitin are thought to be required for 
protein turnover and recycle of amino acids. 

The second group contains protein factors involved in 
further regulation of signal transduction and gene 
expression that probably function in stress response: 
protein kinases, transcription factors and enzymes in 
phospholipids metabolism. 1 " 6 Genes for a variety of 
transcription factors that contain typical DNA binding 
motifs, such as bZIP, MYB, MYC, ERF/AP2 and Zinc 
fingers, have been demonstrated to be stress inducible. 4 ' 6 
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These transcription factors function in further regulation 
of various functional genes under stress conditions. 
Various protein kinases, such as MAP kinases, calcium 
dependent protein kinases (CDPK), SNF1 related 
protein kinase and ribosomal S6 kinase were 
demonstrated to be induced or upregulated by 
dehydration. 6,15 Stress-inducible genes for protein 
phosphatases are reported. 16 These protein kinases and 
phosphatases may be involved in modification of 
functional proteins and regulatory proteins involved in 
stress signal transduction pathways. Phospholipids, such 
as inositol 1,4,5-triphosphate, diacylglycerol and 
phospahtidic acid are believed to be involved in stress 
signaling process in plants. 6 Enzymes involved in 
phospholipids metabolism of which genes are stress- 
inducible may play important roles in stress signaling as 
well. Existence of variety of drought-inducible genes 
suggests complex responses of plants to drought stress. 
Their gene products are involved in drought stress 
tolerance and stress responses. 


Expression of dehydration-induced genes in response 
to environmental stresses and ABA 

The expression patterns of genes induced by drought 
were analyzed by RNA gel-blot analysis. Results 
indicated broad variations in the timing of induction of 
these genes under drought conditions. All the drought- 
inducible genes are induced by high salinity stress. Most 
of the drought-inducible genes also respond to cold 
stress but some of them do not, and vice versa. Many 
genes respond to ABA whereas some others do not. 1 " 6 
ABA-deficient mutants were used to analyze drought- 
inducible genes that respond to ABA. Several genes 
were induced by exogenous ABA treatment, but were 
also induced by cold or drought in ABA-deficient (aba) 
or ABA-insensitive (abi) Arabidopsis mutants. These 
observations indicate that these genes do not require an 
accumulation of endogenous ABA under cold or 
drought conditions, but do respond to ABA. There are 
ABA-independent as well as ABA-dependent regulatory 
systems of gene expression under drought stress. 
Analysis of the expression of ABA-inducible genes 
showed that several genes require protein biosynthesis 
for their induction by ABA, suggesting that at least two 
independent pathways exist between the production of 
endogenous ABA and gene expression under stress 
conditions. 

As shown in Fig. 3, it is now hypothesized that at 
least four independent signal transduction pathways 
function in the activation of stress-inducible genes 
under dehydration conditions: two are ABA-dependent 
(pathways I and II) and two are ABA-independent 
(pathways III and IV). 5 ’ 6 One of the ABA-dependent 
pathways requires protein biosynthesis (pathway I). Cis- 



Fig. 3. Signal transduction pathways between initial dehydration 
stress signal and gene expression. There are at least four signal 
transduction pathways: two are ABA-dependent (I and II) and 
two are ABA-independent (III and IV). Protein synthesis is 
necessary for one of the ABA-dependent signal pathways (I). 
ABRE is involved in one of the ABA-dependent pathway (II). In 
one of the ABA-independent pathways, DRE is involved in the 
regulation of genes not only by drought and salt but also by cold 
stress(IV). Another ABA-independent pathway is controlled by 
drought and salt, but not by cold (III). 

and trans- acting factors involved in ABA-induced gene 
expression have been extensively analyzed in one of the 
ABA-dependent pathway (pathway II). One of the 
ABA-independent pathways overlaps with that of the 
cold response (pathway IV). There are several drought- 
inducible genes that do not respond to either cold or 
ABA treatment, which suggests that there is a fourth 
pathway in the dehydration stress response (pathway 
III). Recently, based on genetic analysis of Arabidopsis 
mutants with the rd29A promoter: duciferase transgene, 
the existence of drought-, salt- and cold-specific 
signaling pathways in stress response was suggested, 
but crosstalks between these signaling pathways were 
also observed. 


Identification of a c/s-acting element, DRE, involved 
in drought-responsive expression 

Numbers of genes are induced by drought, salt and 
cold in aba (ABA-deficient) or abi (ABA-insensitive) 
Arabidopsis mutants. This suggests that these genes do 
not require ABA for their expression under cold or 
drought condition. Among these genes, the expression 
of a drought-inducible gene for rd29A/lti78/cor78 was 
extensively analyzed. 17 At least two separate regulatory 
systems function in gene expression during drought and 
cold stress; one is ABA-independent (Fig. 3, pathway 
IV) and the other is ABA-dependent (pathway II). 

To analyze the cis- acting elements involved in the 
ABA-independent gene expression of rd29A, we 
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constructed chimeric genes with the rd29A promoter 
fused to the b-glucuronidase ( GUS ) reporter gene and 
transformed Arabidopsis and tobacco plants with these 
constructs. The GUS reporter gene driven by the rd29A 
promoter was induced at significant levels in transgenic 
plants by conditions of dehydration, low-temperature, or 
high-salt or by treatment with ABA. 18 The deletion, the 
gain-of-function and the base substitution analysis of 
the promoter region of rd29A gene revealed that a 9-bp 
conserved sequence, TACCGACAT (DRE, Dehydration 
Responsive Element), is essential for the regulation of 
the expression of rd29A under drought conditions. 
Moreover, DRE has been demonstrated to function as a 
cA-acting element involved in the induction of rd29A by 
either low-temperature or high-salt stress. 17 Therefore, 
DRE seems to be a cA-acting element involved in gene 
induction by dehydration, high-salt, or low temperature, 
but does not function as an ABA-responsive element in 
the induction of rd29A. 


Important roles of the DRE binding proteins during 
drought and cold stresses 

Two cDNA clones that encode DRE binding 
proteins, DREB1A and DREB2A, were isolated by 
using the yeast one-hybrid screening technique. 19 The 
deduced amino acid sequences of DREB1A and 
DREB2A showed significant sequence similarity with 
the conserved DNA binding domains found in the ERF 
and APETALA2 proteins that function in ethylene- 
responsive expression and floral morphogenesis, 
respectively. 20 ' 21 Each DREB protein contained a basic 
region in its N-terminal region that might function as a 
nuclear localization signal and an acidic C-terminal 
region that might act as an activation domain for 
transcription. These data suggest that each DREB 
cDNA encodes a DNA binding protein that might 
function as a transcriptional activator in plants. 

The ability of the DREB 1A and DREB 2A proteins 
expressed in Escherichia coli. to bind the wild-type or 
mutated DRE sequences was examined using the gel 
retardation method. 19 The results indicate that the 
binding of these two proteins to the DRE sequence is 
highly specific. To determine whether the DREB 1A and 
DREB2A proteins are capable of transactivating DRE- 
dependent transcription in plant cells, we performed 
transactivation experiments using protoplasts prepared 
from Arabidopsis leaves. Coexpression of the DREB 1A 
or DREB2A proteins transactivated the expression of 
the GUS reporter gene driven by the DRE sequence in 
Arabidopsis leaf protoplasts. These results suggest that 
the DREB 1A and DREB2A proteins function as 
transcription activators involved in the cold- and 
dehydration-responsive expression, respectively, of the 
rd29A gene (Fig. 4). 19 


Cold Drought, Salt 



Fig. 4. A model of the induction of the rd29A gene and cis- and 
trans -acting elements involved in stress-responsive gene 
expression. Two cA-acting elements, DRE and ABRE, are 
involved in the ABA-independent and ABA-responsive induction 
of rd29A, respectively. Two types of different DRE binding 
proteins, DREB1 and DREB2, separate two different signal 
transduction pathways in response to cold and drought stresses, 
respectively. DREBls/CBFl are transcriptionally regulated 
whereas DREB2s are controlled post-translationally as well as 
transcriptionally. ABRE binding proteins encode bZIP 
transcription factors. 


We isolated cDNA clones encoding two DREB 1A 
homologs (named DREB IB and DREB 1C). 19 The 
DREB IB clone was identical to CBF1. 22 We also 
isolated cDNA clones encoding a DREB2A homolog 
and named it DREB2B. Expression of the DREB 1A 
gene and its two homologs was induced by low- 
temperature stress, 23 whereas expression of the DREB2A 
gene and its single homolog was induced by 
dehydration. 24 These results indicate that two 
independent families of DREB proteins, DREB1 and 
DREB2, function as trans-acting factors in two separate 
signal transduction pathways under low-temperature 
and dehydration conditions, respectively (Fig. 4). 19 


Analysis of the roles of DREB1A and DREB2A by 
using transgenic plants 

We generated transgenic plants in which the 
DREB 1A or DREB2A cDNAs were introduced to 
overproduce the DREB proteins to analyze the effects of 
overproduction of the DREB 1A and DREB 2A proteins 
on the expression of the target rd29A gene. Arabidopsis 
plants were transformed with vectors carrying fusions of 
the enhanced CaMV 35 S promoter and the DREB 1A 
(35S:DREB1A) or DREB2A (35S:DREB2A) cDNAs in 
the sense orientation. 19 ' 25 All of the transgenic plants 
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carrying the 35S:DREB1A transgene (the 35S:DREB1A 
plants) showed growth-retardation phenotypes under 
normal growth conditions. The 35S:DREB1A plants 
showed variations in phenotypic changes in growth 
retardation that may have been due to the different 
levels of expression of the DREB1A transgenes for the 
position effect. 19 

To analyze whether overproduction of the DREB1A 
protein caused the expression of the target gene in 
unstressed plants, we compared the expression of the 
rd29A gene in control plants carrying pBI121 vector. 
Transcription of the rd29A gene was low in the 
unstressed wild-type plants but high in the unstressed 
35S:DREB1 A plants. 19 The level of the rd29A 
transcripts under the unstressed control condition was 
found to depend on the level of the DREB1A 
transcripts. 19 To analyze whether overproduction of the 
DREB1A protein caused the expression of other target 
genes, we evaluated the expression of its target stress- 
inducible genes. In the 35S:DREB1A plants the kind, 
cor6.6/kin2, corl5a, cor47/rdl7 and erdlO genes were 
expressed strongly under unstressed control conditions, 
as was the rd29A gene. 6,26,27 

Recently we prepared a cDNA microarray using 
1300 full-length Arabidopsis cDNAs to identify further 
target stress-inducible genes of DREB1A. 28 mRNA 
prepared from the 35S:DREB1A plants and wild-type 
control plants were used for the preparation of Cy3- 
labeled and Cy5-labeled cDNA probes, respectively. 
These cDNA probes regarded genes with expression 
levels more than two times greater in the 35S:DREB1A 
transgenic plants than in wild-type control plants as 
DREB1A target genes. In total, 12 DREB1A target 
genes were identified by cDNA microarry analysis. 
Among them, six were shown to be DREB1A target 
genes: rd29A, kinl, cor6.6/kin2, corl5a, cor47/rdl7 and 
erdlO. Also, among the six novel DREB1A target genes 
that have not been shown as DREB1A target genes 
previously, we found cDNAs showing sequence identity 
with putative cold acclimation protein, DC 1.2 homolog, 
enolase and cysteine proteinase inhibitor, and erd4 
cDNA. All these gene products probably function in 
stress tolerance in plant cells. 

In contrast, the transgenic plants carrying the 
35S:DREB2A transgene (the 35S:DREB2A plants) 
showed little phenotypic change. In the 35S:DREB2A 
transgenic plants, the rd29A mRNA did not accumulate 
significantly, although the DREB2A mRNA 
accumulated even under unstressed conditions. 19 
Expression of the DREB2A protein is not sufficient for 
the induction of the target stress-inducible gene. 
Modification, such as phosphorylation of the DREB2A 
protein, seems to be necessary for its function in 
response to dehydration (Fig. 4). However, DREB1 
proteins can function without modification. 


Drought, salt and freezing stress tolerance in 
transgenic plants 

The tolerance to freezing and dehydration of the 
transgenic plant was analyzed using the 35S:DREB1A 
plants grown in pots at 2°C for 3 weeks. When plants 
were exposed to a temperature of -6°C for 2 days, 
returned to 22°C, and grown for 5 days, all of the wild- 
type plants died, whereas the 35S:DREB1A plants 
survived at high frequency. 19 27 Freezing tolerance was 
correlated with the level of expression of the stress- 
inducible genes under unstressed control conditions 
(Fig. 5; between 80 and 30%, survival). 19,27 

To test whether the introduction of the DREB1A 
gene enhances tolerance to dehydration stress, we did 
not water the plants for 2 weeks. Although all of the 
wild-type plants died within 2 weeks, between 70 and 
20% of the 35S:DREB1A plants survived and continued 
to grow after rewatering. Drought tolerance was also 
dependent on the level of expression of the target genes 
in the 35S:DREB1A plants under unstressed conditions 
(Fig. 4). 19,27 

Overexpression of the DREB1A cDNA, driven by 
the constitutive 35S CaMV promoter in transgenic 



Fig. 5. Freezing, drought and salt stress tolerance of the 
35S:DREBlAb, 35S:DREBlAc and rc/2ft4:DREBI Aa transgenic 
plants. The stress treatments were conducted as described in the text, 
control = 3-week-old plants growing under normal conditions; 
freezing = plants exposed to a temperature of -6°C for 2 days and 
returned to 22°C for 5 days; drought = water withheld for 2 
weeks; high-salinity = plants soaked in 600 mM NaCl solution 
for 2 h and transferred to pots under normal growing conditions 
for 3 weeks. 
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plants, activated strong expression of the target stress- 
inducible genes under unstressed conditions, which, in 
turn, increased tolerance of freezing, salt and drought 
stresses. 19,27 Jaglo-Ottosen et al. reported that CBF1 
overexpression also enhances freezing tolerance. 29 
However, the overexpression of stress-inducible genes 
controlled by the DREB1A protein caused severe 
growth retardation under normal growth conditions. 19,27 

To resolve the problem of growth retardation, we 
used the stress-inducible rd29A promoter to cause 
overexpression of DREB1A in transgenic plants 
(rJ29A:DREBlA plants). 27 Because the rd29A promoter 
was stress-inducible and contained binding sites for the 
DREB1A protein, it did not cause expression of the 
DREB1A transgene at high levels under unstressed 
conditions; instead, it rapidly amplified expression of the 
DREB1A transgene only under dehydration, salt, and 
low-temperature stress. The rd29A:DREBlA plants 
revealed strong stress tolerance even though their growth 
retardation under normal growing conditions was not 
significant. Moreover, the growth and the productivity of 
these plants were almost the same as those of the wild- 
type plants under normal growing conditions. 27 

On the contrary, the rd29A: DREB1A transgenic 
plants are more tolerant to the stresses than the 
35S:DREB1A plants that exhibited growth retardation 
under normal growing conditions (Fig. 5). 27 As the 
rd29A gene is one of the target genes of the DREB1A 
protein, the rd29A promoter is more suitable for the 
tissue specific expression of the DREB1A gene in plants 
than the 35S CaMV promoter. In the rd29A:DREBlA 
plants, the target gene products seem to be strongly 
accumulated in the same tissues that express the 
products under stress conditions. These results indicate 
that combination of the DREB1A cDNA with the rd29A 
promoter would be quite useful for improving drought, 
salt and freezing-stress tolerance in transgenic plants. 

In previous studies, we showed that DRE also 
functions in gene expression in response to stress in 
tobacco plants 17,1S , which suggests the existence of 
similar regulatory systems in tobacco and other crop 
plants. DRE-related motifs have been reported in the 
promoter region of cold-inducible Brassica napus and 
wheat genes. 30,31 These observations suggest that both 
the DREB1A cDNA and the rd29A promoter can be 
used to improve the dehydration, salt and freezing 
tolerance of crops by gene transfer. 

Conclusion 

Molecular mechanisms of drought stress response 
and tolerance have been actively studied these ten years. 
Many genes that are regulated by drought stress have 
been reported in a variety of plants. Analyses of stress- 
inducible gene expression have revealed the presence of 


multiple signal-transduction pathways between the 
perception of drought-stress signal and gene expression. 
At least four different transcription factors have been 
suggested to function in the regulation of dehydration- 
inducible genes; two are ABA-responsive and two are 
ABA-independent. This explains the complex stress 
response observed after exposure of plants to drought 
stress. Genetic analysis of Arabidopsis mutants with the 
rd29A promoter: :Luciferase transgene also suggest 
complex signaling pathways in drought-, salt- and cold- 
stress responses. 32 Some genes are rapidly induced by 
drought stress in 10 min whereas others are slowly 
induced in a few hours after the accumulation of 
endogenous ABA. Several genes for various 
transcription factors are induced by drought stress and 
ABA at transcriptional levels, which might be involved 
in the regulation of slowly expressed genes of which 
products functions in stress tolerance and adaptation. In 
addition, many genes for factors involved in the signal- 
transduction cascades, such as protein kinases and 
enzymes involved in PI turnover, are upregulated by 
drought stress signal. 6 These signaling factors might be 
involved in the amplification of the stress signals and 
adaptation of plant cells to drought-stress conditions. 
Molecules that functions as osmosensors and ABA- 
receptors have not been identified. Based on the 
knowledge of osmosensors in yeast and bacteria, 
cloning of homologues of the two-component histidine 
kinase as an osmosensor is in progress in higher plants. 
Molecular analyses of these factors should provide a 
better understanding of the signal-transduction cascades 
during drought stress. Transgenic plants that modify the 
expression of these genes will give more information on 
the function of their gene products. 

Sequence of Arabidopsis entire genome was 
completed by the end of 2000, which means that 
structures of all the 26,000 genes of Arabidopsis were 
determined. 33,34 All the stress-inducible genes will be 
identified by systematic analysis of gene expression. In 
the next decade, we think it important to develop novel 
methods to analyze complex networks of stress 
responses of higher plants. Reverse genetic approach as 
well as classical genetics will become more important to 
understand not only functions of stress-inducible genes 
but also complex signaling process in environmental 
stress responses. Efficient gene disruption methods as 
well as transgenic approaches using antisense or sense 
constructs also contribute for the precise understanding 
of molecular mechanisms of stress response. 
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Abstract 


Plant growth, productivity and distribution are severely limited by environmental stresses including freezing, drought and salinity, all 
of which disturb the water balance of the cell. Plants have evolved different adaptive strategies to alleviate the adverse effects of these 
abiotic stresses. In plant cold acclimation exposure to moderate stress (such as low nonfreezing temperatures) or to other environmental 
cues (such as drought or changes in photoperiod) triggers stress acclimation pathways leading to an increase in freezing tolerance. We 
employ Arabidopsis as our model to explore the cold acclimation process that takes place during the growing season, typical to many 
temperate herbaceous species. This acclimation is associated with activation of several stress response regulons (including genes e.g. for 
dehydrins) and subsequent metabolic and physiological alterations required for the enhanced stress tolerance. Overexpression of some of 
the target genes of these regulons or metabolic engineering of biosynthesis of osmoprotectants, such as trehalose, has been shown to result 
in improved freezing and drought tolerance. 

Elucidation of the signal pathways and components controlling the stress response regulons is one of the key areas plant stress 
research. A central theme in our research is to clarify how plants sense the environmental cues triggering cold acclimation and how these 
signals are transduced to the level of target gene expression. A number of interacting signal pathways appear to control the activation of 
the low temperature responsive genes, some of which are mediated through the action of the plant hormone ABA. Our recent work in 
Arabidopsis has been focused on characterization of selected candidate signal components including putative channel proteins and protein 
phosphatases. As one example antisense inhibition of PP2CA was shown to lead to accelerated cold acclimation indicating that this 
phosphatase is a negative regulator of the cold acclimation response. Such modulation of the key components of low temperature response 
pathways (regulon engineering) provides a way for improving plant stress tolerance. Another approach used for regulon engineering has 
been ectopic expression of the ABI3 gene encoding a seed specific transcription factor, which also resulted in enhanced freezing tolerance. 
In conclusion understanding the molecular basis of plant cold acclimation response already provides several strategies to improve freezing 
tolerance in plants. 

Keywords: stress tolerance, cold hardiness, abscisic acid, signal transduction, gene expression, Arabidopsis 


Introduction 

Plants are constantly exposed to, and need to 
survive, a changing and often unfavorable environment. 
This has led to the evolution of adaptive strategies that 
permit plant cells to sense environmental stimuli and to 


activate responses that allow avoidance or survival of 
the environmental stresses encountered. One of the 
major environmental challenges to plant growth, 
productivity and distribution are stresses leading to 
cellular water deficit such as freezing, drought and high 
salinity (Boyer, 1982). Freezing stress is commonly 
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experienced by plants growing in temperate and boreal 
climates. Resistance or sensitivity to the stress depends 
on the species, the genotype, and the developmental age 
of the plant (Bray et al., 2000). Suboptimal temperature 
can cause serious damage to a number of plants. 
However, different plant species vary widely in their 
ability to tolerate low temperature stress (Levitt, 1980; 
Sakai and Larcher, 1987). Chilling-sensitive tropical 
species can be irreparably damaged when temperatures 
drop below 10°C while chilling tolerant but freezing 
sensitive species are readily damaged by subzero 
temperatures. Injuries are caused by impairments in 
cellular processes including alterations in membrane 
properties, interactions between macromolecules and 
enzymatic reactions. Freezing-sensitive tissues are 
damaged at subzero temperatures as a result of ice 
formation. In contrast, freezing-tolerant temperate 
plants are able to survive considerable extracellular 
freezing, e. g. fully acclimated herbaceous species can 
readily tolerate temperatures of -10 to -20°C. Freezing 
stress is a composite stress caused by the low 
temperature as such and mechanical stress due to ice 
formation in the tissues. On cellular level freezing stress 
is mainly due to freeze-induced cellular dehydration 
resulting in injuries in membranes (Steponkus et al., 
1993) and linking freezing with other stresses (drought 
and high salinity) leading to cellular water deficit 
(Palva, 1994). However, other factors may contribute 
also to cellular damage during freezing stress. At low 
temperatures, protein denaturation may occur (Guy et 
al., 1998). Moreover, there is evidence that freezing 
stress can trigger the production of reactive oxygen 
species that play a role in generation of membrane 
damage (McKersie and Bowley, 1997). Plants can be 
exposed to freezing temperatures both during active 
growth as well as during overwintering. Overwintering 
woody plants as well as dormant seeds of many plant 
species exhibit extremes of low temperature survival, 
e.g. fully acclimated birch tissue can tolerate liquid 
nitrogen temperature. 

Cold acclimation 

Plants need to adjust to both daily and seasonal 
fluctuations in temperature. Seasonal acclimation is 
operational in overwintering herbs and in woody plants. 
In woody species, acclimation is a two-step process 
where the first phase of acclimation is triggered by 
shortening of the photoperiod and the second by low 
temperature. In both annual and in most overwintering 
herbaceous plants, freezing tolerance is not affected by 
the photoperiod but acclimation is mainly triggered by 
low nonfreezing temperatures. Cold acclimation is a 
rather rapid process in many herbaceous species. A 
substantial increase in freezing tolerance of e.g. 


Arabidopsis can be achieved already after one-day 
exposure to low temperature although full acclimation 
requires more than a week. Upon return to normal 
growth temperatures, freezing tolerance is rapidly lost 
(Palva, 1994; Thomashow, 1999). In addition to low 
non-freezing temperatures, cold acclimation can be 
triggered by exposing the plants to moderate water stress 
or exogenously applied abscisic acid (ABA) (Lang et al., 
1989; Guy et al., 1992; Mantyla et al., 1995). 

Cold acclimation is associated with several 
physiological and biochemical alterations in the plants. 
The best-characterized changes include alterations in 
gene expression, changes in hormone levels, increases 
in soluble sugars, amino acids and organic acids, 
accumulation of osmoprotectants and protective 
proteins as well as modification of membrane lipid 
composition (for reviews, see Palva, 1994; Hughes and 
Dunn, 1996; Palva and Heino, 1997; Thomashow, 
1999). Although the causal relationship of many of 
these changes to increased freezing tolerance is still 
unclear, some of the genes and regulons involved in 
cold acclimation are being unraveled (Thomashow, 
1999; Nuotio et al., 2001). 

Already in 1985 it was demonstrated that cold 
acclimation is correlated with changes in translatable 
mRNA populations. Subsequently, a great number of 
cold-induced genes has been isolated and characterized 
from a variety of plant species, (for reviews see Palva, 
1994; Hughes and Dunn 1996; Thomashow 1998). 
Some of these genes code for proteins whose 
biochemical function is known or at least can be 
predicted based on sequence homology. Among these 
are fatty acid desaturases, chaperones, lipid transfer 
proteins, proteins involved in osmoprotectant 
biosynthesis, antifreeze proteins and signal transduction 
components, such as transcription factors, kinases and 
phosphatases (Hughes and Dunn 1996; Thomashow 
1998; Nuotio et al., 2001). However, for many of the 
low temperature induced/cold regulated ( LTI/COR ) gene 
products, there is no known function. In many cases, 
however, related genes have been found in different 
plant species, indicating that the proteins induced by 
low temperature are conserved. 

One of the most common categories of genes 
induced by low temperature encode dehydrins 
(dehydration induced), also called LEA (/ate 
embryogenesis abundant) proteins in a wide range of 
higher plants. Indeed, there is evidence that they exist in 
all of photosynthetic organisms (Close 1997). Most 
dehydrin genes are induced in response to any 
environmental influence that has a dehydration 
component (such as drought, low temperature or 
salinity), by ABA or during the late stages of 
embryogenesis. The dehydrins are hydrophilic and 
remain soluble after boiling. They are characterised by 
one or more copies of a lysine rich repeat (the K 
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segment) EKKGIMDKIKEKLPG, which has been 
proposed to form an amphipathic (-helix (Dure 1993; 
Close 1997). Many dehydrins also contain other 
conserved motifs such as a run of serine residues (S- 
repeat) or the Y segment (Close 1997). Even though the 
exact function of these proteins has not been 
established, their biochemical properties and 
accumulation patterns suggest that the dehydrins could 
stabilize cellular structures during dehydration stress 
(Close 1997; Nylander et al., 2001b). There are about 10 
dehydrin genes in the genome of Arabidopsis 
suggesting that dehydrins constitute a redundant family 
of proteins. 

Although great progress has been achieved in 
understanding the molecular basis for plant cold 
acclimation during the last decade, the complexity of 
the systems hampers genetic engineering of plant 
freezing tolerance. As discussed above, little is known 
about the exact function of many of the proteins 
encoded by the low temperature induced genes. It is, 
therefore, essential to elucidate the function and 
contribution of these genes and gene products in 
tolerance before a general strategy for engineering 
plants with increased frost tolerance is available. 
Several transgenic plant lines overexpressing different 
low temperature responsive genes have been created, 
but only a marginal effect on freezing tolerance has 
been demonstrated (Artus et al., 1996; McKersie and 
Bowley, 1997; Puhakainen et al., unpublished). Similar 
results have been obtained in studies of water stress 
tolerance. Thus, this type of target gene engineering 
has not been very fruitful in engineering plant freezing 
tolerance. The approach is most likely hampered by 
the redundancy of the system, where an individual 
gene product has only a minor contribution to the 
overall tolerance. Thus this approach would require 
pyramiding a number of target genes providing 
additive effects on tolerance. 

In contrast to the limited success achieved by target 
gene engineering, metabolic engineering of 
osmoprotectants appears to be of more promise in 
improving plant stress tolerance. Induction of 
osmoprotectants biosynthesis is part of the plant 
response to both drought and low temperature. There 
are now a number of examples in which increased 
drought tolerance was obtained by introducing simple 
metabolic traits from other organisms such as 
production of trehalose or glycine betaine (see e. g. 
Holmstrom et al., 1996; Holmstrom et al., 2000) to 
plants. In addition to their effect on drought tolerance 
osmoprotectants appear also to enhance freezing 
tolerance in plants. Recent data from our laboratory 
suggest that transgenic Arabidopsis lines producing 
trehalose exhibit increased tolerance to freezing 
temperatures both in cold acclimated and in 
nonacclimated plants (Tamminen et al., unpublished). 


Signal transduction in cold acclimation 

In order to respond to low temperature, plants have 
to perceive the stress, transduce the signal to the 
nucleus, and activate specific gene expression. The 
exact mechanisms by which this occurs are not clear, 
even though different components involved in the 
process have been characterized. The emerging insight 
is that this mechanism is complex, consisting of several 
distinct signal pathways that may interact with each 
other (Thomashow, 1999; Shinozaki and Yamaguchi- 
Shinozaki, 2000; Nuotio et al., 2001; Zhu, 2001). 
Moreover, it is likely that the low temperature signal 
pathways are converging and interacting with other 
stress-induced pathways, such as those mediating 
dehydration and abscisic acid responses (Ishitani et al., 
1997). Our earlier work established the presence of 
ABA-independent and ABA-mediated pathways in low 
temperature signaling (Nordin et al., 1991; 1993) and 
also underlined the requirement for ABA in cold 
acclimation. Several lines of evidence indicate the role 
of ABA-controlled processes in cold acclimation: (i) 
Exogenous application of ABA at normal growth 
temperature leads to increased freezing tolerance (Chen 
et al., 1983; Lang et al., 1989). (ii) There is a transient 
increase in endogenous ABA at the onset of acclimation 
(Lang et al., 1994). (iii) Several low temperature 
induced genes are also responsive to ABA (Palva 1994). 
(iv) Both ABA-deficient and ABA-insensitive 
Arabidopsis mutants are impaired in cold acclimation 
(Heino et al., 1990; Mantyla et al., 1995). 

The nature of the primary sensor of low temperature 
is still a puzzle. Murata and Los (1997) suggested that a 
primary signal might be the change in membrane 
fluidity, which is one of the most rapid effects of 
temperature on the plasma membrane. The mechanisms 
by which reduction in membrane fluidity would lead to 
gene activation are not understood. Murata and Los 
(1997) have proposed the relationship between 
membrane fluidity and calcium channel activity at low 
temperature, but so far no such mediator has been 
detected. However, a clear correlation between 
temperature and calcium influx to the cells has been 
demonstrated in Arabidopsis (Nordin-Henriksson, 
personal communication) suggesting that a temperature 
modulated Ca 2+ channel could indeed be involved in the 
temperature sensing. Mechanosensitive calcium 
channels exhibiting temperature dependent modulation 
have been identified in plants and they might be 
involved in low temperature sensing (Ding and Pickard, 
1993). Further evidence for the role of the plasma 
membrane fluidity in cold sensing has come from 
experiments in alfalfa and Brassica (Orvar et al., 2000; 
Sangwan et al., 2001), where chemical agents were used 
to modulate membrane fluidity. Membrane fluidization 
during cold treatment inhibited the induction of cold 
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inducible genes and the development of freezing 
tolerance, whereas membrane rigidification at 25°C 
activated these genes and led to an increased freezing 
tolerance. The effects on gene expression were 
apparently mediated by reorganization of cytoskeleton 
and a following calcium influx. 

Another type of temperature sensor has been 
proposed in cyanobacteria. There is recent evidence for 
the involvement of two-component systems in low 
temperature perception in Synechocystis. Two 
membrane associated histidine sensor kinases were 
recently identified whose inactivation was shown to 
result in a reduction of transcription of several low 
temperature inducible genes (Suzuki et al., 2000). 
Whether this type of sensor is operational also in plants 
remains to be determined. 

The transduction of the signal generated by calcium 
influx is apparently transmitted through phosphorylation 
and dephosphorylation of proteins by kinases and 
phosphatases, respectively. Inhibitors of protein kinases 
can block induction of some low temperature responsive 
genes and development of freezing tolerance both in 
alfalfa and Arabidopsis (Tahtiharju et al., 1997). 
Moreover, freezing tolerance is induced at 25°C by a 
protein phosphatase inhibitor (Monroy et al., 1993). The 
presence of low temperature induced calcium-dependent 
protein kinases (CDPKs) in Arabidopsis (Tahtihaiju et 
al., 1997) and alfalfa (Monroy and Dhindsa 1995), and 
the fact that their inhibition prevents cold acclimation 
(Monroy et al., 1993) supports the connection between 
changes in cytosolic calcium levels and protein 
phosphorylation. Specific CDPKs have also been 
connected to the regulation of gene expression in 
response to ABA, drought, cold and salinity (Sheen 
1996). In addition to CDPKs, several other protein 
kinases have been proposed to play a role in cold signal 
transduction. Evidence supports the involvement of a 
mitogen-activated protein (MAP) kinase cascade in low 
temperature signal transduction. 

How do these signals lead to activation of the low 
temperature responsive genes? We originally suggested 
the identity of a low temperature responsive element 
(LTRE) in the LTI78 promoter (Nordin et al., 1993). The 
presence of this element was subsequently demonstrated 
by deletion analysis and it was shown that the 9-bp 
element, TACCGACAT, confers responsiveness to low 
temperature, drought and high salinity, but not to ABA 
(Yamaguchi-Shinozaki and Shinozaki 1994). This low- 
temperature and dehydration-responsive element 
(LTRE/DRE) occurs also in several other promoters and 
has also been referred to as the C-repeat (CRT) (Baker 
et al., 1994). A small family of proteins called CBF1, 
CBF2 and CBF3 (CRT binding factor) or DREB1B, 
DREB1C and DREB1A (DRE-binding protein), 
respectively, activate the expression of genes carrying 
the DRE/CRT/LTRE element (Stockinger et al., 1997; 


Liu et al., 1998; Gilmour et al., 1998; Shinwari et al., 
1998). Overexpression of CBF1/DREB1B or 
CBF3/DREB1A leads to the constitutive expression of 
genes with promoters containing the DRE/CRT/LTRE 
element and to improved freezing, drought and salt 
tolerance of non-acclimated plants (Jaglo-Ottosen et al., 
1998; Kasuga et al., 1999). In addition, the 
overexpression of CBF3 leads to elevated levels of 
proline and sugars that are normally associated with 
cold acclimation (Gilmour et al., 2000). In conclusion, 
the DRE-containing CBF/DREB controlled genes 
constitute a low temperature responsive regulon that is 
ABA independent. 

However, low temperature responsive genes without 
this cis-acting DRE/CRT/LTRE element in their 
promoters do exist, e.g. the Arabidopsis LTI6/RCI2A 
gene (Nylander et al., 2001a), indicating that also other 
elements confer cold responsiveness. Furthermore, most 
of the low temperature responsive genes are also 
induced by exogenous ABA. Consequently, their 
promoters should contain cA-elements mediating this 
response. Indeed, sequences closely resembling ABA 
response elements (ABREs) exist in these promoters. 
The ABREs have been shown to confer ABA-regulated 
expression of many genes when present in more that 
one copy (Guiltinan et al., 1990; Leung and Giraudat 
1998). The consensus sequence in ABREs is the motif 
(C/T)ACGTGGC. 

Several proteins that can specifically bind to ABREs 
have been reported (e.g. Guiltinan et al., 1990). They 
contain the basic domain/leucine zipper (bZIP) motif 
found in many transcription factors. Two bZIP proteins 
that bind specifically to the ABRE elements required in 
the dehydration and ABA induction of the Arabidopsis 
RD29B(LTI65) gene were recently characterized (Uno 
et al., 2000). These genes, encoding AREB1 and 
AREB2 (ABA-responsive element binding protein) are 
drought, salt and ABA responsive. The AREB proteins 
can function as transcription factors, and they need 
ABA for their activation. In another study a small 
family of ABRE binding factors (ABFs) was 
characterized, also from Arabidopsis (Choi et al., 2000). 
One of these ABF proteins corresponds to AREB2 and 
the others are highly homologous to AREBs. ABFs 
respond differently to various environmental stresses 
including low temperature, suggesting that they act in 
different stress-responsive pathways. Further studies of 
the putative role of ABF1 in activating low temperature 
induced genes whose promoters contain ABREs will 
bring interesting knowledge about the role of ABA in 
cold acclimation. 

The ABA-mediated signal pathway leading to 
expression of low temperature induced genes appears to 
encompass similar second messengers and signal 
components as described above for the ABA- 
independent pathway. The initial steps of temperature 
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sensing might be shared by both pathways, although this 
needs to be demonstrated. Perception of the low 
temperature stimulus leads to a transient increase in 
ABA (Lang et al., 1994), which in turn triggers 
downstream events leading to target gene expression. 
Calcium is apparently used as a second messenger also 
downstream of ABA through cADPR controlled release 
from intracellular stores (Mpller and Chua 1999). Both 
protein kinases and phosphatases have been implicated 
in these events by biochemical and molecular (Mpller 
and Chua 1999; Sheen 1996) as well as genetic studies 
using ABA-insensitive mutants (Nordin et al., 1993; 
Lang and Palva, 1992). The latter studies showed that 
ABA induced expression of several cold responsive 
target genes was blocked in dominant negative abil 
phosphatase 2C mutants (Nordin et al., 1993; Lang and 
Palva, 1992). Furthermore, these mutants were impaired 
in their freezing tolerance development (Mantyla et al., 
1995). Our recent studies have underlined the 
importance of protein phosphatases in cold acclimation. 
Antisense inhibition of the gene for protein phosphatase 
2CA (PP2CA) was shown to accelerate the cold 
acclimation response and sensitize the cell to ABA 
(Tahtiharju and Palva, 2001). This suggests that PP2CA 
is a repressor of the ABA-mediated low temperature¬ 
signaling pathway. 

Regulon engineering of freezing tolerance 

As discussed above some success in improving plant 
freezing tolerance has been achieved by overexpression 
of target genes and metabolic engineering of 
osmoprotectants biosynthesis. A completely different 
strategy to enhance plant stress tolerance involves 
manipulation of the signal transduction pathways leading 
to activation of stress responsive genes. Expression of a 
big cluster of genes controlled by the same regulatory 
pathway is expected to have greater effect on freezing 
tolerance than expression of an individual gene. Such 
regulon engineering was recently achieved (Jaglo- 
Ottosen et al., 1998; Kasuga et al., 1999) by 
overexpression of the CBF/DREB transcriptional 
activator. This overexpression activated several cold- 
responsive genes and, more importantly, increased the 
freezing tolerance of nonacclimated Arabidopsis plants. 
Thus, a low temperature response was obtained without 
low temperature stimulus. Although the approach was 
used to modulate freezing tolerance in a plant fully 
capable of cold acclimation, it might be also extended to 
plants normally sensitive to freezing. 

Other signal components can be also used for this 
type of approach. As discussed above antisense 
inhibition of the gene for a repressor, PP2CA of the 
ABA-mediated low temperature-signal pathway leads to 
an accelerated cold acclimation response in 


Arabidopsis. A similar strategy could be used to 
enhance cold acclimation in crop plants. 

Many plants have the genetic potential for low 
temperature and desiccation tolerance, as indicated by 
the ability of seeds to survive these stresses. The genes 
responsible for this tolerance are normally under strict 
developmental control and expressed only during 
embryo maturation. However, ectopic expression of 
seed-specific genes may confer to vegetative tissues the 
ability to accumulate seed-specific transcripts and 
influence responses in vegetative tissues, as shown by 
ectopic expression of the ABI3 gene in Arabidopsis 
(Parcy and Giraudat, 1997). We could recently 
demonstrate that such ABI3 transgenic Arabidopsis 
plants exhibited enhanced freezing tolerance (Tamminen 
et al., 2001). Both the low temperature and ABA 
induced development of freezing tolerance was clearly 
improved in these plants. 


Conclusions 

Recent years have evidenced tremendous progress in 
plant cold acclimation research. Although the biological 
processes leading to cold acclimation and the 
mechanisms of freezing tolerance are only partially 
understood, several key components of cold acclimation 
have been recently identified. In particular, elucidation 
of the signal transduction pathways and identification of 
the regulators required for expression of the cold 
responsive genes has progressed rapidly. These studies 
have already opened new avenues to improve freezing 
and drought stress tolerance in crop plants. 
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Abstract 


We successfully cloned and sequenced a full-length cDNA (LeHSP23.8: accession number AB017134) encoding the precursor of the 
mitochondria-located small heat shock protein (MT-sHSP) from tomato ( Lycopersicon esculentum Mill.). The deduced protein precursor 
with a calculated molecular weight of 23.8 kDa was predicted to target mitochondria. A single copy of LeHSP23.8 was found in tomato 
genomic DNA by southern-blot analysis. Northern-blot analysis revealed the heat-inducible character of LeHSP23.8 mRNA. The 
LeHSP23.8 mRNA was hardly detectable at 36°C but accumulated abundantly at 40°C in tomato leaves. Among the MT-, ER-, Class I- 
and Class II-sHSP genes, MT-sHSP mRNA responded most quickly at 40°C in tomato flowers. In flowers on the flowering day, sHSP 
genes (MT- and ER-) were expressed specifically in the female organs when the plants were incubated under the heat stress. 

The molecular chaperone function of LeHSP23.8 was confirmed in vitro. The recombinant LeHSP23.8 was able to enhance the 
renaturation of chemically denatured citrate synthase. Moreover, the recombinant LeHSP23.8 protected citrate synthase from thermal 
inactivation and also promoted the renaturation of thermally inactivated citrate synthase. Partially purified mitochondria fraction from 
MT-sHSP transgenic tobacco showed much higher Cytochrome C oxidase activity than the control under higher temperatures. 

Protein analysis by western blotting showed that expression of MT-sHSP occurred in leaves, flowers and pollen of transgenic tobacco 
lines (MT-a, MT-d, MT-e) at 28°C but could not be detected in these organs in the control plant (pBI). However, MT-sHSP was induced 
under heat stress (37°C) in pBI leaves. Although we could not detect MT-sHSP in pollen of pBI at 37°C, it was overexpressed in pollen of 
MT-a. We observed in vitro pollen germination and comparatively low pollen bursting at 45°C in MT-sHSP transgenic lines, indicating a 
possible role of MT-sHSP in plant reproduction. We are also trying to analyze the in vivo function of MT-sHSP. 

Key words: heat-stress; mitochondria; molecular chaperone; pollen germination; small HSP 


Introduction 

Heat stress is one of the most important constraints 
on crop production. Plants respond to heat stress by 
changing their metabolic pathways so as to acclimatize 
to high temperature. Under heat stress, synthesis of most 
proteins is repressed and some proteins, which are 
called heat shock proteins (HSPs), start to be 
synthesized. In plant species adapted to temperate 
environments, 20 to 40 different HSPs, which are 
divided into several classes, are induced under heat 


stress (Vierling 1991). Some low molecular weight (15- 
30 kDa) HSPs, so-called small heat shock proteins 
(sHSPs), are also expressed in plants. The sHSPs are 
classified into five classes in accordance with their 
molecular phylogeny and localization in the cell. 
Cytosolic I and cytosolic II sHSPs are found in the 
cytoplasm. The other three classes are found in the 
chloroplast, mitochondria and endoplasmic reticulum. 
Most of the sHSPs are believed to help the plants to 
adapt under stress conditions. During heat stress, some 
plants can acclimate to high temperature and 
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Tel.: +81-9808-8-6202; Fax: +81-9808-8-6204 


- 17 - 



Marika Shono / JIRCAS Working Report (2002) 17-23 


accumulate sHSPs up to 1% of total soluble proteins 
(Hsieh et al. 1992). Accumulation of sHSPs has been 
reported in endoplasmic reticulum under low 
temperature (Ukaji et al. 1999) and in chloroplast during 
oxidative stress (Hamdahl et al. 1999). The sHSPs have 
also been detected in plant organs such as maturing 
pollen grains, developing embryos (Wehmeyer et al. 
1996), growing fruits (Sabehat et al. 1996) and 
germinating seeds (Arranco et al. 1997). 

Experimental results over a period of 20 years have 
shown that almost all the high molecular weight HSPs 
act as molecular chaperones in vitro and in vivo 
(Vierling 1991). Molecular chaperones are able to help 
the newly synthesized peptides to fold into a correct 
configuration, prevent protein from denaturation at high 
temperature, help denatured proteins to recover their 
original active configuration and facilitate the passage 
of signal peptide-processed proteins through cell 
compartment membranes. Recently, some important 
experiments also have proved the chaperone activities 
of sHSPs. Cytosolic I and II sHSPs were found to 
exhibit an ATP-independent molecular chaperone 
function in vitro (Lee et al. 1995, Yeh et al. 1995, 
Collade et al. 1997, Helm et al. 1997). In addition, the 
Arabidopsis cell, transformed by the rice cytosolic I 
sHSP gene, showed a more efficient ability to prevent 
luciferase from thermo-denaturation and to accelerate 
the renaturation of denatured luciferase in vivo 
(Forreiter et al. 1997). These results suggested that 
cytosolic I sHSPs also exhibit a molecular chaperone 
activity in vivo and can contribute to the heat tolerance 
of plants. 

As an important organelle in plant cells, 
mitochondria perform many essential functions. The 
structural breakdown and any abnormality of the 
metabolic activities of the mitochondria at high 
temperature affect cell viability. Therefore, the 
capability of mitochondria to tolerate heat has a great 
impact on the whole cell activity and survival. Since 
heat-stressed plants accumulate much more MT-sHSPs 
than HSP60 and HSP70 (Vierling 1991, Lenne and 
Douce 1994, Lund et al. 1998) and the accumulation of 
MT-sHSPs is synchronized with the enhancement of the 
heat tolerance of plant mitochondria (Chou et al. 1989), 
it is suggested that MT-sHSPs play a major role in the 
heat tolerance of plant mitochondria. However, still 
little is known about the cellular functions of MT-sHSP 
in heat tolerance of plants. 

We aimed to clone mitochondrial sHSP cDNA from 
tomato leaves, evaluate the transcription of the 
mitochondria-sHSP gene at various temperatures and 
assay the molecular chaperone activity of mitochondria- 
sHSPs in vitro. We are also analyzing the function of 
MT-sHSP in vivo, especially in reproductive organs. 


Results and Discussion 


Cloning and expression analysis of LeHSP23.8 gene 

Poly (A) + RNA was purified from tomato leaves 
treated at 40°C for 6 h. A cDNA library was constructed 
with ZAP-cDNA/Gigapack Cloning Kit (Stratagene). 
PCR-amplified fragment, which encoded the tomato 
MT-sHSP gene conserved region, was used as a probe. 
The longest clone, with an insert of about 0.8-kb, was 
sequenced and designated LeHSP23.8. Its DDBJ 
accession number is AB017134. The complete 
nucleotide sequence of LeHSP23.8 and the amino acid 
sequence translated for the open reading frame (ORF) 
are shown in Fig.l. The whole sequence of the 
LeHSP23.8 gene is 827 nucleotides. The ORF of 
LeHSP23.8 begins with ATG at the 50th base and ends 


GAAGCTTTAC TCAATCGGCA AGTTATTCA5 AATCTTT7GG TATCAjAMT 50 

M_ 

GGCAACTCTT GCTCTAAGGA GGGCCACCGC CTCATCACTA TTCAACAGGC 100 
ATL ALRR ATA SSL F N R L 

TCGTCAATCC TCTTCGTTCT GCATCTCCTT TCCGTTCATT CAATACTAAC 150 
V N P VRS A S A F RS F N T N 
ACTCAGATGA CAGCTTATGA CCAGGATGAT CGTGGCGTTG ATGTTCACCG 200 
TQMT AYD QDD RGVD VDR 

CCGGTCCGAT CGATCCGTCT CTCGCCGTGA TCCTTTTCCT AGTTTATTCT 250 
RSD RSVS RRD AFP SLFS 

CAGATGTATT TCATCCATTT TCACCACCAA TTAGGAGCGT GAGCCAATTG 300 
DVF DPF SPPI RSV SQL 

CTGAACATGA TGGATCAAAT GATGGATTCT CCATTCGTA5 CTGCACCGCG 350 
LNMM DQM MDS PFVA APR 

TGCAATCGGC GCCGGAGTTG GAGCAAGAAG ASGATGGGAT GTAAAGGAGG 400 
AMG A G V G ARR GWD VKED 

ACGATAACGC TCTGTATATA AAAATGGACA TCCCTGGACT CGATAAGGAG 450 
DNA LYI KMDM PGL DKE 

AATGTGAAGG TGGCGGTGGA GGAGAACACG CTGATAATCA AAGGAGAAGG 500 
NVKV AVE ENT LIIK GEG 

CGAGAAAGAG TCGGAGAATG AA5A5TATA5 AAGGAGGTAC TCTACCAGAC 550 
EKE SENE EYR RRY STRL 

TGGAAATTCC TCAAAATATC TACAAATTGG ATGGAATCAA GGCGGAGATG 600 
EIP QNI YKLD GIK A E M 

AAGAATCGAG TCTTCAAAGT AGCTGTTCCA AAQGTCAAGC AAGAAGAAAG 650 
KNGV LKV A V P KVKQ EER 

GAAGGATGTT TTCGATGTTA AAATTGAGTG AMGCTTTTA AGCTTTGCCA 700 
KDV FDVK IE. 

AGIIIGIGCA ACAATTGAGT GTTGATGTTA TTAACII III CAACTTTTTA 750 


GTTCTTAGAT AGGTTCTTCT GGAAAATAAA AGATTATGTG CTAAAAATTG 800 

GAATTCTGAT TCTAAGAGTT TGTTC 825 

Fig. 1. Nucleotide sequence of LeHSP23.8 cDNA and deduced 
amino acid sequence of LeHSP23.8. A putative pre-sequence 
targeting of protein LeHSP23.8 into mitochondria is underlined. 
The nucleotide sequence reported here appeared in the Genbank, 
EMBL and DDBJ Nucleotide Sequence Databases under the 
accession number AB017134. 
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with TGA at the 680th base. Since the length of the 
LeHSP23.8 cDNA agreed well with the estimated size 
of the mRNA (see Fig. 3), the clone LeHSP23.8 cDNA 
was considered to be a complete sequence. The deduced 
molecular weight of the precursor protein was 23.8 kDa. 
By using on-line PSORT software, designed according 
to the method reported by Gavel and Heijine (1990), the 
probable subcellular compartmentation of LeHSP23.8 
protein was predicted. A putative pre-sequence targeting 
of protein LeHSP23.8 into mitochondria was detected 
by PSORT. The pre-sequence consisted of 31 N- 
terminal amino acids of the LeHSP23.8 protein. 

The amino acid sequence alignment between the 
LeHSP23.8 protein and other reported MT-sHSP 
proteins showed two consensus blocks, both of which 
were located at the C-terminus of proteins and 
represented the basic character of the MT-sHSP family 
(Fig. 2). Another amino acid sequence alignment 
between the LeHSP23.8 protein and the three sHSPs of 
tomato (Cytosolic-I, Cytosolic-II and chloroplast-sHSP) 
revealed that two typical motifs of sHSPs, P—GVL— 
and PGL—E—, are present in the consensus blocks 
(data not shown). These two motifs widely occur in 


r.erctiMii fKtRWFSH I-PLVRAWI LLAASS-6SA1RPAAYA GGWGYRA6A « 

Z.mjys K TYAatRA V-PLVRALEK LIAASUKT GSAIRPVAVA G6LKGYHTGA 49 

L erculaitut IA 1A-U1RA TASSLFRRFV NPVRSASAF- -RSFIfTWTTJM TA'lUQODRGV 47 

C.r&nu, KMA-LRRl ASRRLVS-S 6DRPLSVS -RSFR1HAQN OtWH-DHEL 44 

P glauca tOYASAASt VWESV3PAW KCLIPSGRQ- -GDSSAS/WC RSLSTAAAKY 48 

f ma K iSLUKRF LSSSILSRS- -LLRPAASAS MtSFDFRAMt QYRMRAOOHS 48 

P.sirtiv*M IA SLAFKRF LSSGILSSS- -FLRPVASSA SRSFRIRAMt QYDQHSOORM 48 

A. Otaliana ft ALAUCRL LSSSUPRS* SYIRPAYSS -RLFUIRAVR SYDODGaCD 48 


T. oeitrvu. PLRSYDRDEA YFDTRR--YA RE--RDIGVP SFFSDVFRDP FSAPQSLGRL 91 

Z mys PLRRYFGAES EDOSVREYDG RHGffiDYAYP SLFSDURDP LSAPHS1ERL 99 



Fig. 2. Alignment of LeHSP23.8 with reported MT-sHSP amino 
acid sequences. The boxes indicate the consensus amino acid 
residues in the sequences. 


sHSPs from various organisms (Waters et al. 1996). 

Southern-blot analysis revealed the existence of a 
distinct LeHSP23.8 gene in the tomato genome. The 
genomic DNA blots probed with LeHSP23.8 showed 
that only one band was detected on each lane (data not 
shown). The signals of southern blots suggested that 
only a single copy of the LeHSP23.8 gene occurs in 
tomato genomic DNA. 

Heat induction of MT-sHSP mRNA in leaves was 
confirmed by northern-blot analysis. The threshold 
temperature was around 36°C (Fig. 3). Expression of 


• -800 nt 


1 2 3 4 5 

Fig. 3. Northern-blot analysis of temperature-dependent 
LeHSP23.8 mRNA accumulation. Lane 1: tomato plant grown at 
25°C (control), lanes 2-5: tomato plants treated at 28°C, 32°C, 
36°C and 40°C for 2 h, respectively. 


MT-sHSP mRNA in flowers was compared with other 
sHSPs (Class I-, Class II-, ER-). Although all the 
investigated sHSPs' mRNA were expressed at 40°C, the 
peak of MT-sHSP gene expression was the earliest (Fig. 
4). The MT-sHSP mRNA showed a very sensitive 
response to change of temperature. This fact suggests 
the presence of sensitive heat sensor(s) and systems of 
feedback regulation for MT-sHSP in the tomato cells. 

Flowers on the flowering day were subjected to the 
in situ hybridization analysis. The plants were incubated 
in the growth chamber at 32°C or 40°C, for the detection 
of MT- and ER-sHSP mRNA, respectively. On the day 
of flowering, sHSP genes were not expressed in pollen, 
but were expressed specifically in the female organs 
(type MT in stigma and ovule, and type ER in ovule, 
respectively) (data not shown). No expression of MT- 
and ER-sHSP genes in pollen suggested one of the 
reasons why the male organ is more sensitive to heat 
stress than female organs. 
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Fig. 4. Northern-blot analysis of heat-induced sHSP genes in 
tomato flower. Tomato plants grown in the greenhouse were 
transferred to the growth chamber on the day of flowering, then 
incubated at 25°C or 40°C. The flowers were collected 0 min to 
48 hr after the incubation. Panel MT, ER, Class I, Class II shows 
the expression of the genes for MT-, ER-, Class I- and Class II- 
sHSP, respectively. 


Characterization of the molecular chaperone activity of 
tomato LeHSP23.8 in vitro 

The recombinant LeHSP23.8 and citrate synthase 
(CS) were used for the in vitro assay of the molecular 
chaperone activity of LeHSP23.8 according to a 
standard experimental procedure (Lee, 1995). A very 
high level of activity of molecular chaperone was 
observed with LeHSP23.8. When the recombinant 
LeHSP23.8 was mixed with CS denatured by guanidine 
hydrochloride, the activity of CS was recovered 
gradually. After 60 min of incubation, 40% of the native 
CS activity was recovered. This value was two times 
higher than that of the control experiment in which 
LeHSP23.8 was replaced by lysozyme (Fig. 5A). In 
another experiment, recombinant LeHSP23.8 protected 
CS from thermal inactivation and also promoted the 
renaturation of thermally inactivated CS. The loss of CS 
activity was relatively slow when CS was incubated 
with recombinant LeHSP23.8 at 38°C. After 60 min 
incubation at 38°C, the remaining activity of CS was 
39%, which was two times that for the control 
experiment with lysozyme. Furthermore, when the 
incubation temperature was shifted to 22°C, a rapid 
renaturation of thermal-denatured CS was observed 
within 10 min, and 90% of CS activity was recovered 
(Fig. 5B). The molecular chaperone efficiency of 
recombinant LeHSP23.8 protein in promoting the 
renaturation of thermally denatured CS was higher than 
that in promoting the renaturation of chemically 
denatured CS. These results were consistent with the 



Fig. 5. (A) Effect of LeHSP23.8 protein on the renaturation of 
chemically denatured citrate synthase (CS). CS (15 (iM) was 
denatured in 6 M guanidine hydrochloride for 120 min and then 
diluted 100-fold into a solution supplemented with 150 nM 
lysozyme (+) or with 1.8 mM recombinant LeHSP23.8 (g). (B) 
Effect of recombinant LeHSP23.8 on the thermal inactivation of 
CS. CS (150 nM) was incubated in the presence of 150 nM 
lysozyme (+) or 1.8 pM recombinant LeHSP23.8 (g) at 38°C 
for 60 min and then at 22°C. 

observations made by Ehrnsperger et al. (1997). It is 
suggested that sHSPs can prevent the irreversible 
aggregation of CS units due to thermal treatment, but 
sHSP does not play an important role in the renaturation 
of the denatured protein because sHSPs only provide 
unspecific intermediate surfaces for substrate proteins 
(Ehrnsperger et al. 1997). 

Partially purified mitochondria fraction from MT- 
sHSP transgenic tobacco and endogenous Cytochrome 
C oxidase were also used for another in vitro assay. The 
mitochondria fraction from MT-sHSP transgenic 
tobacco showed much higher Cytochrome C oxidase 
activity than mitochondria fraction from control tobacco 
under higher temperatures. 

Heat-stress response of MT-sHSP in transgenic tobacco 

Successful pollination and fertilization are absolute 
requirements for sexual reproduction in higher plants 
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(Wolters-Arts et al. 1998). Heat stress affects plant 
reproduction by affecting pollen fertility (Weever et al. 
1985, Suzuki et al. 1999) and viability (Weever and 
Timm 1989, Shivana and Cresti 1989, Shivana et al. 
1991). The effect of high temperature on pollen 
response has been reported in connection with the 
synthesis of heat shock proteins (Xio and Mascarenhas 
1985, Frova et al. 1987, Herpen et al. 1988, Frankis and 
Grayson 1990). However, there is no report about the 
role of Mt-sHSP in pollen germination. 

Western blotting analysis of leaf proteins showed a 
distinct protein band of MT-sHSP of 23 kDa molecular 
size in LeHSP23.8 transgenic lines MT-a, MT-d and 
MT-e but the band could not be detected in non- 
transgenic cultivar SRI and vector transgenic pBI 
grown under favorable growth conditions (28/22°C, 
day/night). However, exposure of pBI tobacco to 32°C 
and 37°C for 48 hr induced MT-sHSP production. Much 
more expression of MT-sHSP was observed at 37°C 
(Fig. 6). 

MT-sHSP was also expressed in both flowers and 
pollen of transgenic lines MT-a and MT-d at 28°C but 
could not be detected in pBI. The heat stress of 37°C for 
48 hr was unable to induce MT-sHSP in pollen grains of 
pBI, which was overexpressed in the transgenic lines 
(Fig. 7), indicating a possible role of MT-sHSP in heat 
tolerance during plant reproduction. We confirmed this 
observation by testing pollen viability under in vitro and 
in vivo heat-stress conditions. 

Tobacco flowers were collected from the plants 
cultivated in a greenhouse (28/22°C, day/night) and then 
treated to heat stress. Treatment of isolated flowers for 
one hour at 45°C did not affect in vitro pollen 



Fig. 6. Heat induction of MT-sHSP in transgenic tobacco leaves 
was analyzed by western blotting. Lanes 1-5 were protein 
analysis in leaves collected from the greenhouse (28/22°C 
day/night temperature and natural sunlight). Plants of pBI and 
MT-a were treated at 25/25(Tl), 32/25(T2) and 37/25(T3)C, 
day/night temperature with 14/10-hr day/night cycle for 48 hr. 


germination both in MT-a and pBI at 25°C. Pollen 
germination was completely inhibited at 40°C and 45 °C 
in pBI, although pollen from MT-a flowers showed 
some germinability (Table 1). 


T1 T1 T3 T3 MW 
pBI MT pBI MT marker 
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Fig. 7. Heat induction of MT-sHSP in transgenic tobacco pollen 
was analyzed by western blotting. Plants of pBI and MT-a were 
treated at 25/25(Tl) or 37/25(T3)°C, day/night temperature with 
14/10-hr day/night cycle for 48 hr. 


Table 1 

Effect of incubation temperature on pollen germination (PG, %), 
bursting (PB, %) and tube length (PTL, pm) in transgenic 
tobacco. The pollen samples were collected from heat-treated 
flowers for one hour at different temperatures. In the treatment 
column, the first figure indicates flower treatment temperature 
and the second figure denotes the incubation temperature 


Plant type 


Treatment (°C) 


25-25 

45-25 

40-45 

45-45 

pBI PG 

83.2 

83.5 

0.0 

0.0 

PB 

3.4 

7.3 

39.7 

89.9 

PTL 

718.1 

269.3 

0.0 

0.0 

MT-a PG 

91.9 

86.9 

4.0 

2.4 

PB 

5.0 

4.4 

31.5 

83.5 

PTL 

652.8 

338.6 

18.5 

30.6 
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We are also trying to analyze the in vivo function of 
MT-sHSP. Further studies exclusively on mitochondrial 
respiration and respiratory enzymes of transgenic 
tobacco flowers will be helpful for a better 
understanding of the role of MT-sHSP in plant sexual 
reproduction. The studies need to be extended to other 
commercial crops. 

Summary 

1. Full-length cDNA of mitochondria-located small heat 
shock protein (LeHSP23.8: accession number 
ABO 17134) was cloned from tomato (Lycopersicon 
esculentum Mill.). The deduced protein precursor 
with a calculated molecular weight of 23.8 kDa was 
predicted to target mitochondria. 

2. MT-sHSP gene was the quickest responding gene 
among the sHSPs in flower. This finding suggests 
that mitochondria should be the most sensitive 
organelle to heat stress. 

3. MT-sHSP showed the molecular chaperone activity in 
vitro. The recombinant LeHSP23.8 was able to protect 
citrate synthase from thermal inactivation and promoted 
the renaturation of thermally or chemically denatured 
citrate synthase. Overexpression of MT-sHSP in 
mitochondria made some enzymes there heat tolerant. 

4. Both MT- and ER-sHSP were not expressed in pollen 
but in female organs under the heat stressed conditions. 
In vitro pollen germination was completely inhibited at 
40°C and 45°C in control tobacco, although pollen 
germination of MT-sHSP overexpressed flowers was 
observed. Expression of MT-sHSP in pollen made 
pollen more tolerant to heat stress. 

5. We plan to confirm the contribution of MT-sHSP to 
heat tolerance by in vivo experiments. 
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Abstract 


Salinity stress negatively impacts agricultural yield throughout the world affecting production whether it is for subsistence or 
economic gain. The plant response to salinity consists of numerous processes that must function in coordination to alleviate both cellular 
hyperosmolarity and ion disequilibrium. In addition, crop plants must be capable of satisfactory biomass production in a saline 
environment (yield stability). Tolerance and yield stability are complex genetic traits that are difficult to establish in crops since salt 
stress may occur as a catastrophic episode, be imposed continuously or intermittently, or become gradually more severe, and at any stage 
during development. However, cell biology and molecular genetics research is providing new insight into the plant response to salinity 
and is identifying genetic determinants that effect salt tolerance. Recent confirmation that many salt tolerance determinants are 
ubiquitous in plants has led to the use of genetic models, like Arabidopsis thaliana, to further dissect the plant salt stress response. Since 
many of the most fundamental salt tolerance determinants are those that mediate cellular ion homeostasis, this review will focus primarily 
on the functional essentiality of ion homeostasis mechanisms in plant salt tolerance. The transport systems that facilitate cellular capacity 
to utilize Na + for osmotic adjustment and growth and the role of the Salt-Overly-Sensitive (SOS) signal transduction pathway in the 
regulation of ion homeostasis and salt tolerance will be particularly emphasized. A perspective will be presented that integrates cellular 
based stress signaling and ion homeostasis mechanisms into a functional paradigm for whole plants and defines biotechnology strategies 
for enhancing salt tolerance of crops. 

Keywords: Salt adaptation, ion homeostasis, transport determinants, stress singnaling 


Introduction 

Soil salinity is a major constraint to food production 
because it limits crop yield and restricts use of land 
previously uncultivated. The United Nations 
Environment Program estimates that approximately 
20% of agricultural land and 50% of cropland in the 
world is salt-stressed (Flowers and Yeo, 1995). Natural 
boundaries imposed by soil salinity also limit the caloric 
and the nutritional potential of agricultural production. 
These constraints are most acute in areas of the world 
where food distribution is problematic because of 
insufficient infrastructure or political instability. Water 
and soil management practices have facilitated 
agricultural production on soils marginalized by salinity 
but additional gain by these approaches seems 
problematic. On the horizon are crop improvement 
strategies that are based on the use of molecular marker 
techniques and biotechnology, and can be used in 


conjunction with traditional breeding efforts (Ribaut and 
Hoisington, 1998). DNA markers should enhance the 
recovery rate of the isogenic recurrent genome after 
hybridisation and facilitate the introgression of 
quantitative trait loci necessary to increase stress 
tolerance. Molecular marker techniques were used 
successfully to transfer alleles of interest from wild 
relatives into commercial cultivars (Tanksley and 
McCouch, 1997). 

The basic resources for biotechnology are genetic 
determinants of salt tolerance and yield stability. 
Implementation of biotechnology strategies to achieve 
this goal requires that substantial research effort be 
focused to on identify salt tolerance effectors and the 
regulatory components that control these during the 
stress episode (Hasegawa et al., 2000b). Further 
knowledge obtained about these stress tolerance 
determinants will be additional resource information for 
the dissection of the plant response to salinity, which 
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will reveal how plants sense salt stress, transduce 
signals to mediate a defensive response and define the 
signal pathway outputs or effectors that accomplish the 
processes required for stress survival and alleviation, 
and steady-state growth in the saline environment. 
Molecular genetic and plant transformation advances 
have made it feasible to assess biotechnological 
strategies based on activated signal cascades, 
engineered biosynthetic pathways, targeted gene or 
protein expression or alteration of the natural stress 
responsiveness of genes for development of salt tolerant 
crops (Hasegawa et al., 2000b; Zhu, 2001). 

The molecular identities of key ion transport systems 
that are fundamental to plant salt tolerance are now 
known (Hasegawa et al., 2000b). More recently, the 
SOS salt stress signalling pathway was determined to 
have a pivotal regulatory function in salt tolerance, 
fundamental of which is the control of ion homeostasis 
(Hasegawa et al., 2000b; Sanders, 2000; Zhu, 2000). 
This review will summarize research on plant ion 
homeostasis in saline environments and present a model 
that integrates current understanding of salt stress 
sensing, which leads to the activation of the SOS 
pathway and the regulation of ion transport systems that 
facilitate ion homeostasis. 


Genetic Diversity for Salt Tolerance in Plants 

The extensive genetic diversity for salt tolerance that 
exists in plant taxa is distributed over numerous genera 
(Flowers et al., 1986; Greenway and Munns, 1980). 
Most crops are salt sensitive or hypersensitive plants 
(glycophytes) in contrast to halophytes, which are native 
flora of saline environments. Some halophytes have the 
capacity to accommodate extreme salinity because of 
very special anatomical and morphological adaptations 
or avoidance mechanisms (Flowers et al., 1986). 
However, these are rather unique characteristics for 
which the genes are not likely to be introgressed easily 
into crop plants. 

Research of recent decades has established that most 
halophytes and glycophytes tolerate salinity by rather 
similar strategies often using analogous tactical 
processes (Hasegawa et al., 2000b). The cytotoxic ions 
in saline environments, typically Na + and Cl', are 
compartmentalized into the vacuole and used as osmotic 
solutes (Blumwald et al., 2000; Niu et al., 1995). It 
follows then that many of the molecular entities that 
mediate ion homeostasis and salt stress signaling are 
similar in all plants (Hasegawa et al., 2000b). In the 
fact, the paradigm for ion homeostasis that facilitates 
plant salt tolerance resembles that described for yeast 
(Bressan et al., 1998; Serrano et al., 1999). The fact that 
cellular ion homeostasis is controlled and effected by 
common molecular entities made it feasible to use of 


model genetic organismal systems for the dissection of 
the plant salt stress response (Bressan et al., 1998; 
Serrano et al., 1999; Hasegawa et al., 2000a; Sanders, 
2000; Zhu, 2000; 2001). Research on the plant genetic 
model Arabidopsis has increased greatly our 
understanding of how cellular salt tolerance 
mechanisms are integrated and coordinated in an 
organismal context, and are linked to essential 
phenological adaptations. Since Arabidopsis is a 
glycophyte, a salt tolerant genetic model will be 
required to delineate if salt tolerance is affected most by 
form or function of genes or more by differences in the 
expression of common genes due either to 
transcriptional or post-transcriptional control 
(Zhu, 2001). 


Cellular Mechanisms of Salt Stress Survival, 
Recovery and Growth 

High salinity causes hyperosmotic stress and ion 
disequilibrium that produce secondary effects or 
pathologies (Hasegawa et al., 2000b; Zhu, 2001). 
Fundamentally, plants cope by either avoiding or 
tolerating salt stress. That is plants are either dormant 
during the salt episode or there must be cellular adjust to 
tolerate the saline environment. Tolerance mechanisms 
can be categorized as those that function to minimize 
osmotic stress or ion disequilibrium or alleviate the 
consequent secondary effects caused by these stresses. 
The chemical potential of the saline solution initially 
establishes a water potential imbalance between the 
apoplast and symplast that leads to turgor decrease, 
which if severe enough can cause growth reduction 
(Bohnert et al., 1995). Growth cessation occurs when 
turgor is reduced below the yield threshold of the cell 
wall. Cellular dehydration begins when the water 
potential difference is greater than can be compensated 
for by turgor loss (Taiz and Zeiger, 1998). 

The cellular response to turgor reduction is osmotic 
adjustment. The cytosolic and organellar machinery of 
glycophytes and halophytes is equivalently Na + and Cl' 
sensitive; so osmotic adjustment is achieved in these 
compartments by accumulation of compatible osmolytes 
and osmoprotectants (Bohnert, 1995; Bohnert and 
Jensen, 1996). However, Na + and Cl' are energetically 
efficient osmolytes for osmotic adjustment and are 
compartmentalized into the vacuole to minimize 
cytotoxicity (Blumwald et al., 2000; Niu et al., 1995). 
Since plant cell growth occurs primarily because of 
directional expansion mediated by an increase in 
vacuolar volume, compartmentalization of Na + and Cl' 
facilitates osmotic adjustment that is essential for 
cellular development. 

Movement of ions into the vacuole might occur 
directly from the apoplast into the vacuole through 
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membrane vesiculation or a cytological process that 
juxtaposes the plasma membrane to the tonoplast 
(Hasegawa et al. 2000b). Then compartmentalization 
could be achieved with minimal or no exposure of the 
cytosol to toxic ions. However, it is not clear presently 
the extent to which processes like these contribute to 
vacuolar ion compartmentalization. The bulk of Na + 
and Cl" movement from the apoplast to the vacuole 
likely is mediated through ion transport systems located 
in the plasma membrane and tonoplast. Presumably, 
tight coordinate regulation of these ion transport 
systems is required in order to control net influx across 
the plasma membrane and vacuolar 
compartmentalization. The SOS signal pathway is a 
pivotal regulator of, at least some, key transport systems 
required for ion homeostasis (Hasegawa et al., 2000a; 
Sanders, 2000; Zhu, 2000). 


Osmolytes and Osmoprotectants 

As indicated previously, salt tolerance requires that 
compatible solutes accumulate in the cytosol and 
organelles where these function in osmotic adjustment 
and osmoprotection (Rhodes and Hanson, 1993). Some 
compatible osmolytes are essential elemental ions, such 
as K\ but the majority are organic solutes. Compatible 
solute accumulation as a response to osmotic stress is an 
ubiquitous process in organisms as diverse as bacteria to 
plants and animals. However, the solutes that 
accumulate vary with the organism and even between 
plant species. A major category of organic osmotic 
solutes consists of simple sugars (mainly fructose and 
glucose), sugar alcohols (glycerol and methylated 
inositols) and complex sugars (trehalose, raffinose and 
fructans) (Bohnert and Jensen, 1996). Others include 
quaternary amino acid derivatives (proline, glycine 
betaine, ^-alanine betaine, proline betaine), tertiary 
amines 1,4,5,6-tetrahydro-2-mehyl-4-carboxyl 
pyrimidine), and sulfonium compounds (choline o- 
sulfate, dimethyl sulfonium propironate) (Nuccio et al., 
1999). Many organic osmolytes are presumed to be 
osmoprotectants, as their levels of accumulation are 
insufficient to facilitate osmotic adjustment. Glycine 
betaine preserves thylakoid and plasma membrane 
integrity after exposure to saline solutions or to freezing 
or high temperatures (Rhodes and Hanson, 1993). 
Furthermore, many of the osmoprotectants enhance 
stress tolerance of plants when expressed as transgene 
products (Bohnert and Jensen, 1996; Zhu, 2001). An 
adaptive biochemical function of osmoprotectants is the 
scavenging of reactive oxygen species that are by¬ 
products of hyperosmotic and ionic stresses and cause 
membrane dysfunction and cell death (Bohnert and 
Jensen. 1996). 

A common feature of compatible solutes is that these 


compounds can accumulate to high levels without 
disturbing intracellular biochemistry (Bohnert and 
Jensen. 1996). Compatible solutes have the capacity to 
persevere the activity of enzymes that are in saline 
solutions. These compounds have minimal affect on pH 
or charge balance of the cytosol or lumenal 
compartments of organelles. The synthesis of 
compatible osmolytes is often achieved by diversion of 
basic intermediary metabolites into unique biochemical 
reactions. Often, stress triggers this metabolic 
diversion. For example, higher plants synthesize 
glycine betaine from choline by two reactions that are 
catalyzed in sequence by choline monooxygenase 
(CMO) and betaine aldehyde dehydrogenase (BADH) 
(Rhodes and Hanson, 1993). Pinitol is synthesized from 
myo-inositol by the sequential catalysis of inositol-o- 
methyltransferase and ononitol epimerase (Bohnert and 
Jensen, 1996). 


Ion Homeostasis - Transport Determinants and 
Their Regulation 

Since NaCl is the principal soil salinity stress, a 
research focus has been the transport systems that are 
involved in utilization of Na + as an osmotic solute 
(Blumwald et al., 2000; Hasegawa et al., 2000b; Niu et 
al., 1995). Research of more than 30 years previously, 
established that intracellular Na + homeostasis and salt 
tolerance are modulated by Ca 2+ and high [Na + ] ext 
negatively affects K + acquisition (Rains and Epstein, 
1967). Na + competes with K + for uptake through 
common transport systems and does this effectively 
since the [Na + ] ext in saline environments is usually 
considerably greater than [K + ] ext Ca 2+ enhances K + /Na + 
selective intracellular accumulation (Maathuis et al., 
1996; Rains and Epstein, 1967). 

Research of the last decade has defined many of the 
molecular entities that mediate Na + and K + homeostasis 
and given insight into the function of Ca 2+ in the 
regulation of these transport systems. Recently, the SOS 
stress-signaling pathway was identified to be a pivotal 
regulator of plant ion homeostasis and salt tolerance 
(Hasegawa et al., 2000b; Sanders, 2000). This signaling 
pathway functionally resembles the yeast calcineurin 
cascade that controls Na + influx and efflux across the 
plasma membrane (Bressan et al., 1998). Expression of 
an activated form of calcineurin in yeast or plants 
enhances salt tolerance further implicating the functional 
similarity between the calcineurin and the SOS pathways 
(Mendoza et al., 1996; Pardo et al., 1998). A diagram of 
the relevant transporters and Ca 2+ -dependent stress 
signaling pathway involved in Na + homeostasis is shown 
in Figure 1. Little is known about the mechanistic 
entities that are responsible for Cl transport or the 
regulation of Cl’ homeostasis (Hedrich, 1994). 
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Salt Stress Signaling that Mediates Na + Homeostasis 



mediates Na + homeostasis and salt tolerance. 

SOS1, plasma membrane Na + /H + antiporter; SOS2, 
serine/threonine kinase; SOS3, Ca 2+ binding protein; AHA, 
plasma membrane H + -ATPase; ACA, plasma/tonoplast membrane 
Ca 2+ -ATPase; KUP1/TRH1, high-affinity K + -H + co-transporter; 
AKT1, K + ta channel; NSCC, non selective cation channel; CAX1 
or 2, Ca 2+ /H + antiporter; NHX1, 2 or 5, endomembrane Na + /H + 
antiporter; red - positive regulation, blue - negative regulation, 
yellow - protein activation 


Ion Transport Systems that Mediate Na + Homeostasis 

H + -Pumps. H + pumps in the plasma membrane and 
tonoplast energize solute transport necessary to 
compartmentalize cytotoxic ions away from the 
cytoplasm and to facilitate the function of ions as signal 
determinants (Maeshima, 2000; Maeshima, 2001; 
Morsomme and Boutry, 2000; Ratajczak, 2000). That is 
these pumps provide the driving force (H + 
electrochemical potential) for secondary active transport 
and function to establish membrane potential gradients 
that facilitate electrophoretic ion flux (Figure 1). The 
plasma membrane localized H + pump is a P-type ATPase 
and is primarily responsible for the large (pH and 
membrane potential gradient across this membrane 
(Morsomme and Boutry, 2000). A vacuolar type H + - 
ATPase and a vacuolar pyrophosphatase generate the 
ApH and membrane potential across the tonoplast 
(Drozdowicz and Rea, 2001; Maeshima, 2001). The 
activity of these IP pumps is increased by salt treatment 
and induced gene expression may account for some of the 
upregulation (Hasegawa et al., 2000b; Maeshima, 2001). 

Recently, the plasma membrane H + -ATPase was 
confirmed as a salt tolerance determinant based on 
analyses of phenotypes caused by the semi-dominant 
aha.4-1 mutation (Vitart et al., 2001). The mutation to 
AHA4, which is expressed predominantly in the roots, 


causes a reduction in root and shoot growth (relative to 
wild type) of plants that are grown on medium 
supplemented with 75 mM NaCl. Decreased root length 
of salt treated aha.4-1 plants is due to reduce cell length. 
In NaCl supplemented medium, leaves of aha4-l plants 
accumulate substantially more Na + and less K + than 
those of wild type. It is postulated that AHA4 functions 
in the control of Na + flux across the endodermis (Vitart 
et al., 2001). 

Na + Influx and Efflux Across the Plasma Membrane. 

Recently, much insight has been gained about Na + 
transport systems that are involved in net flux of the 
cation across the plasma membrane (Amtmann and 
Sanders, 1999; Blumwald et al., 2000; Hasegawa et al., 
2000b). Transport systems with greater selectivity for 
K + are presumed to facilitate Na + "leakage" into cells. 
Specifically, Na + is a competitor for uptake through 
plasma membrane K + inward rectifying channels, such 
as those that are in the Shaker type family, e.g. AKT1 
(Schachtman, 2000). K + outward rectifying channels 
also may facilitate Na + influx (Schachtman, 2000). The 
high affinity K transporter (HKT) from wheat and low 
affinity cation transporter (LCT) also may be 
responsible for Na + influx across the plasma membrane 
(Schachtman, 2000; Amtmann and Sanders, 1999; 
Blumwald et al., 2000). Both HKT and LCT transport 
Na + when expressed in heterologous systems, providing 
evidence of their function in Na + uptake. Wheat HKT1 
is a Na + - H + - dependent K + transporter. Modifications to 
HKT1 that enhance K + transport also reduce Na + influx 
and enhance salt tolerance further establishing that Na + 
conductance occurs through this protein (Rubio et al., 

1999) . Physiological data also implicate nonselective 
cation (NSC) channels in Na + influx (Amtmann and 
Sanders, 1999). 

Recently, the properties of HKT proteins from 
Arabidopsis (Kato et al., 2001; Uozumi et al., 2000), 
rice (Horie et al., 2001) and eucalyptus (Fairbaim et al., 

2000) have been characterized. AtHKTl is the only 
member of the Arabidopsis gene family while both rice 
and eucalyptus have at least two genes. AtHKTl 
expression increases NaCl sensitivity of a yeast strain 
deleted for the plasma membrane Na + efflux system 
(enal-4A) but does not suppress the K + deficiency of 
trkl trk2 mutant cells that have attenuated uptake of this 
essential cation. However, AtHKTl expression does 
suppress the K + deficient phenotype of an E. coli mutant 
for which acquisition of the cation is disrupted. 
Electrophysiological data indicate that AtHKTl 
expressed in Xenopus oocytes specifically transports 
Na + and conductance is K + , H + and voltage independent 
(Uozumi et al., 2000). 

The in planta function of AtHKTl as an effector of 
Na + influx has been confirmed recently (Rus et al., 

2001) . T-DNA insertional and deletion mutations of 
AtHKTl were identified in a screen for suppressors of 


- 28 - 




Shuji Yokoi/JIRCAS Working Report (2002) 25-33 


NaCl sensitivity of the sos3-l mutant (Liu and Zhu, 
1997; Rus et al., 2001). Suppression of sos3-l NaCl 
sensitivity is correlated with reduced cellular 
accumulation of Na + and capacity to maintain [K + ]int. 
Together, these results establish that AtHKTl controls 
Na + influx into plants. It is likely that AtHKTl is a Na + 
influx system but its function as a regulator of Na + and 
K + influx systems cannot be precluded. Since the 
transcript is expressed predominantly in the roots, 
AtHKTl most probably functions in the control of Na + 
into the xylem for export to the shoot (Rus et al., 2001; 
Uozumi et al., 2000). 

Rice ( Oryza sativa L. Indica) OsHKTl and OsHKT2 
were identified based on sequence similarity with wheat 
HKT (Horie et al. , 2001). OsHKTl and 2 transcripts 
accumulate in response to low K + but their steady-state 
abundance is reduced by treatment with 30 mM NaCl. 
Yeast complementation and Xenopus oocyte expression 
data indicate that OsHKTl functions as a Na + influx 
system like AtHKTl but OsHKT2 is a Na + /K + 
symporter. The two Eucalyptus carnaldulensis HKT1 
(EcHKTl and 2) orthologs have similar transport 
characteristics as the wheat protein (Fairbairn et al. 
2000). Interestingly, activation of these proteins occurs 
in response to hypotonic treatment, implicating an 
osmosensing capacity. 

The recent identification of sos3-l hktl double 
mutations in Arabidopsis has confirmed the existence of 
a Na + entry system(s) different than HKT1 that 
functions in planta. Reduction in [Ca] ext to pM 
concentrations abrogates the capacity for an hktl 
knockout mutation to suppress Na + sensitivity of sos3-l. 
These results indicate the presence of a Ca 2+ -inhibited 
Na + influx system. For the last several years, 
physiological research has indicated the presence of Ca 2+ 
insensitive and sensitive Na + conductance in analysis of 
plant cell patches (Amtmann and Sanders, 1999). The 
Ca 2+ sensitive component of Na + uptake recently has 
been attributed to NSC channels (Davenport and Tester, 
2000). The combined electrophysiological and in 
planta mutant dissection data indicate that there are 
least two Na + influx systems, one whose activity is 
directly inhibited by Ca 2+ and the other HKT, for which 
genetic evidence indicates may be regulated negatively 
by the SOS signal pathway (Figure 1). 

Energy-dependent Na + transport across the plasma 
membrane of plant cells is mediated by the secondary 
active Na + /H + antiporter SOS1. Phylogenetically, SOS1 
is similar to SOD2 of Saccharomyces pombe, NHA1 of 
S. cerevisiae and NhaA and NhaP of Pseudomons 
aeruginosa (Shi et al., 2000). The SOS1 protein 
contains a large C-terminal domain (1162 amino acid) 
that distinguishes it from other members of the 
phylogenetic family. The SOS1 antiporter is distantly 
related to the plant endomembrane NHX type of 
antiporters. SOS1 gene expression is upregulated by 


NaCl stress and this is dependent on other components 
of the SOS signal pathway (see below). 

Na + Vacuolar Compartmentalization. A Na + /H + 
antiporter that is energized by the ApH across the 
tonoplast facilitates vacuolar compartmentalization of 
the cation. The Arabidopsis AtNHXl was isolated by 
functional genetic complementation of a yeast mutant 
defected for the endosomal Na + /H + antiporter yeast 
(ScNHXl) and has sequence similarity to mammalian 
NHE transporters (Apse et al., 1999; Gaxiola et al., 
1999; Quintero et al., 2000). Transgenic Arabidopsis 
and tomato plants that over express AtNHXl 
accumulate abundant quantities of the transporter in the 
tonoplast and exhibit substantially enhanced salt 
tolerance (Apse et al., 1999; Quintero et al., 2000; 
Zhang and Blumwald, 2001). These results implicate 
the pivotal function of the AtNHX family in vacuolar 
compartmentalization of Na + . 

Predicted amino acid sequence and topological 
similarities to AtNHXl led to the categorization of six 
loci in Arabidopsis as AtNHX gene family members 
(Yokoi et al., submitted). Phylogenetically, the proteins 
can be categorized into two subgroups, one containing 
four (AtNHX 1-4) and the other two (AtNHX5 and 6) 
members. AtNHX2 and AtNHX5 expression 
suppresses the Na + /Li + sensitive phenotype of a salt 
sensitive yeast mutant ( enal-4 nhal nhxlA) indicating 
that both AtNHX2 and AtNHX5 are orthologous to 
yeast ScNHXl and AtNHXl. AtNHX2 suppresses the 
Na + /Li + sensitive phenotype of the yeast mutant to a 
greater extent than AtNHXl. AtNHXl and AtNHX2 are 
expressed constitutively in shoot and roots. Transcript 
abundance of AtNHXl and AtNHX2 is induced by 
hyperosmotic stress (NaCl, sorbitol) and this osmotic 
response is dependent on the hormone abscisic acid 
(ABA). NaCl but not ABA induces AtNHX5 transcript 
abundance (Yokoi et al., submitted). Steady-state 
transcript abundance of AtNHXl, 2 and 5 is greater in 
sos mutants than wild type Col-0 gll indicating that the 
SOS pathway negatively regulates transcriptional 
expression of these Na + /H + antiporters genes. Yeast 
complementation and expression profiling data indicate 
that AtNHX2 and 5, like AtNHXl, are functional salt 
tolerance determinants. A common hyperosmotic stress 
signal pathways regulates the expression of AtNHXl 
and 2 but a different cascade controls AtNHX5 
expression. Post-transcriptional mechanisms that 
control AtNHX antiporter activation are still not known. 


Ca 2+ Signaling and the Activation of the Salt Overly 
Sensitive (SOS) Signal Transduction Pathway 

Jian-Kang Zhu and co-workers identified three 
genetically linked Arabidopsis loci ( SOS1, SOS2 and 
SOS3), which are components of a stress-signaling 
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pathway that controls ion homeostasis and salt tolerance 
(Hasegawa et al.2000a; Sanders, 2000; Zhu, 2000; 
2001). Genetic analysis of Na7Li + sensitivity established 
that sosl is epistatic to sos2 and sos3 (Zhu, 2000). 
These sos mutants also exhibit a K + deficient phenotype 
in medium supplemented with pM [K + ] ext and [Ca 2+ ]„ t . 
Na + and K + deficiency of sos2 and sos3 is suppressed 
with mM [Ca 2+ ] ext (Zhu et al., 1998). sosl exhibits 
hyperosmotic sensitivity unlike sos3 and sos2. Together, 
these results indicate that the SOS signaling pathway 
regulates Na + and K + homeostasis and is Ca 2+ activated. 

SOS 3 encodes a Ca 2+ binding protein with sequence 
similarity to the regulatory B subunit of calcineurin 
(protein phosphatase 2B) and neuronal Ca 2+ sensors 
(Ishitani et al., 2000; Liu and Zhu, 1998). Interaction of 
SOS3 with the SOS2 kinase (Liu et al., 2000) and SOS2 
activation is Ca 2+ dependent (Halfter et al., 2000). The 
in planta function of SOS3 as a salt tolerance 
determinant is dependent on Ca 2+ binding and N- 
myristoylation (Ishitani et al., 2000). 

The SOS2 serine/threonine kinase (446 amino acids) 
has a 267 amino acid N-terminal catalytic domain that is 
similar in sequence to yeast SNF1 (sucrose 
nonfermenting) kinase and the mammalian AMPK 
(AMP-activated protein kinase) (Liu et al., 2000; Zhu, 

2000) . The kinase activity of SOS2 is essential for its 
salt tolerance determinant function (Zhu, 2000). The 

5052 C-terminal regulatory domain interacts with the 
kinase domain to cause autoinhibition. A 21 amino acid 
motif in the regulatory domain of SOS2 is the site where 

5053 interacts with the kinase and is the autoinhibitory 
domain of the kinase (Guo et al., 2001). Binding of 
SOS3 to this motif blocks autoinhibition of SOS2 kinase 
activity. Deletion of the autoinhibitory domain results 
in constitutive SOS2 activation, independent of SOS3. 
Also, a Thr 168 to Asp mutation in the activation loop of 
the kinase domain constitutively activates SOS2. 

Genetic and biochemical evidence indicates that 
components of the SOS signal pathway function in the 
hierarchical sequence outlined in Figure 1 (Hasegawa et 
al., 2000b; Sanders, 2000; Zhu, 2001). Ca 2+ binds to 
SOS3, which leads to interaction with SOS2 and 
activation of the kinase. Among the SOS signal 
pathway outputs are transport systems that facilitate ion 
homeostasis. The plasma membrane sited Na + /H + 
antiporter SOS1 is controlled by the SOS pathway at the 
transcriptional and post-transcriptional level (Guo et al., 
2001; Zhu, 2001). Recently, functional disruption of 
AtHKTl was shown to suppress the salt sensitive 
phenotype of sos3-l, indicating that the SOS pathway 
negatively controls this Na + influx system (Rus et al., 

2001) . Also, the SOS pathway negatively controls 
expression of AtNHX family members that are 
implicated as determinants in the salt stress response 
(Yokoi et al., submitted). 


[Ca 2+ ] ext enhances salt tolerance and salinity stress 
elicits a transient [Ca 2+ ] cyt increase, from either an 
internal or external source, that has been implicated in 
adaptation (Knight et al., 1997, Lauchli, 1990). Data 
from recent experiments with yeast has provided insight 
into Ca 2+ activation of salt stress signaling that controls 
ion homeostasis and tolerance (Matsumoto et al., 2001). 
The hyperosmotic component of high salinity induces a 
short duration (1 min) rise in [Ca 2+ ] cyt that is due 
substantially to influx across the plasma membrane 
through the Cchlp and Midlp Ca 2+ transport system. 
The transient increase in [Ca 2+ ] cyt activates the PP2B 
phosphatase calcineurin (a key intermediate in salt stress 
signaling controlling ion homeostasis) leading to the 
transcription of ENA1, which encodes the P-type ATPase 
that is primarily responsible for Na + efflux across the 
plasma membrane (Nakamura et al., 1993; Mendoza et 
al., 1994; Matsumoto et al., submitted). The model 
proposes that the hyperosmotically-induced localized 
[Ca 2+ ] cyt transient activates calmodulin that is tethered to 
Cchlp-Midp (Elhers et al., 1999; Sanders et al., 1999; 
Matsumoto et al., submitted). Calmodulin in turn 
activates signaling through the calcineurin pathway, 
which mediates ion homeostasis and salt tolerance 
(Matsumoto et al., submitted). From these results, a 
paradigm for salt-induced Ca 2+ signaling and the 
activation of the SOS pathway can be suggested (Figure 
1). Components of the SOS pathway, either SOS3 or 
upstream elements, might be associated with an 
osmotically responsive channel through which Ca 2+ 
influx could initiate signaling through the pathway. 

It is notable that a new elevated [Ca 2+ ] cyt steady state 
is established in yeast cells, that are maintained in 
medium supplemented with NaCl, after the 
hyperosmotic induction of the short duration [Ca 2+ ] cyt 
transient (Matsumoto et al., submitted). It is likely that 
the newly established [Ca 2+ ] cyt contributes to cellular 
capacity for growth in salinity. The vacuolar membrane 
H + /Ca 2+ antiporter Vcxlp and endomembrane localized 
Ca 2+ -ATPases are pivotal effectors that regulate the 
amplitude and duration of the [Ca 2+ ] cyt transient (Miseta 
et al., 1999). The [Ca 2+ ] cyt steady state established in salt 
containing medium presumably also involves 
coordination of channel activation that facilitates influx 
from external and internal sources and energy dependent 
transport systems that compartmentalize the divalent 
cation. It is reasonable to assume that the salt induced 
[Ca 2+ ] cyt transient detected in plant cells (Knight, 1996) 
and, perhaps, a new [Ca 2+ ] cyt steady-state are controlled 
by the EC A and ACA Ca 2+ -ATPases and CAX1 and 2 
transporters which are orthologs of Vcxlp (Sze et al., 
2000). Nevertheless, Ca 2+ has at least two roles in salt 
tolerance, a pivotal signaling function in the salt stress 
response leading to adaptation and a direct inhibitory 
effect on a Na + entry system. 
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Perspectives 

Database analysis indicates that there are at least 
seven additional SOS2 isoforms (PKS:Protein Kinase S) 
and six SOS3 isoforms (SCaBPs:SOS3-like Calcium 
Binding Proteins) of SOS3. Whether these isoforms also 
are salt tolerance determinants has yet to be elucidated. 
One can speculate that these proteins have similar 
signalling intermediate functions as the prototype 
proteins but in different cell types or at unique stages of 
development. Perhaps these isoforms are constituents of 
signal pathways that respond to different inducers but are 
still components of the plant response to salt stress. 
Notwithstanding, it is likely that these proteins have both 
unique and overlapping functions. It is plausible also 
that some of these isoforms act as negative regulators of 
SOS signal transduction by physical interaction with the 
positive effector or competition for substrates required 
for signalling. Such positive and negative regulation of 
signal modulation may constitute a "fine tuning" 
necessary to achieve the appropriate plant response for 
stress adaptation and yield stability. Further insight 
regarding these suggestions may establish how the plant 
salt stress response is coordinated through gene families. 
The control system probably is even more complicated 
since other SOS signal pathway intermediates and 
outputs and other signalling cascades necessary for salt 
tolerance may exist. 

Recent progress in the elucidation of salt stress 
signalling and effector output determinants that mediate 
ion homeostasis has uncovered some potential 
biotechnology tactics that may be used to obtain salt 
tolerant crop plants, i.e. enhance the yield stability 
under salinity. Two basic strategies are feasible; 
regulate the salt stress signal pathway that controls 
tolerance effectors or modulate effector activity or 
efficacy. The recent demonstration that a constitutively 
activated SOS2 kinase can be achieved by deletion of 
the auto inhibitory domain or by site-specific 
modifications to the catalytic domain of the protein 
kinase (Guo et al., 2001) offers an approach to regulate 
stress signaling that controls ion homeostasis. 
Constitutive activation of yeast calcineurin in the host or 
in plants increases salt tolerance by predisposing the 
plants to survive the stress episode (Mendoza et al., 
1996; Pardo et al., 1998). Furthermore, overexpression 
of AtNHXl enhances plant salt tolerance, presumably 
by increasing vacuolar Na + compartmentalization that 
minimizes the toxic accumulation of the ion in the 
cytosol and facilitates growth in the saline environment 
(Apse et al., 1999; Zhang and Blumwald, 2001). 
Perhaps regulating net Na + influx across the plasma 
membrane would enhance salt tolerance efficacy 
achieved by overexpressing the vacuolar antiporter. 
Control of net Na + flux across the plasma membrane 
should be achieved by modulating the expression or 


activation of SOS1 (Na + efflux) and/or HKT1 (Na + 
influx). Or, by expressing more efficacious forms of the 
Na + transport proteins. For example, mutant variant 
forms of HKT1 transport more K + at the expense of Na + 
and render greater salt tolerance (Rubio et al., 1999). 
Promoters that direct tissue and inducer specific 
regulation of the target genes can condition the 
expression of the signal intermediates and the effectors. 
Thus regulation of the numerous salt tolerance 
determinants can be coordinated for an effective plant 
response but many of the costs associated with salt 
tolerance in nature might be minimized because some 
essential evolutionary necessities can be compensated 
for by agricultural practices. 
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Abstract 


Several methods have been developed for inserting genetic information into plant cells, such as Agrobacterium- mediated systems, 
direct DNA uptake into protoplasts and particle bombardment (biolistic). Several methodologies are available to transform almost all 
important crops. However, some systems are still not a routine and do not achieve the frequency of transformation required for obtaining 
genetically modified plants containing useful traits, such as abiotic stress tolerance. Considerable advances have been made in the 
methodologies to transform plants, mainly using Agrobacterium and the biolistic process. The biolistic process has been responsible for 
producing the majority of the new transgenic varieties that have reached the market. The apical region of embryonic axes has been an 
obvious target for the development of systems, by particle bombardment of meristematic cells. Based on the introduction of genes into the 
meristematic cells by particle bombardment, we developed an efficient and reproducible system to achieve routinely transgenic plants of 
several species, such as dry bean, soybean and cotton. 

Keywords: transgenic plants, genetic engineering, soybean, dry bean, cotton, plant transformation 


Introduction 

The use of genetic engineering techniques for 
introducing genes responsible for agronomic 
characteristics may facilitate the development of new 
varieties. In fact, the last two decades have seen 
significant developments in plant transformation 
technology, and many transgenic crop plants have now 
been released for commercial production. Advances in 
the technology have been due to the development of a 
range of Agrobacterium -mediated and direct DNA 
delivery techniques, along with appropriate tissue 
culture techniques for regenerating whole plants from 
plant cells or tissues in a large number of species. 

To obtain a transgenic plant, methods of introducing 
the exogenous DNA into the vegetable tissue and 
regenerating the whole plant from such genetically 
transformed tissue are required. Depending upon the 
species to be transformed, various types of tissue have 
been used. The meristematic tissue has been preferably 
employed in various transformation processes, primarily 


due to the ease of regeneration of a plant from this type 
of tissue. Several methods have been developed for 
inserting genetic information into plant cells, such as 
Agrobacterium -mediated systems, direct DNA uptake 
into protoplasts and particle bombardment (biolistic). 
However, although it was assumed that advances in the 
methodologies for gene delivery and plant tissue culture 
would make plant transformation routine for most 
important crops, some species have proved very 
difficult to transform. Several methodologies are 
available to transform almost all important crops, 
however, some systems are still not routine and do not 
achieve the frequency of transformation required for 
obtaining genetically modified plants containing useful 
traits, such as abiotic stress tolerance. 


Particle bombardment and plant transformation 

Since the development of the biolistic process for the 
direct introduction of genes into vegetable cells at the 
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end of the 1980s, a great number of transgenic plants of 
several species have been obtained, including those 
species that were considered difficult to transform by 
other methods. This is due to the fact that it has become 
possible to introduce and express exogenous genes in 
any kind of vegetable tissue. Thus, any type of tissue 
having the potential to regenerate a completely fertile 
plant is suitable for transformation (Sanford et al. 1987). 

The biolistic process has also been called the 
microprojectile bombardment method, "gene gun" 
method, and particle acceleration method, among 
others. Different systems have been developed and 
constructed which are capable of accelerating 
microparticles (made of tungsten or gold), coated with 
nucleic acid sequences, at speeds exceeding 1,500 km/h. 
All these systems are based on the generation of a shock 
wave with enough energy to displace microparticles 
coated with DNA. The shock wave can be generated by 
a chemical explosion (dry powder gun), a discharge of 
helium gas under high pressure, or vaporization of a 
drop of water through an electric discharge at high 
voltage and low capacitance or at low voltage and high 
capacitance. Those systems that use helium gas under 
high pressure and electric discharge have shown a broad 
range of uses. The accelerated particles penetrate the 
cellular wall and membrane in a non-lethal way, 
locating themselves randomly in the cellular organells. 
Then the DNA is dissociated from the microparticles by 
the action of the cellular liquid, and the process of 
integrating the exogenous DNA in the genome of the 
organism to be modified takes place (Yamashita et al. 
1991). In spite of the efficiency and universality of 
utilization of the biolistic process, it requires the 
optimization of various biological parameters, related to 
tissue culture, allowing regeneration of transgenic plants 
from genetically modified tissues. 

Several protocols have been developed to de novo 
regenerate the most important crops. However, genetic 
modification of some of them is still not routine, with 
low frequency of transformation, or limited to some 
specific varieties. Consequently, the apical region of 
embryonic axes is an obvious target for the development 
of systems based on the bombardment of meristematic 
cells. Based on the introduction of genes into the apical 
meristematic cells, by particle bombardment we 
developed an efficient and reproducible system to 
achieve routinely transgenic plants of several species, 
such as soybean, dry bean and cotton. 

The ability to recover a high number of fertile 
transgenic plants may facilitate the detection of the "key 
event(s)" that could be integrated into plant breeding 
programs for the development of transgenic crops that 
will be introduced into the market. The high frequency 
of transformation achieved allowed our group to 
introduce agronomically important traits into these 
crops: resistance to viruses, fungi and insects, herbicide 


tolerance, expression of methionine-rich proteins, 
human growth factor and insulin. Molecular analyses 
and progeny tests of several generations of transgenic 
lines revealed the presence of a small number of 
integrated copies of the foreign genes and segregation in 
a Medelian fashion in most of them. This is extremely 
important, in order to accelerate the introduction of 
these plants in a breeding program as well as the 
production of transgenic commercial varieties. 
Embrapa's groups and others are utilizing these systems 
in order to introduce genes for abiotic stress in 
important crops such as bean and soybean, namely 
drought and cold tolerance. 


Dry bean transformation 

The common bean (Phaseolus vulgaris L.) is one of 
the most important food legumes in the developing 
world. In Latin America, beans are a very important 
source of protein and calories. However, the production 
growth rates have been declining in Brazil and the 
Andean regions, mainly due to diseases, insects, 
nutritional deficiencies, and drought. Consequently, 
there is considerable interest in the introduction of 
agronomically useful traits into beans by breeding and 
genetic engineering. 

Several methods have been developed for inserting 
genetic information into plant cells, such as 
Agrobacterium-mediated systems, direct DNA uptake 
into protoplasts and particle bombardment. Early efforts 
to transform the bean demonstrated its susceptibility to 
Agrobacterium, and some transgenic tissues such as 
callus, leaves, meristems, cotyledon and hypocotyl have 
been achieved (Lippincott et al. 1968, McClean et al. 
1991, Franklin et al. 1993, Becker et al. 1994, Lewis 
and Bliss 1994, Brasileiro et al. 1996, Nagl et al. 1997). 
Mariotti et al. (1989) reported the production of 
transgenic bean plants through the utilization of the 
Agrobacterium system. However, there was no 
molecular evidence for genetic transformation or 
progeny analysis. Transient gene expression using either 
electroporation or PEG-mediated protoplast 
transformation was demonstrated (Crepy et al. 1986, 
Bustos 1991, Leon et al. 1991, Giovinazzo et al. 1993). 
Dillen et al. (1995) demonstrated the applicability of 
electroporation of intact tissue to introduce and express 
the gus gene in bean embryonic axes. Nevertheless, no 
transgenic bean plants were obtained due to the 
difficulties of regenerating plants. 

The applicability of particle bombardment to 
introduce and transiently express genes into apical 
meristematic cells of dry beans was demonstrated in the 
early 1990s (Genga et al. 1991, Aragao et al. 1992, 
1993). However, it was not known how deep the 
particles should penetrate in order to reach the cells that 


- 36 - 




Francisco J. L. Aragao / JIRCAS Working Report (2002) 35-42 


could generate transgenic plants. The different parts of 
the meristem have been divided in layers (LI, L2 and 
L3) (Satina et al. 1940). Layer LI is the most external 
and forms the epidermis of the differentiated regions. 
Layers L2 and L3 divide preferentially in the anticlinal 
and periclinal planes to form the organs. Several studies 
have demonstrated that the differentiated de novo shoots 
originate from the sub-epidermal layers (L2 and L3) of 
the apical meristem. However, the LI layer could 
participate in their formation (McClean and Grafton 
1989, Franklin et al. 1991, Mohamed et al. 1992). These 
shoots are formed in the peripheral regions of the apical 
meristem (Aragao and Rech 1997). The bombardment 
of P. vulgaris meristematic cells showed that it was 
possible to efficiently reach these layers, demonstrating 
that it would be possible to achieve transgenic plants 
(Aragao et al. 1993). In 1993, Russel et al. were able to 
achieve transgenic navy bean (cv. Seafarer) plants using 
an electrical particle acceleration device. It was the first 
report of P. vulgaris transformation, presenting 
molecular evidences and progeny. However, the 
frequency of transgenic plants obtained was much lower 
(0.03%) and variety-limited. In addition, their tissue 
culture protocol was time consuming, involving several 
temperature treatments and medium transfers of the 
bombarded embryos before recovery of transgenic 
shoots. Kim and Minamikawa (1996) achieved 
transformation by bombarding embryonic axes, 
obtaining stable transformed bean plants (cv. Goldstar). 

We developed an efficient and reproducible system 
to achieve routinely transgenic bean plants. The bean 
transformation system was also based upon the 
development of a tissue culture protocol of multiple 
shoot induction, shoot elongation and rooting. The 
average frequency of transformation (the total number 
of putative transgenic plants divided by the total number 
of bombarded embryonic axes) was 0.9% (Aragao et al. 
1996, Aragao and Rech 1997). In addition, we have 
been able to transform several varieties of P. vulgaris, 
including those that were considered difficult to 
transform in previous studies. 

It has been assumed that the use of particle 
bombardment to introduce genes into apical 
meristematic cells can be extended to any genotype or 
variety (Sanford 1990). However, we have found that 
the morphology of the explants utilized during the 
bombardment process may greatly influence the 
successful recuperation achievement of transgenic bean 
plants (Aragao and Rech 1997). In some cultivars, the 
embryonic axes revealed the apical meristematic region 
partially exposed, whereas only the central region could 
be visualized. The number of meristematic cells that 
could be reached by the microparticles coated with 
DNA will be drastically reduced. Consequently, the 
efficiency of transformation could also be reduced. 
Several studies have shown that de novo shoot 


differentiation in embryos of bean cultivated on 
cytokinins appeared in the peripheral layers of the 
meristematic ring (Franklin et al. 1991, McClean and 
Grafton 1989, Aragao and Rech 1997). Thus, based on 
these concepts, cultivars with a non-exposed apical 
meristematic region are not suitable for particle 
bombardment transformation, considering the fact that 
removal of the leaf primordia is not practical. 

Our group first introduced an agronomically 
important gene into Phaseolus. Mature embryos were 
transformed in order to transiently express a 
methionine-rich albumin gene from Brazil nut ( belsl 
gene), which could be detected by Western blot and 
ELISA, twenty-four hours later (Aragao et al. 1992). 
Recently, we stably transformed bean with the be2sl 
gene in order to improve the methionine content in the 
seeds. In two of the five transgenic lines, the methionine 
content was significantly increased by 14% and 23% 
over the non-transgenic plants (Aragao et al. 1999). 

Recently, we obtained transgenic plants containing 
the bar gene that confers resistance to the herbicide 
glufosinate ammonium (Lyberty, Aventis). The bar gene 
was found to confer strong resistance in transgenic bean 
to the herbicide in the greenhouse. A field trial was 
carried out and one line presented high tolerance up to 
400 g/ha of glufosinate ammonium (Figure 1; Aragao et 
al. 2001). 



Fig. 1. Field trial conducted with transgenic dry bean plants 
tolerant to the herbicide glufosinate ammonium. 


In order to achieve bean plants resistant to the bean 
golden mosaic geminivirus, which is responsible for one 
of the most important diseases in this crop in Latin 
America, plants containing the mutated AC1 viral gene 
were obtained. We have identified two lines that 
presented immunity against the virus. These lines were 
introduced into the breeding program from the Center of 
Rice and Bean of EMBRAPA. 

The bean transformation system developed in our lab 
is now available to introduce genes for abiotic stress 
tolerance. Indeed, other groups in Mexico and Brazil are 
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using this technology to introduce genes for tolerance to 
cold, drought and shade environment. 

Soybean transformation 

The first two successful reports of soybean 
transformation involved the use of the Agrobacterium 
system to obtain plants regenerated from cotyledonary 
nodes and the biolistic system, which is based on 
acceleration of microparticles coated with DNA into the 
apical meristematic region of embryonic axes (Hinchee 
et al. 1988, McCabe et al. 1988). Since then, several 
groups have been actively involved in improving these 
systems by manipulating somatic embryogenesis and 
shoot morphogenesis (Chee et al. 1989, Finer et al. 

1991, Barwale et al. 1986, Hooykaas and Schilperooort 

1992, Hansen et al. 1994). However, the protocols 
published failed to produce a highly efficient system 
that would be easy to conduct and variety independent. 
In addition, an efficient selectable marker that would 
allow the regeneration of only transgenic material and 
increase the frequency of recovery of fertile transgenic 
plants is not available. 

One important constraint in the transformation 
system based on the bombardment of meristematic 
tissue of embryonic axes was the difficulty of achieving 
efficient selection of transformed cells (Kartha et al. 
1981, Aragao et al. 1996, 2000). In this case, only a few 
cells from the meristem are transformed, while the 
others, including those that are in contact with the 
culture medium and the selective agent, are not 
transformed. Antibiotics such as kanamicin have been 
used as selective agents, associated with the nptll gene 
(Aragao et al. 1996). However, this selection is not 
efficient. A soybean transformation technology that 
would allow the selection of transgenic meristematic 
cells and regeneration of fertile plants should facilitate 
the production of transgenic plants with improved 
agricultural characteristics. 

To obtain transgenic soybean plants from the apical 
region of embryonic axes, there are two essential 
requirements: 1) introduction of exogenous genes with 
high frequencies into the cells of the apical regions, and 
integration of exogenous genes into the vegetable 
genome, and 2) regeneration and production of fertile 
transgenic plants from the resulting transformed cells. 
With the development of the biolistic process, the first 
requirement was achieved. However, one problem 
remained: it was difficult to select the transformed 
apical meristematic cells. To solve this problem, which 
is one of the most important limiting factors for 
achieving transgenic soybean with a high frequency, we 
have developed a novel system to select transgenic 
meristematic cells. The system is based on the use of the 
selective agent imazapyr, a herbicidal molecule of the 


imidazolinone class, capable of systemically 
translocating and concentrating in the apical 
meristematic region of the plant. The mechanism of 
action of imazapyr is the inhibition of the enzymatic 
activity of acetohydroxyacid synthase (AHAS; 
acetolactate synthase, acetolactate pyruvate-lyase 
(carboxylating), EC 4.1.3.18), which catalyses the initial 
step in the biosynthesis of isoleucine, leucine and 
valine. The alias selectable marker gene, previously 
isolated from Arabidopsis thaliana, contains a mutation 
at position 653 bp resulting in a serine to asparagine 
substitution that confers imidazolinone-specific 
resistance. This selectable marker system, combined 
with an improved multiple shooting induction protocol, 
resulted in a significant increase in the recovery of 
fertile, transgenic material (from 4 to 20%, number of 
transgenic plants related to number of embryonic axes 
bombarded) compared with the standard soybean 
transformation protocol (0.1%) (Aragao et al. 2000). 
Basically, mature seeds are surface sterilized and soaked 
in distilled water for 18-20 h. The embryonic axes are 
excised from seeds and the apical meristems are exposed 
by removing the primary leaves, and positioned for the 
bombardment. After bombardment, the embryonic axes 
are transferred and completely immersed in the induction 
medium (MS basal salts medium, supplemented with 
22.2 pM benzylaminopurine, 3% sucrose and 0.6% agar, 
Sigma, pH 5.7), for 16 h in the dark. After this period, 
the explants are transferred to MS medium containing 
500 nM imazapyr. As soon as the embryonic axes- 
derived shoots are 2 to 3 cm in length, they are analyzed 
for the presence of foreign genes and individually 
transferred to a plastic pot and acclimated (Figure 2). 

We also demonstrate that this technique is variety- 
independent. It was possible to transform several 
commercial cultivars, such as BR-16, Doko RC, BR-91, 
Guarany and Conquista. One line, from the cultivar BR- 
16, was tested under field conditions and presented very 
high tolerance to the herbicide imazapyr (Figure 2; 
Aragao et al. 2000). 

We believe that this new technology should have 
significant applications for the introduction of genes for 
agronomic characteristics such as biotic and abiotic 
stress tolerance. In fact, this soybean transformation 
system will be used for the introduction and expression 
of the DREB1A gene identified in Arabidopsis thaliana 
and involved in the response of the plants to abiotic 
stress (Fiu et al. 1998, Shinozaki and Yamaguchi- 
Shinozaki 2000). 


Cotton Transformation 

Cotton (Gossypium hirsutum F.) is considered a high 
value agricultural product, adapted for the industrial 
production of vegetable oil and mainly textile fiber. The 
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Fig. 2. Acclimated transgenic soybean plantlets in the greenhouse 
(above) and a field trial conducted with a transgenic soybean line 
tolerant to herbicide. 


sharp increase in cotton consumption in the form of 
greater variety of products justifies the need to optimize 
the production and quality of this crop. Genetic 
engineering can help improve cotton breeding programs. 

The first reports of cotton transformation, using 
Agrobacterium tumefaciens, were applicable to only a 
few varieties (Firoozabody et al. 1987, Umbeck et al. 
1987, Finer et al. 1990, Cousins et al. 1991, Bayley et 
al., 1992). Most varieties of commercial interest proved 
difficult or impossible to regenerate into plants from the 
obligatory callus phase. Genes introduced into 
regenerable varieties could be bred into other lines but 
the process is lengthy and prone to somaclonal 
variation. Most of the varieties transformed by 
Agrobacterium systems are Coker and Coker-derived 
(Thomas et al. 1995, Rajasekaran et al. 1996, Agrawal 
et al. 1997). In this regard, we have been looking for an 
efficient system to transfer genes to elite cultivars, 
avoiding the need of many years of crossing and 
selection to reach new varieties. 

Based on their experience with soybean, McCabe 


and Martinell (1993) developed a variety-independent 
protocol for the production of transgenic cotton. 
However, its efficiency was very low, from 0.027 to 
0.2%, which is not sufficient for practical purposes. 

Stable integration and expression of the genes have 
been achieved with both Agrobacterium and the biolistic 
process, however when only the epidermal cortex cell 
layer of a plant is transformed, the progeny will not 
inherit the transgene. Germline transformants, on the 
other hand, pass on the transgenes to their progeny and 
are suitable for conventional commercial cultivation 
(Keller et al. 1997). The frequency of cotton 
transformation has been relatively high (0.2 to 1%); 
nevertheless, the frequency of germline transformation 
has been very low. This is the most important constraint 
for the achievement of a variety-independent system 
with high frequency of cotton transformation. 

We have successfully adapted the selection system 
developed for soybean (Aragao et al. 2000) to increase 
the cotton germline frequency of transformation. Indeed, 
the frequency of germline transformation was raised to 
0.5%, using the herbicide imazapyr to select the shoots 
and plantlets originated from the apical meristematic 
tissue bombarded with the ahas gene. In summary, seeds 
of cotton, varieties CNPA-7MH and 7H, are surface 
sterilized and soaked in distilled water for 16 h. The 
water is removed and the seeds are incubated in the dark 
for an additional period of 16 h. Then, the embryonic 
axes are excised from seeds and the apical meristems are 
exposed by removing the primary leaves, and positioned 
for the bombardment (Figure 3). After bombardment the 
embryonic axes are transferred to MS medium 
containing 900 nM imazapyr, 0.1% activated charcoal, 3 
mg/L BAP and 3% glucose. As soon as the embryonic 
axes-derived shoots are 2 to 3 cm in length, they are 
analyzed for the presence of foreign genes and 
individually transferred to a plastic pot and acclimated 
(Figure 3). Most of the elongated shoots showed the 
presence of foreign genes. The developed process should 
allow the introduction and expression of different genes 
in elite varieties of commercial cotton, with a frequency 
of germline transformation superior to those protocols 
described so far. 


Conclusion 

Crop improvement through genetic engineering has 
become a reality (Dunwell 2000). For some crops, 
transformation is already routine. However, for other 
crops, despite the possibility of obtaining transgenic 
plants, the frequency is still not sufficient for practical 
purposes. In our experience, we have seen that for each 
20 transgenic plants obtained, only one has the potential 
to be introduced in a breeding program to generate a 
commercial variety. Consequently, a transformation 
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Fig. 3. Cotton transformation system. A) Embryonic axes 
expressing the gus (uidA ) gene 3 days after the bombardment. B) 
Transgenic (right) and non-transgenic anthers expressing the gus 
gene. C) Acclimated transgenic cotton plantlets (RO). D) A 
transgenic cotton plant in the greenhouse. 


technology has to be very efficient in order to allow the 
selection of events with a desirable expression level, 
without severe somaclonal variation and unexpected 
segregation. This is particularly true for introducing 
genes for abiotic stress tolerance, since either the 
number of candidate genes or that of individual plants to 
be tested should be large. In addition, research in plant 
transformation is concentrating now not so much on the 
introduction of DNA into plant cells, but rather on the 
problems associated with stable integration and reliable 
expression of the DNA once it has been integrated. 

Studies of the behavior of transgenic plants under 
field conditions need to be conducted. These studies 
should assess the interactions of the transgenic plants 
with other plants in the agricultural and natural 
environment. Moreover, the stability of foreign genes 
and factors related to their interaction with the complex 
physiology of these plants submitted to natural stress in 
tropical areas should be evaluated. 
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Abstract 


Abiotic stress is a major environmental constraint to rice production in non-irrigated rice areas. Genetic engineering aims at cross¬ 
talk between different stress-signaling pathways and is expected to unravel the roadmap of the bioengineering pathway leading to stress 
tolerance. Multidisciplinary collaboration involving molecular biologists, plant breeders, agronomists, physiologists, and biotechnologists 
could genetically improve this trait in rice. Osmotic adjustment (OA) is an effective component of abiotic stress (drought and salinity) 
tolerance in many plants, including rice. When the plant experiences water stress, OA contributes to turgor maintenance of both shoots 
and roots. Osmoprotectants (compatible solutes), which accumulate in the cytoplasm of water-stressed plants, are used for OA. 
Conventional breeding could not achieve OA in rice except for a few rice cultivars that are well adapted to water-stress conditions. 
Several stress-related genes have now been cloned and transferred into rice to enhance the osmolytes and some transgenic lines showed 
increased tolerance of osmotic stress. However, tolerance of water stress could require multigene families or a transcription factor 
regulating several genes, which has been shown in Arabidopsis (Shinozaki and Yamaguchi-Shinozaki, Current Opinion in Plant Biology, 
2000, 3:217-223). 

To better understand water-stress tolerance in rice and to develop transgenic rice which can survive for a critical period under water- 
stress conditions, the following strategies could be effectively deployed: 

1) Switching on a transcription factor regulating the expression of several genes related to abiotic stress; 2) using a suitable root- 
specific promoter driving the target gene for an efficient and directed expression in roots and modification of roots; 3) understanding 
phenotyping and G X E in a given environment; 4) selecting a few adaptive rice cultivars suitable for drought and salinity-prone areas; 5) 
using microarray, proteomics, QTLs and marker-aided selection to expedite the cloning and characterization of stress-inducible genes; 
and, finally, 6) using an efficient transformation system to generate a large number of transgenic rice cultivars of different background 
that will eventually help in selecting a desirable phenotype with adequate OA. The genetic engineering approach for abiotic stress 
tolerance in rice will be highlighted and discussed. 

Keywords: OA (osmotic adjustment), bioengineering, transcription factor, reactive oxygen species (ROS), osmoprotectants, oxidative 
stress-related genes, regulatory genes, phenotyping 


Conclusions 

Abiotic stress, particularly drought and salinity, is a 
complex phenotypic and physiological phenomenon in 
plants. The number of genes that regulate the process 
and how they coordinate it has yet to be unraveled. 
Nevertheless, adaptive cultivars that pyramid 
physiological traits using molecular markers/QTLs or 


tools of functional genomics such as microarray or 
proteomics might help as the first step along the path to 
developing stress-tolerant cultivars. Once the 
regulatory gene(s) governing the stress- signaling 
pathways are available, selected transgenic rice lines in 
an adaptive background with adequate OA may lead us 
to desirable rice for abiotic stress tolerance. 
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Introduction 

Asia produces 92% of the world's rice. India and 
China together produce 58%. Only 4-5% of world rice 
production enters the global market. Any shortfall in 
the major rice-growing countries could be a disaster for 
food security (Hossain et al. 2000). The rice genome is 
as dynamic as that of other crop plants, but it needs to 
be more amenable to the addition of new genes for 
further rice production growth in different ecosystems. 
The irrigated ecosystem accounts for 55% of the total 
rice area and contributes 75% of global rice production. 
The remaining 25% of rice comes from unfavorable 
rice-growing areas (45%): rainfed lowland (25%), 
upland (12%), and flood-prone areas (8%). Water stress 
is the single most severe limitation to the productivity of 
rice in the rainfed ecosystem (Widawsky and O'Toole, 
1990). Table 1 summarizes the yield loss caused by 


Table 1 

Estimated yield loss caused by various abiotic factors 


Yield loss (kg ha 1 ) 

Country/ 

All 

technical 

Abiotic 

Drought 

Cold 

Submergence 

Southern India 

468 

117 

17 

4 

0 

Eastern India 

658 

306 

144 

18 

24 

Bangladesh 

635 

284 

93 

10 

140 

Northeastern China 1350 

1156 

153 

194 

95 

Central China 

1515 

1444 

250 

317 

163 

Nepal 

1422 

406 

236 

0 

13 

Southern China 

1091 

990 

143 

159 

112 

Northern China 

1288 

1033 

169 

160 

79 


(from: Dey and Upadhyaya, 1996) 


various abiotic stresses in South and Southeast Asia 
countries. In general, screening methods and 
phenotypic characterization are inadequate for 
improving drought tolerance in rice breeding. Marker- 
aided selection (MAS) and QTL mapping may speed up 
the process. However, recent developments in genetic 
engineering and functional genomics, particularly gene 
discovery of candidate genes, may address many 
unsolved questions of crop design for abiotic stress 
tolerance in plants, with special reference to rice. I will 
discuss a few recent research activities and strategies to 
develop abiotic stress-tolerant rice. 

Genomics and genetic engineering 

Genomics involves DNA sequencing, the use of 
DNA microarray technology to analyze the gene 
expression profile at the mRNA level, and improved 
informatics tools to organize and analyze such data. 
Cultivated rice has evolved through domestication for 


centuries, which has allowed a limited diversity of 
genetic resources. It is possible to combine the 
pyramiding of phenotype breeding and physiological 
traits and the further selection of germplasm may 
enhance crop improvement (Fig. 1). Genomics-based 
strategies for gene discovery, QTL/physical mapping, 
adaptive cultivars, MAS, and genetic engineering lead to 
the process of crop improvement as shown in Figure 2. 

Pyramiding physiological traits Pyramiding phenotype breeding 



Selected lines 

Phenotyping, screening, and selection 

" Wi 

New germplasm 



Improvement by further breeding 

Fig. 1. Combining physiological traits and phenotype in breeding. 





Abiotic stress-tolerant rice for evaluation 

Fig. 2. Multidisciplinary approach for abiotic stress tolerance in 


Major crops such as rice, wheat, maize, cotton, 
soybean, sunflower, barley, canola, and sorghum have 
been transformed using various gene transfer 
technologies (Potrykus, 1991; James, 2000). However, 
the most reproducible and most unambiguous results 
have been obtained from protoplast, biolistic, and 
Agrobacterium methods as shown in Figure 3 (Datta et 
al. 1997; Datta, 2000). 


Osmotic adjustment and genotypic variation 

Osmotic adjustment (OA) is a major component of 
abiotic stress tolerance, particularly for water stress 
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Fig. 3. Schematic protocol for production of transgenic rice 
plants using biolistic, protoplast, and Agrobacterium systems. 


(either drought or salinity). Blum (1988) defined OA as 
follows: "As water is being removed from the plant cell, 
its osmotic potential (OP) is reduced due to the simple 
effect of solute concentration. However, if during the 
course of cellular water loss solutes are actively 
accumulated, OP would be reduced beyond the rate 
dictated by the mere effect of concentration. Such an 
active accumulation of solutes during the development 
of water deficit is termed OA". OA contributes to 
turgor maintenance of roots and shoots in response to 
water deficit. OA is reported to occur in rice under 
water deficit in the range of 0.4-0.6 MPa and it may 
extend to higher levels under prolonged stress in some 
rice cultivars, for example, up to 1.5 MPa in IR cultivars 
(Lilley and Ludlow, 1996). Lines with a japonica 
background showed poor dehydration tolerance and low 
OA, whereas indica lines had greater dehydration 
tolerance and higher OA. OA has been shown to be 
associated with yield and it has a positive influence on 
leaf rolling, tissue death, and retention of green leaf area 
in rice (Nguyen et al. 1997). 

The biochemical mechanisms of action of solutes 
protecting plants are not known. Hence, several studies 
have focused on the physiological mechanisms of 
compatible solute action and ion homeostasis and water 
relations, C/N partitioning, reserve allocation and 
management of reducing power, and, finally, correlation 
of single or multiple functions of a single solute (Levitt, 
1980; Bohnert et al. 1995, 2000). 

A comprehensive study on transgenic plants 


summarizing a correlation among solute amount, nature, 
and tolerance has been documented in Table 2 and 
particularly in rice in Table 3. The main solutes 
responsible for OA in response to water deficit in rice 
have not been characterized. Osmotic adjustment is time- 
dependent. Thus, a slow water deficit may allow the rice 
plant to accumulate solutes and may provide protection 
(Lilley and Ludlow, 1996; Nguyen et al. 1997). 


Osmoticum, drought, and salinity 

Water deficit is the key cause of abiotic stress in rice. 
However, a minor water deficit results in a reduction in 
photosynthesis, while major deficits lead to complete 
inhibition of photosynthesis and the production of 
reactive oxygen species (ROS) such as superoxides and 
peroxides. These intermediates affect membrane 
integrity and cause severe impairment of several 
physiological processes and biochemical reactions. 
Several reports show that transgenic plants can 
scavenge or protect themselves from ROS (Bohnert et 
al. 1995, 2000). 

Transgenic plants accumulate osmoprotectants (e.g., 
glycine betaine) and osmolytes, which have been shown 
to accumulate in response to drought, salinity, and cold 
stress. Osmolytes are molecules with low molecular mass 
and they could be quaternary amines, amino acids, or 
sugar alcohol. Enhanced accumulation of these molecules 
is known to increase the osmotic potential of the cell, 
which could help in combating water stress. Eventually, 
they could stabilize membranes and other macromolecular 
structures. A few genes incorporated in transgenic plants 
leading to enhanced osmolytes or another kind of stress- 
related protection are summarized below. 


Choline oxidase/glycine betaine 

Glycine betaine is an important compatible solute 
widely distributed among plants. The codA (choline 
oxidase) gene isolated from the soil bacterium 
Arthrobacter globiformis converts choline to glycine 
betaine via betaine aldehyde (Deshnium et al. 1995). 
Salt-tolerant transgenic Arabidopsis thaliana was 
reported to use the codA gene (Hayashi et al. 1997). 
The transformed plant could easily grow at 200 mM 
NaCl, whereas control wild-type plants did not grow. 
About 80% enhancement of salt tolerance was reported 
in transgenic tobacco expressing the E. coli betA gene 
(Lilius et al. 1996). Transgenic Arabidopsis carrying 
the codA gene showed tolerance for light stress and 
increased accumulation of H 2 0 2 and several other stress- 
related chemicals (Alia et al. 1998). Rice does not 
accumulate glycine betaine unlike other plants (Ishitani 
et al. 1993). Sakamoto et al. (1998) reported transgenic 
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Table 2 


Recent progress in transgenic research for abiotic stress tolerancea 


Gene 

Gene action 

Species 

Phenotypic expression 

Reference 

Late embryogenesis abundant (LEA)-related genes 



COR15a 

Cold-induced gene 

Arabidopsis 

Increased freezing tolerance 

Steponkus et al. (1998) 

HVA1 

Group 3 LEA protein gene 

Wheat 

Increased biomass and WUE" under stress 

Sivamani et al. (2000) 

Regulatory genes 




AB13 

Transcription factor 

Arabidopsis 

Enhanced freezing tolerance 

Tamminen et al. (2001) 

ACC 

ACC deaminase 

Tobacco 

Increased flooding (waterlogging) tolerance 

Grichko and Glick (2001) 

AtGluRl 

Transcription factor 

Arabidopsis 

Calcium use under ionic stress 

Kim et al. (2001a) 

ATHB6 

Transcription factor 

Arabidopsis 

Cell division and /or differentiation 

Soderman et al. (1999) 




in developing organs 


CBF1 

Transcription factor 

Arabidopsis 

Increased cold tolerance 

Jaglo-Ottosen et al. (1998) 

DREB 

Transcription factor 

Arabidopsis 

Increased tolerance of cold, drought, and salinity 

Kasuga et al. (1999) 

MsPRP2 

Transcription factor 

Alfalfa 

Increased salinity tolerance 

Winicov and Bastola (1999) 

SCOF-1 

Transcription factor 

Arabidopsis 

Tobacco 

Increased cold tolerance 

Kim et al. (2001b) 

Tsil 

Transcription factor 

Tobacco 

Increased osmotic stress tolerance 

Park et al. (2001) 

Oxidative s 

tress-related genes 




Sod 

Cu, MN, Fe, Zn-SOD 

Alfalfa, rye grass 

Increased winter hardiness 

McKersie (2001) 


Cu/Zn superoxide dismutase 

Tobacco, tomato 

No protection seen against superoxide toxicity 

Tepperman and Dunsmuir (1990) 


Cu/Zn superoxide dismutase 

Tobacco 

Retained 90% photosynthesis under chilling 
and heat stress 

Gupta et al. (1993) 


Fe superoxide dismutase 

Tobacco 

Protected plants from ozone damage 

Van Camp et al. (1996) 


Mn superoxide dismutase 

Tobacco 

Reduced cellular damage under oxidative stress 

Bowler etal. (1991) 


Mn superoxide dismutase 

Alfalfa 

Increased tolerance to freezing stress 

McKersie etal. (1993) 


Mn superoxide dismutase 

Alfalfa 

Increased tolerance to water deficit 

McKersie etal. (1996) 


Mn superoxide dismutase 

Alfalfa 

Increased winter survival 

McKersie et al. (1999) 


Mn superoxide dismutase 

Tobacco 

Increased tolerance to Mn deficiency 

Yu et al. (1999) 

Apx3 

Ascorbate peroxidase 

Tobacco 

Increased protection against oxidative stress 

Wang et al. (1999) 

GST/GPX 

Glutathione S-transferase 
with glutathione peroxidase 

Tobacco 

Increased stress tolerance 

Roxas et al. (2000) 

MsFer 

Ferritin (iron storage) 

Tobacco 

Increased tolerance of oxidative damage caused 
by excess iron 

Deak et al. (1999) 

Ntl07 

Glutathione S-transferase 

Tobacco 

Sustained growth under cold and salinity stress 

Roxas et al. (1997) 

parB 

Glutathione S-transferase 

Arabidopsis 

Protects against A1 toxicity and oxidative stress 

Ezaki et al. (2000) 

Genes encoding for molecular chaperones 




hs 

Heat shock transcription factor 

Arabidopsis 

Increased thermotolerance in transgenic plants 

Lee etal. (1995) 

HsplOl 

Heat shock protein 

Arabidopsis 

Decreased thermotolerance in HsplOl -deficient 
(hotl) mutant 

Hong and Vierling (2000) 

HsplOl 

Heat shock protein 

Arabidopsis 

Manipulated themotolerance in transgenic plants 

Queitsch et al. (2000) 

Hspl 7.7 

Heat shock protein 

Carrot 

Increased or decreased thermotolerance 

Malik et al. (1999) 

Hsp70 

Heat-inducible antisense HSP70 

Arabidopsis 

Increased thermotolerance in transgenic plants 

Lee and Schoff (1996) 

P5CR 

Inducible heat shock promoter 
(IHSP) 

Soybean 

Increased proltne accumulation 

De Ronde et al. (2000) 

Genes encoding enzymes that synthesize osmoprotectants 



Adc 

Arginine decarboxylase 

Rice 

Reduced chlorophyll loss under drought stress 

Capell et al. (1998) 

AtHAL3a 

Phosphoprotein phosphatase 

Arabidopsis 

Regulates salinity, osmotic tolerance, and 
plant growth 

Espinosa-Ruiz et al. (1999) 

BADH-1 

Betaine aldehyde dehydrogenase Tomato 

Maintenance of osmotic potential 

Moghaieb et al. (2000) 

betA 

Choline dehydrogenase 
(glycine betaine synthesis) 

Tobacco 

Increased tolerance of salinity stress 

Lilius et al. (1996) 

codA 

Choline oxidase 

Arabidopsis 

Seedlings tolerant of salinity stress and increased 

Hayashi et al. (1997), 


(glycine betaine synthesis) 


germination under cold 

Alia etal. (1998) 

codA 

Choline oxidase 
(glycine betaine synthesis) 

Arabidopsis 

Increased stress tolerance 

Huang et al. (2000) 

IMT1 

Myo-inositol O-methyl transferase Tobacco 

Performed better under drought and salinity stress 

Sheveleva et al. (1997) 


(D-ononitol synthesis) 




mtlD 

Mannitol-1-phosphate dehydro 

Tobacco 

Increased plant height and 

Tarczynski et al. (1993) 


genase (mannitol synthesis) 


fresh weight under salinity stress 


mtlD 


Arabidopsis 

Increased germination under salinity stress 

Thomas et al. (1995) 

otsA 

Trehalose-6-phosphatesynthase 

Tobacco 

Increased dry weight and photosynthetic 

Pilon-smits et al. (1996) 


(trehalose synthesis) 


activity under drought 


otsB 

Trehalose-6-phosphate synthase 

Tobacco 

Increased dry weight and photosynthetic activity 

Pilon-smits et al. (1995) 


(trehalose synthesis) 


under drought 


p5cs 

Pyrroline carboxylate synthetase Tobacco 

Increased biomass production and enhanced flower 

Kavi Kishor et al. (1995) 


(proline synthesis) 


development under salinity stress 



*WU efficiency E = water use 
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Table 3 

Progress in developing transgenic rice with genes conferring abiotic stress tolerance 

Gene Gene action Phenotypic expression Reference 


Adc 

GS2 


pdcl 

HVA1 

OsCDPK7 

TLP-D34 


Arginine decarboxylase 
Choline oxidase (glycine betaine synthesis) 
Chloroplastic glutaminesynthetase 
Pyrr In b >I rathetase 
(proline synthesis) 

Pyruvate decarboxylase 
Group 3 LEA protein gene 
Transcription factor 
Controls amylose synthesis 
Thaumatin-like protein 
(PR-5 member related to osmotin) 


Reduced chlorophyll loss under drought stress 
Increased tolerance of salinity and cold 
Increased salinity resistance and chilling tolerance 
Increased biomass production under drought and 

Increased submergence tolerance 
Increased tolerance of drought and salinity stress 
Increased tolerance of cold, salinity, and drought 
Increased amylose content at low temperature 
Enhanced fungal protection and osmotic adjustment 


Capell et al. (1998) 
Sakamoto et al. (1998) 
Hoshida et al. (2000) 
Zhu et al. (1998) 

Quimio et al. (2000) 

Xu et al. (1996) 

Saijo et al. (2000) 
Hirano and Sano (1998) 
Datta et al. (2000) 


rice expressing the codA gene in the chloroplast and the 
cytosol recovered to normal growth at a faster rate than 
the wild type after an initial growth inhibition under salt 
and low-temperature stress. This study demonstrated 
that the subcellular compartmentalization of the 
biosynthesis of glycine betaine was a critical step in 
attaining enhancement of tolerance for salinity and 
water stress. 


Trehalose-6-phosphate synthetase gene ( TPS1 ) 

Trehalose, an osmoprotectant, non-reducing 
disaccharide, effectively stabilizes dehydrated 
enzymes and lipid membranes in some plants. 
Transgenic tobacco plants containing the yeast 
trehalose-6-phosphate synthetase gene ( TPS1 ) 
producing trehalose exhibited multiple alteration and 
improved drought tolerance (Romero et al. 1997). 
Bacterial trehalose-6-phosphate phosphatase ( OtsB ) 
genes introduced in tobacco showed better growth 
under drought stress (Pilon-Smits et al. 1995). 
Transgenic plants also showed a better capacity to 
retain water and performed more efficient 
photosynthesis under stress. 


Fructans 

Fructans are polyfructose molecules produced by 
many plants and bacteria. About 45,000 plant species 
use fructans as their storage carbohydrates (Hendry 
1993; Pilon-Smits et al. 1995). Fructans promote the 
process of root branching, thus increasing root surface 
and water uptake. Transgenic plants containing the 
sacB gene (producing fructans) showed a higher 
capacity for osmotic adjustment. The additional 
carbohydrates gained may lead to deeper rooting and 
greater water uptake (Sharp et al. 1996; Pilon-Smits et 
al. 1995; Schellenbaum et al. 1999). 


Myo-inositol O-methyl transferase (IMT1) 

Myo-inositol and its stereoisomers can be 
methylated to form a variety of products such as D- 
ononitol and D-pinitol, which resemble similar products 
associated with plants that grow in salt and drought 
conditions (Ishitani et al. 1997). Sheveleva et al. (1997, 
2000) showed that transgenic tobacco plants containing 
the IMT1 gene produced methylated inositol D-ononitol 
and had higher tolerance for drought and salt stresses. 
Transgenic plants also showed efficient photosynthesis 
using higher C0 2 . 

A-' pyrroline-5-carboxylate synthetase 

The potential value of proline accumulation during 
environmental stress has yet to be fully understood. 
Proline accumulation has been demonstrated to be 
associated with abiotic stress (Delauney and Verma, 
1993). Overproduction of proline in transgenic tobacco 
(Kavi Kishor et al. 1995) and in rice with the P5CS (A- 1 
pyrroline-5-carboxylate synthetase) gene enhanced root 
biomass and flower development under water stress 
(Zhu et al. 1998). Further work on transgenic soybean 
plants transformed with the antisense L-A- pyrroline-5- 
carboxylate reductase ( P5CR ) gene showed additional 
evidence that proline accumulation is correlated with 
the tolerance of water stress (De Ronde et al. 2000). 


Mannitol-l-phosphate dehydrogenase (mtlD) 

It is reported that mannitol may play an important 
role in OA and provide enhanced tolerance in response 
to high salinity or water stress. Transgenic tobacco 
plants transformed with E. coli mtlD showed enhanced 
accumulation of mannitol, leading to increased 
tolerance of transgenic plants in response to salinity 
(Tarczynski et al. 1993). Enhanced mannitol 
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biosynthesis in the chloroplast of transgenic plants 
resulted in increased tolerance of oxidative stress (Shen 
et al. 1997). 


Late embryogenesis abundant (LEA) proteins 

Certain plant proteins such as late embryogenesis 
abundant (LEA) proteins accumulate during seed 
desiccation and in response to water stress (Dure, 1993). 
HVA1, a group 3 LEA protein from barley transferred to 
rice (japonica), showed tolerance of water deficit and salt 
stress (Xu et al. 1996). Transgenic rice showed 
enhanced accumulation of the HVA1 protein, which led 
to higher growth rates, delayed stress-related damage 
symptoms, and improved recovery from the removal of 
stress conditions (Xu et al. 1996). Transgenic wheat 
plants containing the HVA1 gene showed constitutive 
expression of the transgene resulting in improvement of 
growth characteristics under water-deficient conditions, 
more biomass, and more efficient water use (Sivamani et 
al. 2000). However, the size of the HVA1 protein found 
in transgenic wheat differed from that of transgenic rice. 
The exact function of the group 3 LEA protein has still 
not been clearly characterized. More studies are needed 
using homozygous transgenic wheat and rice to 
demonstrate the exact function of this protein. 

Oxidative stress-related genes 

Several stresses such as high temperature, high light 
intensity, osmotic stresses, heavy metals, and several 
herbicides, and toxins lead to overproduction of reactive 
oxygen species (ROS), causing extensive cellular 
damage and inhibition of photosynthesis (Allen 1997). 
Plants have evolved systems to combat oxidative stress 
with a battery of gene products that aid in reducing the 
active oxygen species that damage membranes. 
Enzymes such as superoxide dismutase, glutathione 
reductase, glutathione-S-transferase, catalase, glyoxalase, 
etc., are involved in such protective processes. 

Transgenic tobacco plants containing oxidative stress- 
related genes showed elevated levels of glutathione 
reductase, superoxide dismutase, and ascorbate 
peroxidase, resulting in enhanced drought tolerance (Van 
Rensburg and Kruger 1994). However, the results are 
often not correlated with expectations as has been shown 
by Tepperman and Dunsmuir (1990) in transgenic 
tobacco and tomato with the Cu/Zn superoxide dismutase 
(SOD) gene, which failed to show any protection against 
superoxide toxicity. In contrast, constitutively 
overexpressed Mn-SOD in the chloroplast and 
mitochondria reduced cellular damage (Bowler et al. 
1991). Overexpression of Fe-SOD in transgenic tobacco 
plants did not show any tolerance for the salt stress, 


though expressing elevated levels of oxidative stress- 
related enzymes (Van Camp et al. 1996). However, 
Arabidopsis Fe-SOD in transgenic maize under the 35 SP 
of CaMV + chloroplast targeting the transit peptide signal 
from pea Rubisco showed enhanced methyl biologen, 
resulting in higher growth rates at low temperature (Van 
Breusegem et al. 1999). Another report in transgenic 
tobacco containing the Ntl07 gene encoding glutathione- 
S-transferase showed better seedling growth under cold 
and salt stress (Roxas et al. 1997). 


Anaerobiosis/anoxia 

Most plants, including rice, are highly sensitive to 
anoxia during submergence. Submergence caused by 
flooding ranks next to drought as the most serious 
abiotic constraint to rice yields in Asia. During anoxia, 
ATP and NAD are generated not in the Krebs cycle and 
the respiratory chain but via glycolysis and 
fermentation. In this anaerobic pathway, several genes, 
such as alcohol dehydrogenase (adh) and pyruvate 
decarboxylase (pdc), induced during anoxia have been 
cloned and characterized (Bucher and Kuhlemeier, 
1993; Umeda and Uchimiya 1994; Hossain et al. 1996). 

Rice cultivars FR13A and IR42 are known to be 
tolerant and sensitive, respectively, under submergence 
conditions. It has been shown that a few genes 
encoding glucosephosphate isomerase, phospho- 
fructokinase, glyceraldephosphate dehydrogenase, 
enolase, and aldehyde kinase are induced faster in 
FR13A (Umeda and Uchimiya, 1994; Kawai et al. 
1993). Besides adh and pdc the question remains as to 
how many genes govern tolerance of flooding stress. 
The exact answer is not yet known but surely more than 
one is required to solve the problem. Xu and Mackill 
(1996) reported localizing Sub (t) in rice chromosome 9, 
which is associated with variation of the phenotype of 
submergence tolerance. Further study based on tightly 
linked AFLP markers showed that researchers were now 
very close to cloning the gene (Kenong et al. 1997). 

IRRI reported developing transgenic rice with the 
adh and pdc genes in several cultivars (Quimio et al. 
2000). Results on transgenic lines with the adh gene are 
inconclusive. The rice pdcl (reported by Hossain et al. 
1996) gene coding for pyruvate decarboxylase (PDC) is 
one of the enzymes involved in alcohol fermentation. 
The overexpression of the pdc gene was used not only 
to assess the role of alcohol fermentation but also to 
produce lines with enhanced metabolic capacity and 
submergence tolerance. Tillers of confirmed T 0 
transgenic lines showed higher pdc gene activities and 
ethanol production than the untransformed control. 
Consequently, ethanol production of tillers of T 0 
transgenic plants was positively correlated with survival 
after submergence. However, the exact mechanism of 
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the beneficial effects of overexpression of the pdc gene 
requires further metabolic studies. For example, 
overexpression of the pdc may have induced the 
expression of other genes that control the rate of carbon 
flow though the glycolytic and ethanolic fermentation 
pathways under anaerobic conditions. Transgenic lines 
with overexpression of both the adh and pdc genes may 
provide more information regarding the importance or 
validity of the fermentation pathway for inducing 
flooding tolerance (Minhas and Grover 1999). 

Adverse soils 

About 11% of the world's land is currently used for 
cultivation and 24.4% of that is considered as potential 
cultivable or arable land (FAO 1991). Among the 
problems common to tropical regions, probably the 
most important is soil acidity, which constitutes about 
3.95 billion hectares of land including 38% of tropical 
Asia. Nutrient deficiencies (P, Ca, Mg, K, and Fe) and 
acid soils caused by a combination of aluminum and 
manganese toxicity are major constraints to soil fertility 
and crop productivity. Aluminum toxicity problems are 
of enormous importance in the production of rice, 
maize, and sorghum in developing countries of Asia, 
Africa, and Latin America. Aluminum has a clear toxic 
effect on roots, disturbing plant metabolism by 
decreasing water absorption and mineral nutrition. 

Besides aluminum toxicity, some essential elements 
such as P, Ca, Mg, and Fe form complexes with Al, 
resulting in their low availability and non-availability 
for root uptake. Several improved rice cultivars have 
been developed at IRRI that can survive partially under 
these adverse soil conditions (IRRI, 1999). The 
generation of transgenic metal-tolerant tobacco plants 
has been reported (Pan et al. 1994). Mexican scientists 
have developed transgenic rice conferring tolerance of a 
high concentration of aluminum (Conway and 
Toenniessen, 1999). 


Osmotin 

Osmotin is a cationic protein with a pi 2 value of >8.2 
and it accounts for 10% to 12% of total cellular protein 
(Singh et al. 1987). Osmotin synthesis is regulated by 
abscisic acid but its accumulation is affected on 
adjustment of the cells, by NaCl or water stress (Singh 
et al. 1987). Osmotin strongly resembles the sweet 
protein thaumatin in its molecular amino acid 
composition, N-terminal sequence, and the presence of 
a signal peptide on the precursor protein (Singh et al. 
1987). Transgenic rice containing the coding region of 
a thaumatin-like protein (TLP-D34), a member of the 
PR-5 group, has been shown to confer resistance against 


sheath blight disease in rice (Datta et al. 1999). As this 
tip gene has some sequence homologies with the 
osmotin gene, perhaps it would be worthwhile to 
evaluate the tolerance of homozygous transgenic plants 
in response to salinity. 


Adaptation to adverse conditions, higher grain 
filling, and C 4 rice 

It is well known that the ice plant responds to 
drought or salt stress by switching from C 3 to 
crassulacean acid metabolism (CAM), which allows the 
plant to fix CO, at night, thus reducing transpiratory 
water loss. The key enzyme of the C 4 pathway is 
phosphoenolpyruvate carboxylase (PEPc), which, along 
with other enzymes, is regulated by osmotic stress at the 
transcriptional and translation levels (Dhaliwal et al. 
1998). Transgenic C 4 rice has already been reported in a 
model japonica rice background (Ku et al. 1999). 
Transgenic elite indica rice is being developed at IRRI, 
which eventually may address many questions regarding 
the efficient use of C0 2 and water as they are needed 
(Matsuoka et al. 2000; our unpublished data). 
Transgenic rice with the ferritin gene to enhance high 
iron storage can reduce ROS (Deak et al. 1999). We are 
working on developing transgenic adaptive elite 
varieties for comprehensive study. 


Transcriptional activators and regulatory genes 

For details, please see the chapter of Dr. Yamaguchi- 
Shinozaki in this volume. It has been reported (Fig. 4) 
that the dehydration response element (DRE) plays an 
important role in the response to drought stress in 
Arabidopsis (Shinozaki and Yamaguchi-Shinozaki 
2000). It is also involved in low-temperature and 
salinity-related stress. The transcription factor 
DREB1A specifically interacts with DRE and induces 


Low temperature Dehydration 



Fig. 4. Stepwise gene expression in molecular responses to 
dehydration and low temperature. 
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Fig. 5. Transgenic approach to abiotic stress-tolerant rice. 


the expression of stress tolerance genes. Over¬ 
expression of DREB 1A in transgenic Arabidopsis plants 
activated the expression of many of these stress 
tolerance genes and resulted in tolerance of freezing, 
salt loading, and drought (Liu et al. 1998; Kasuga et al. 
1999; Seki et al. 2001; Urao et al. 1998, 2000). In 
collaboration with JIRCAS (Dr. Yamaguchi-Shinozaki's 
group), we are developing transgenic tropical rice with 
the DRE gene (along with rice homologous genes) 
driven by the stress-induced promoter rd29A (Fig. 5). 
Transgenic rice with a regulatory gene, such as the DRE 
gene, may help in understanding cross-talk between 
different stress-signaling pathways and is expected to 
unravel the roadmap of the bioengineering pathway 
leading to abiotic stress tolerance. 
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Abstract 


The overall objective of plant improvement can be defined as the accumulation of the maximum number of favorable alleles involved 
in the expression of target traits in a plant's genome. This task can be achieved through several approaches, including phenotypic and DNA 
marker selection or the introduction of new genes through genetic engineering. Regulation of plant responses to abiotic stresses is 
genetically complex due to the interaction between the environment and the plant genotype. Therefore, the major challenge when using 
genetic engineering for plant improvement of abiotic stress tolerance is to identify the nature and the number of genes that must be 
introduced to have a significant impact on the plant phenotype. Given that the number of genes that could be evaluated is large, the 
efficiency of the transformation system is a key issue. At CIMMYT, after an intensive germplasm screening, a 'Bobwhite' bread wheat line 
was selected for biolistic transformation work based on its transformation efficiency that exceeds 60%. In collaboration with other 
institutes, genes involved in abiotic stress tolerance have been identified and are being introduced into wheat. Our preliminary experiments 
conducted with the DREB1A gene demonstrated that when introduced into wheat, the transformed L plants survived a short and intensive 
water stress at the plantlet stage, while the controls were completely desiccated. The next step is to test these plants under stress conditions 
that correspond more closely to field conditions, where water stress is a very slow and progressive phenomenon. The role of genetic 
engineering as a tool to better understand gene function under water-limited conditions and produce tolerant genotypes is discussed. 


Constraints to breeding for drought conditions 

The reduction in land resources available for 
agriculture is due to loss of land to industrialization, 
urbanization, erosion, declining fertility, salinization, 
compaction, and acidification from fertilizer use. While 
crop yields and the sustainability of cropping systems in 
temperate areas are generally stable, if not improving, 
the opposite is often true for tropical environments, 
where inputs are usually unavailable or uneconomical. 
Both types of environments are affected by the 
destabilizing effects of global warming, which are 
predicted to increase variability in temperatures and 
rainfall (Curry et al. 1995). Nowhere are drought and 
declining fertility more acute than in sub-Saharan 
Africa, where fertilizer use in 1997 was only 15 kg/ha, 


versus 91 kg/ha at the global level (FAO 2000). 

Quantitative estimates of yield losses due to 
individual abiotic stresses are essential for setting 
research priorities and most estimates are based on 
extrapolation from trial data, the frequency of 
occurrence of the stress, and/or expert experience. Like 
most abiotic stresses, drought can induce major changes 
in the growth and development of cultivated crops 
through complex modifications in physiological 
pathways. For example, Subbarao et al. (1995) suggest 
that production could be increased over present levels in 
chickpea, pigeonpea, and groundnut by 49%, 57%, and 
29%, respectively, if water was not a limiting factor. 
Empirical estimates of losses from stress result in "best 
guesses" such as those for maize (Edmeades et al. 
2000), in which water and nutrient deficits are thought 
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to incur the greatest losses. Water deficit is also the most 
important abiotic stress affecting rice production. In the 
Asian uplands, water deficit results in an estimated 
average annual loss of 190 kg/ha, or 17% of production 
(Edmeades et al. 2001). Irrigated rice loses 134 kg/ha 
due to shortages of water, or 9.9 million tons of grain 
annually in Asia alone. These losses are expected to 
increase in the future, as water scarcity in Asia becomes 
more severe. At least 60 million hectares of wheat are 
grown in marginal rainfed environments in developing 
countries. National average yields range from 0.8 to 1.5 
t/ha, approximately 10-50 % of their theoretical 
irrigated potential (Morris et al. 1991). 

Due to its unpredictable nature, breeding for drought 
tolerance is more challenging than for tolerances to 
other abiotic stresses. Selected materials should be 
outstanding not only under water-limited conditions but 
they should also perform well when water is adequate. 
Establishing optimal environments to select for 
improved performance under drought is complicated by 
environmental variation; there is generally only one 
drought-prone season per year in the tropics and 
conventional selection for drought tolerance requires 
careful irrigation management, which is a constraint for 
many breeding programs. In addition, there is clearly a 
yield barrier for any plant and under drought this yield 
barrier is highly related to water supply. Grain 
production requires a plant to support and produce the 
floral structure(s), but without a minimum of water, 
there is little or no plant development. Moreover, the 
global impact of water-limited conditions is not easy to 
evaluate, especially when drought is combined with 
insect or pathogen attack, or with non-optimal soil 
conditions. For example, coastal areas often suffer from 
both salinity and submergence, and acid soils generally 
exhibit P deficiency as well. These limitations make it 
difficult to predict the level of the yield barrier under 
drought conditions. 

Like for other crops, breeding wheat for tolerance to 
water-limited environments is fraught with difficulties as 
the genetic control of drought tolerance is poorly 
understood. Genetic increases in yield over time have 
therefore been significantly lower in the drier wheat 
production environments of the world (Derera et al., 
1982; Sayre et al., 1997). Furthermore, it is often 
difficult to separate genetic improvement in yield from 
increased adoption of moisture conservation practices. 
Most plant breeders, when confronted with the challenge 
of developing cultivars for these environments, have 
opted to select for those traits for which the genetic 
control is clearly understood. They have targeted 
improved root development through the manipulation of 
genes controlling resistance to root pathogens and 
tolerance to miconutrient imbalances (Trethowan and 
Pfeiffer, 2000). The manipulation of plant height and 
flowering time, both under strong genetic control, have 


also allowed breeders to better tailor genotypes to the 
dominant stress patterns found in particular regions 
(Richards et al., 2001). Significant progress has been 
achieved through conventional breeding (Trethowan et 
al., 2001), and the potential for genetic improvement of 
wheat production under drought conditions is still large. 
However, conventional breeding for yield improvement 
remains time-consuming and laborious, because 
carefully managed field conditions are required. In 
addition, there is a decrease in the genetic variance and 
heritability of yield components that parallels an increase 
in environmental stress, thereby inducing some bias for 
selection conducted on plant phenotypes. Although 
challenging, biotechnology approaches that combine 
QTL studies, functional genomics and genetic 
engineering should provide useful information and tools 
to effectively complement conventional selection for 
drought-tolerance improvement. 


The biotechnology approach 

The development of molecular genetics and 
associated technologies has represented a quantum leap 
in our understanding of the underlying genetics of the 
traits sought through plant breeding. The usefulness of 
DNA markers for germplasm characterization, genetic 
dissection of target traits and marker-assisted selection 
has been well demonstrated (for a review, see the 
companion paper, Ribaut et al., in this volume). To date, 
the complete genome of Arabidopsis and rice have been 
sequenced and a large number of ESTs are available in 
public databases for other cereals. At the same time, 
several genes and pathways involved into the expression 
of morphological traits and physiological parameters 
involved in water-stress tolerance have been identified. 
Given this large volume of information, several 
candidate genes putatively involved in drought tolerance 
can be identified in the literature and gene databases 
(Skriver and Mundy 1990, Bray 1993, Ingram and 
Bartels 1996, Bohnert et al. 2000, Seki et al. 2001). The 
candidate genes potentially involved in the plant's 
response under water-limited conditions can be divided 
in three classes: (1) genes for which very strong 
evidence has already has been published, which 
demonstrates their significant role under abiotic stresses 
conditions (Finkelstein and Lynch 2000); (2) genes that 
have been identified as being of interest, but which 
require further evaluation (Liu et al. 1998); and (3) 
those genes that have not been evaluated in a plant, and 
therefore still need to be confirmed under experimental 
conditions (Guiltinan et al. 1990). 

Recent work has shown how different genes can 
provide new clues to understanding stress tolerance in 
plants (Shinozaki and Yamaguchi-Shinozaki 1996, 
Cushman and Bohnert 2000). They actively play a role 
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in the biosynthesis of various osmoprotectants 
(Tarczynski and Bohnert 1993), modification of cell 
membrane structure and sometimes code for enzymes 
that detoxify plant cells. Analyses of the expression of 
dehydration-induced genes have shown that at least four 
independent signal pathways function in response to 
dehydration. Two are abscisic acid (ABA) dependent 
(Abe et al. 1997, Chandler and Robertson 1994), and 
two are ABA-independent. Several stress-induced 
genes, such as rd29A, are induced though the ABA- 
independent pathway. The rd29A gene in particular is 
responsible for dehydration and cold-induced 
expression (Yamaguchi-Shinozaki and Shinozaki 1994). 
Expression of the DREB1A gene, under constitutive 
promoters such as CaMV 35 S, leads to strong increases 
in tolerance to abiotic stresses; however, it also induces 
growth retardation under normal growth conditions (Liu 
et al. 1998), raising concerns about its possible use in 
plant breeding. However, plants produced using the 
stress regulated rd29A promoter demonstrated increased 
tolerance to freezing, salt and water limited stresses, 
without producing changes in the normal phenotype of 
the transformed plants. One way to validate these 
candidate genes is to introduce them into a genotype via 
genetic engineering and test if the plant's tolerance to 
water stress has been improved. This approach has been 
followed at CIMMYT to evaluate and characterize the 
effect of the DREB1A gene under water-limited 
conditions when introduced into wheat germplasm. 


Genetic engineering and evaluation of DREB1A 
containing wheat 

Two plasmids were used in our transformation 
experiments. The plasmid pACH25 contained the gusA 
reporter gene and the bar selectable marker (conferring 
resistance to PPT), with each gene under the control of 
the maize ubiquitin promoter (Chritensen et al., 1992). 
The second construct contained the DREB1A cDNA 
under the control of the rd29 promoter. Immature 
embryos (0.8-1.2 mm) from the wheat variety MPB- 
Bobwhite26, were excised, scutella transferred to an 
osmotic medium (MS plus 15% maltose) and 
dehydrated for 4 hr. Plasmid DNA was precipitated 
onto gold particles as described in several reports 
(Nehra et al. 1994; Vasil et al., 1992). After 
microprojectile-DNA precipitation, the particles were 
washed in 250 pi ethanol and resuspended in 250 pi 
ethanol. For each bombardment, 10 pi of microparticle- 
DNA were placed on the macrocarrier. Over 20 
independent transformation experiments (bombarded 
rings) were conducted at a distance of 5 cm. from the 
stopping plate using a PDS 1000/He microprojectile 


gun (Bio-Rad) with a pressure of 900 ics (inches cm. 
square), as described by Pellegrineschi et al. (2001). 
Eight hours after bombardment, the embryos were 
placed on MS medium (Murashige and Skoog 1962), 
containing 2.5 mg/L 2,4-dichlorophenoxyacetic acid 
(2,4-D), 30 g/L sucrose, and 8 g/L Bacto-Agar for 
somatic embryo induction. Twenty days later, the 
treated embryos were evaluated for somatic embryo 
production and transferred to MS medium (Murashige 
and Skoog 1962) with 5 mg/L phosphinothricin (PPT). 
After 30 days, green regenerating shoots that survived 
the treatment were again transferred to the same 
medium for plantlet development. After 20 days, 
surviving plantlets were transferred to soil and grown 
in a biosafety greenhouse. Twenty days later, when the 
plants were at the 5-6 leaf stage, they were sprayed 
with 0.3% w/v Bast™ herbicide, and the surviving 
plants were selected for molecular characterization 
(PCR and Southern blot analyses). All plants 
containing bar and DREB1A genes were selfed 
pollinated to produced seeds. 

Twenty seeds from T 0 plants that were positive for the 
bar and DREB genes were planted in small square pots (5 
x 5 cm) and grown in CIMMYT's Biosafety Greenhouse 
until the 4-leaf stage. Water-limited conditions were 
generated by withholding water for up to 15 days. These 
conditions were determined by subjecting control plants 
to various periods of water deficit. Withholding water for 
15 days gave the best discrimination. 

After sowing the T t progeny, a retardation of 
germination was observed in the transgenic individuals. 
Control plants started to germinate after 2-3 days, while 
the DREB lines showed irregular germination. After 
germination, no significant differences in plant 
development were observed between the transgenic and 
control lines. At the 4-leaf stage, the plants were subjected 
to water-limited stress by withholding water. The wheat 
lines started to show differences in the wilting of the 
leaves after 10 days without water. Table 1 summarizes 
the water-limited stress development on transgenic and 
control plants. Controls started to show water-limited 
symptoms (loss of turgor and bleaching of the leaves) 
after 10 days of stress, and severe symptoms (e.g., 
senescence of all leaf tissue) were evident in the control 
samples after 15 days without water, while the transgenic 
plants either showed no or reduced symptoms (Fig. 1). 
These preliminary results suggest that the rd26::DREBlA 
gene has a general effect on tolerance to water-limited 
conditions. Whether this tolerance is attributable to 
reduced evapotranspiration of the transgenic plants or 
differential regulation of the water status in the cell (e.g., 
osmotic adjustment) clearly needs to be determined 
through future physiological measurements on both the 
control and the transgenic plants. 
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Table 1 

Phenotypes of control and transgenic lines under water stress 
conditions 

Genotype Phenotype observed Phenotype observed Phenotype observed 
after 5 days after 10 days after 15 days 

withholding water withholding water withholding water 

Transgenic Normal Plants showing bleaching. Plants showing reduced 

leaves, some leaves dead. 


Control Normal Old leaves bleached, loss All plants dead. 



Fig. 1. rd29::ADREBlA plants and control plants after 15 days 
drought stress. The stress treatment was performed as described 
in the text. After the stress treatment, the controls were placed in 
the same tray to show the different responses to the stress with 
respect to the transgenic plants. 


The next characterization phase 

Like in other studies reporting gene characterization 
under abiotic stresses (e.g.. Shannon 1998, Liu et al. 
1998, de la Fuente-Martinez and Herrera-Estrella 1999, 
Kasuga et al. 1999) our phenotypic evaluation at the Tj 
stage has been designed to test the survival of different 
genotypes at the plantlet stage. Although it has been 
noted that traits that enhance survival have greater 
relative value when the crop is young, our focus at 
CIMMYT is to test the general mechanisms by which 
crop plants cope with stress and identify genes that 
favor productivity rather than survival. In this regard, 
the experiments described in this paper for testing the 
rd29DREBlA gene in T plants represent only the first 
step of our study. In the next generation (T 2 ), promising 
transformed wheat plants selected from T! families will 
be grown in large pots. The strategy will be to flood the 
pots when the plants are at the 4-5 leaf stage and then 
stop irrigation for the following two months. These 
experimental conditions should mimic, to some extent, 
stress conditions in the field by inducing a "long-term" 
stress, while the large soil capacity of the pots should 


provide sufficient water for the most adapted 
genotypes to survive. This is a key validation step to 
test the impact of a transgene on plant performance 
under target conditions. Concomitant with this 
phenotypic testing, leaf tissue from the plants will be 
harvested at different stages of the stress to determine 
their relative water content, osmotic adjustment, and 
ABA content. This should help us better understand the 
effect of the transgene at the physiological level. In 
addition, the expression of the DREB1A gene will be 
characterized for the different families. Finally, to 
further understand the role of the DREB genes in 
drought tolerance, two different "rice versions" 
(OsDREBlA and OsDREBIB) will be evaluated, 
following the same protocol as for the AtDREBlA. 
These genes will be tested for their performance with 
stress-specific and constitutive promoters. 

It is generally accepted that independent metabolic 
pathways control tolerance to different abiotic stresses 
in wheat. Therefore, improvement in tolerance to one 
stress does not necessarily lead to improvement in 
tolerance to secondary stresses (Gusta and Chen, 1987). 
However, due to spillover effects, improved field 
performance of a transgenic plant selected for drought 
tolerance might be expected under various abiotic stress 
(e.g., heat stress, salinity stress, or low nitrogen 
fertility). For that reason, the DREB transgenic wheat 
plants will be evaluated under diverse stress conditions 
in the field. 


Conclusions 

Continued genetic progress in cultivar development 
for dry regions will depend upon a number of factors. 
First, the prevailing stresses, other than moisture 
availability, must be better understood. Second, our 
understanding of the genetic control of drought 
tolerance needs to be improved. Third, the selection 
methods used to screen for drought tolerance must be 
refined, and finally, new genetic variability for 
improved water-use efficiency must be found and 
exploited. Considering the limitations imposed by 
phenotypic selection, alternatives that take advantage of 
the explosion of new molecular technologies such as, 
functional genomics and genetic engineering, should be 
explored to efficiently complement phenotypic 
selection. Within this broad scope, genetic engineering 
is undoubtedly a very suitable approach to (1) confirm a 
gene's function in planta, (2) improve germplasm 
performance by introducing a new gene and/or changing 
the gene expression with suitable promoters, and (3) 
identify new genotypes by screening plants transformed 
with a large number of candidate genes under different 
stress conditions. Considering the complexity of abiotic 
stresses that vary in intensity and timing of the stress, 
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the introduction of one or a few genes may have only 
limited impact on productivity under abiotic stress 
conditions. However, it can be reasonably proposed that 
a genotype that performs well under a wide spectrum of 
stress intensities might combine properly-regulated 
transgenes with elite alleles at key genes, which have 
been selected through the use of DNA markers. 

References 

Abe H., Yamaguchi-Shinozaki K., Urao T., Iwasaki, T., 
Hosokawa D., Shinozaki K. 1997. Role of Arabidopsis 
MYC and MYB homologs in drought- and abscisic acid- 
regulated gene expression. Plant Cell 9: 1859-1868. 

Bohnert, H., Fischer, R., Kawasaki, S., Michalowski, C., Wang, 
H., Yale, J. and Zepeda, G. 2000. Cataloging stress-inducible 
genes and pathways leading to stress tolerance. In: Ribaut, 
J.-M. and Poland, D. (eds.) Molecular Approaches for the 
Genetic Improvement of Cereals for Stable Production in 
Water-Limited Environments. A Strategic Planning 
Workshop held at CIMMYT, El Batan, Mexico, 21-25 June 
1999, CIMMYT, Mexico, D.F., Mexico, pp. 156-161. 

Bray, E.A. 1993. Molecular response to water deficit. Plant 
Physiologist 103: 1035-1040. 

Chandler, P.M. and Robertson, M. 1994. Gene expression 
regulated by abscisic acid and its relation to stress tolerance. 
Annu. Rev. Plant Physiol. Plant Mol. Biol. 45: 113-141. 
Chritensen, A.H., Sharrock, R.A. and Quail, P.H. 1992. Maize 
polyubiquitin genes: genes, structure, thermal perturbation 
of expression and transcript splicing, and promoter activity 
following transfer to protoplast by electroporation. Plant 
Mol. Biol. 18: 675-689. 

Curry, R.B., Jones, J.W., Boote, K.J., Peart, R.M., Allen, L.H. and 
Pickering, N.G. 1995. Response of soybean to predicted 
climate change in the USA. In: Climate Change and 
Agriculture: Analysis of Potential International Impacts. ASA 
Special Publication No. 59. ASA, Madison, WI, pp. 163-182. 
Cushman, J.C. and Bohnert, H. 2000. Genomic approaches to 
plant stress tolerance. Curr. Opin. in Plant Biol. 3, 117-124. 
Derera, N.F., G.M. Bhatt, and Ellison, F.W.. 1982. Two decades 
of wheat improvement work at Narrabri. J. Aust. Inst. Agric. 
Sci. 48: 131-140. 

De la Fuente-Martinez, J. M. and Herrera-Estrella, L. 1999. 
Advances in the understanding of aluminum toxicity and the 
development of aluminum-tolerant transgenic plants. 
Advances in Agronomy 66, 103-120. 

Edmeades, G.O., Bolanos, J., Elings, A., Ribaut, J.-M., Banziger, 
M. and Westgate, M.E. 2000 The role and regulation of the 
anthesis-silking interval in maize. In: Westgate, M.E. and 
Boote, K.J. (eds) Physiology and Modeling Kernel Set in 
Maize. CSSA Special Publication No. 29. CSSA, Madison, 
WI, pp. 43-73. 

Edmeades, G.O., Cooper, M., Lafitte, R., Zinselmeier, C., Ribaut, 
J.-M., Habben, J.E., Loffler, C. and Banziger, M. 2001. 
Abiotic stresses and staple crops. In: J. Nosberger, H.H. 


Geiger, and P.C. Struik (eds). Crop Science: Progress and 
Prospects. Proceedings of the Third International Crops 
Science Congress, 17-21 August, 2000. CABI, Wallingford, 
UK. (in press). 

FAO. 2000. FAOStat Database - Agricultural production 
http://apps.fao.org. 

Finkelstein, R.R. and Lynch, TJ. 2000. The Arabidopsis abscisic 
acid response gene ABI5 encodes a basic leucine zipper 
transcription factor. Plant Cell 12: 599-610. 

Guiltinan, M.J., Marcotte, W.R. Jr., Quatrano, R.S. 1990. A plant 
leucine zipper protein that recognizes an abscisic acid 
response element. Science 250(4978): 267-271. 

Gusta, L.V. and Chen, T.H.H. 1987. The physiology of water and 
temperature stress. In: Wheat and Wheat Improvement, ed. 
E.G. Heyne. 2 nd ed. Madison, Wisconsin, pp. 115-150. 

Ingram, J. and Bartels, D. 1996. The molecular basis of 
dehydration tolerance in plants. Annual Review Plant 
Physiology Plant Molecular Biology 47:377-403. 

Kasuga, M., Liu, Q., Miura, S., Yamaguchi-Shinozaki, K. and 
Shinozaki, K. 1999. Improving plant drought, salt, and 
freezing tolerance by gene transfer of a single stress- 
inducible transcriptor factor. Nature Biotech. 17:287-291. 

Liu, Q., M. Kasuga, Y. Sakuma, H. Abe, S. Miura, K. 
Yamaguchi-Shinozaki and Shinozaki, K. 1998. Two 
transcription factors, DREB1 and DREB2, with an 
EREBP/AP2 DNA binding domain separate two cellular 
signal transduction pathways in drought- and low- 
temperature-responsive gene expression, respectively, in 
Arabidopsis. Plant Cell 10:1391-1406. 

Morris, M.L., Belaid, A. and Byerlee, D. 1991. Wheat and barley 
production in rainfed marginal environments of the 
developing world. Part 1 of 1990-91 CIMMYT World 
Wheat Factors and Trends. CIMMYT, Mexico, D.F. 

Murashige, T. and Skoog, F. 1962. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. Physiol. 
Plant. 15:473-497. 

Nehra, N„ Chibbar, R.N., Leung, N„ Caswell, K„ Mallard, C„ 
Steinhauer, L., Baga, M., and Kartha, K.K. 1994. Self fertile 
transgenic wheat plants regenerated from isolated scutellar 
tissues following microprojectile bombardment with two 
distinct gene constructs. The Plant Journal 5:285-297. 

Pellegrineschi, A., McLean, S., Salgado, M., Velazquez, L., 
Hernandez, R., Brito, R.M., Noguera, M., Medhurst, A. and 
Hoisington, D. 2001. Transgenic wheat plants: a powerful 
breeding source. Euphytica 119:133-136. 

Richards, R.A., Condon, A.G., and Rebestzke, GJ. 2001. Traits 
to improve yield in dry environments. In 'Application of 
Physiology in Wheat Breeding' Chapter 7: 88-100. 
Reynolds, M.P., J.I. Ortiz-Monasterio and A.McNab (eds). 
Mexico, D.F.: CIMMYT. 

Sayre, K.D., Rajaram, S. and Fischer, R.A. 1997. Yield potential 
progress in short bread wheats in northwest Mexico. Crop 
Sci. 37:36-42. 

Seki, M., Narusaka, M., Abe, H., Kasuga, M., Yamaguchi- 
Shinozaki, K., Caminci P., Hayashizaki, Y. and Shinozaki, 
K. 2001. Monitoring the expression pattern of 1300 


-59- 



J.-M. Ribaut / JIRCAS Working Report (2002) 55-60 


arabidopsis genes under drought and cold stresses by using a 
full-length cDNA microarray. The Plant Cell 13: 61-72. 

Shannon, M.C. 1998. Adaptation of plants to salinity. Advances 
in Agronomy 60, 75-120. 

Shinozaki, K. and Yamaguchi-Shinozaki, K. 1996. Molecular 
responses to drought and cold stress. Curr. Opin. Biotech. 
7:161-167. 

Skriver, K. and Mundy, J. 1990. Gene expression in response to 
abscisic acid and osmotic stress. Plant Cell 2:503-512. 

Subbarao, G.V., Johansen, C., Slinkard, A.E., Nageswara Rao, 
R.C., Saxena, N.P. and Chauhan, N.P. 1995. Strategies for 
improving drought resistance in grain legumes. Critical 
Reviews in Plant Science 14:469-523. 

Tarczynski, M. and Bohnert, H. 1993. Stress protection of 
transgenic tobacco by production of osmolyte mannitol. 
Science 259:508-510. 

Trethowan, R.M. and Pfieffer, W.H. 2000. Challenges and Future 
Strategies in Breeding Wheat for Adaptation to Drought 


Stressed Environments: A CIMMYT Wheat Program 
Perspective. In 'Molecular Approaches for the Genetic 
Improvement of Cereals for Stable Production in Water- 
Limited Environments' pp. 45-48. Ribaut, J.M, and D. 
Poland (eds.). A Strategic Planning Workshop held at 
CIMMYT El Batan, Mexico, 21-25 June 1999. Mexico 
D.F.: CIMMYT. 

Trethowan, R.M., Crossa, J., Ginkel, M. and Rajaram,. S. 2001. 
Relationships among bread wheat international yield testing 
locations in dry areas. Crop Sci. 41:1475-1469. 

Vasil, V., Castillo, A. M„ Fromm, M. E. and Vasil, I. K. 1992. 
Herbicide resistant fertile transgenic wheat plants obtained 
by microprojectile bombardment of regenerable 
embryogenic callus. Bio/Technology 10:667-674. 

Yamaguchi-Shinozaki, K. and Shinozaki K. 1993. A Novel ex¬ 
acting element in an arabidopsis gene is involved in 
responsiveness to drought, low-temperature, or high-salt 
stress. The Plant Cell, 6: 251-264. 


-60- 



JIRCAS Working Report (2002) 61-73 


Recent developments in transgenics for abiotic stress in 
legumes of the semi-arid tropics 


Kiran K. Sharma and M. Lavanya 

Genetic Transformation Laboratory 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 
Patancheru, Andhra Pradesh 502 324, India. 


Abstract 


The semi-arid tropics (SAT) are characterized by unpredictable weather, limited and erratic rainfall and nutrient poor soils and suffer 
from a host of agricultural constraints. Several biotic and abiotic stresses affect crop productivity. Mandated crops of ICRISAT that 
include groundnut, pigeonpea, chickpea, sorghum, and pearl millet are the main staple foods for nearly one billion people in the SAT. 
Judicious application of biotechnological tools holds great potential in alleviating some of the major constraints to productivity of these 
crops. Gains in crop productivity through research advances in genetic enhancement will help to achieve sustainable food security, 
poverty alleviation, and environmental protection in the SAT. ICRISAT has a commitment to transfer the benefits of plant biotechnology 
to the developing world, as genes relevant to their crops and environment become available. Genetic transformation provides a 
complimentary means for the genetic betterment of the genome of these crops. Therefore, the research in transgenic crops offers a new 
means to achieve ICRISAT's mission, i.e., applying science to improve agriculture in areas of the world where sub-optimal rainfall and 
biotic stresses are the major constraints for crop productivity. In this pursuit, efficient protocols for the genetic transformation of the 
important legumes of the SAT including groundnut, pigeonpea and chickpea have recently been developed at ICRISAT. More recently, 
in collaboration with our partners, we have initiated work on the development of transgenic plants for major abiotic stresses that include 
drought, salinity and low temperatures. Several gene transfer approaches have been shown to improve the stress tolerance of crop plants. 
The transferred genes include those encoding for enzymes required for the biosynthesis of various osmoprotectants, or those encoding 
enzymes for modifying membrane lipids, LEA proteins, detoxification enzyme, and stress-inducible transcription factors have been 
demonstrated to have great potential. This paper reviews the current status of transformation technology for the genetic improvement of 
legumes of the SAT and it's possible application for developing transgenic plants with enhanced tolerance/resistance to abiotic stresses. 

Keywords: Abiotic stress; chickpea; drought; groundnut; pigeonpea; semi-arid tropics; transgenic plants 


Introduction 

Abiotic stresses like drought, low temperature, and 
high salinity are environmental factors that dramatically 
limit plant growth and crop productivity (Boyer, 1982). 
It has been estimated that 10% of the arable land can be 
classified under the non-stress category, which implies 
that the crops grown under the 90% of arable land 
experience different environmental stresses, singly or in 
combination. The prediction is that the water deficits 
will continue to be the major single abiotic factor likely 
to affect crop yields globally. 


The semi-arid tropics (SAT) are prone to hot 
summers and erratic rainfall having the season length of 
less than 100 days (Virmani and Singh, 1986). 
Agriculture in these environments means growing 
marginal crops on marginal lands with marginal 
resources. The productivity of crops in these regions is 
severely affected by drought besides several biotic 
constraints (Sharma and Ortiz, 2000). Some of the 
most important crops of this region include groundnut, 
chickpea, pigeonpea, sorghum, and pearl millet that are 
the mandated crops of ICRISAT and are the main staple 
food for nearly one billion people in the SAT. Amongst 
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these groundnut, chickpea and pigeonpea are legumes 
that are significant groups of agriculturally important 
crops and have been the subject of widespread efforts to 
improve desirable traits. Though, quantitative estimates 
of yield losses due to drought in tropics are scarce and 
imprecise, according to some predictions (Subbarao et 
al., 1995), the productivity could be increased over the 
present levels in groundnut, chickpea and pigeonpea by 
29%, 49%, and 57% respectively, if water was not 
limiting. However, in rainfed agriculture, there seem to 
be very few options to increase the area under irrigation 
and the only option is to improve the realizable yields 
under water deficit conditions. Although drought 
management has been an option to increase realizable 
yields, it is now increasingly being realized that the 
genetic improvement of drought tolerance is more 
rewarding (Udaya Kumar et al., 1998; Saxena, 2001). 
The seed-based technology seems to be easier to 
transfer to farmers than the more complex knowledge- 
based agronomic practices. As irrigation water sources 
become more scarce, development of crop cultivars 
with improved adaptation to drought is a major goal in 
many crop breeding programmes. Although, in the last 
two decades very encouraging progress has been made 
in assessing the stress responses of several plants 
(Blum, 1985; Boyer, 1996; Ludlow, 1993; Edmeades et 
al., 1996), the progress in developing genotypes with 
enhanced tolerance to abiotic stress has been very slow. 
Due to the complexity in the physiological, 
biochemical, and genetic traits involved in drought 
tolerance, an imperfect understanding of nature of 
drought, and using yield as an empirical selection 
criteria, no single strategy may suffice to develop stress 
tolerant genotypes. It has been recognized that genetic 
improvement is one of the major components of an 
integrated approach to stabilizing and improving crop 
production in drought environments (Subbarao et al., 
1995). New tool of biotechnology offer impressive 
options to supplement the ongoing efforts on 
developing genetically enhanced germplasm for 
achieving sustainable food production in the SAT. 
Drought tolerance breeding might be facilitated by 
marker-assisted selection in the near future based on the 
development of molecular linkage maps for crop 
species (Ribaut et al., 1996, 1997; Nguyen et al., 1997; 
Zhang et al., 1999; Forster et al., 2000). In addition to 
classical and molecular breeding approaches (see Fig. 
1), genetic transformation to introduce novel genes into 
plants for better tolerance to water deficit offers an 
attractive option (Tarczynski et al., 1993; Pilon-Smits et 
al., 1995; Xu et al., 1996; Sivamani et al., 2000). In 
fact, the genetic engineering approaches have been 
shown to be relatively fast and precise means of 
achieving improved stress tolerance (Hanson and 
Burnet, 1994; Bohnert and Jensen, 1996; Bohnert and 
Shen, 1999; Kasuga et al., 1999). 


Biotech Approaches for enhancing drought tolerance 



Fig. 1. A schematic representation of an integrated approach 
employing biotechnological tools and traditional plant breeding 
to develop abiotic stress tolerant crops. 


Drought as a major abiotic constraint to productivity 
of legumes in the SAT 

Drought though a broad term can be defined as a 
meteorological event which implies the absence of 
rainfall for a period of time long enough to cause 
moisture depletion in soil and water deficit with a 
decrease of water potential in plant tissues (Kramer, 
1980). It prevents the crops from reaching the 
determined and expected yield and drastically lowers 
the production thus affecting the economy of a country. 
In an agronomic sense, drought stress has been defined 
as a reduction in grain yield attributable to plant water 
deficit (Subbarao et al., 1995). Further, the grain 
legumes dependent on current rainfall are prone to 
intermittent drought stress during the vegetative or 
reproductive growth period; the crop recovery from the 
drought is determined by subsequent rainfall. Terminal 
drought stress, which occurs during the pod-filling 
phase of crops, is common and a major yield reducer for 
crops growing with current rainfall (Nageshwara Rao et 
al., 1985a,b). This is even more critical for crops grown 
during a post-rainy season and reliant on stored soil 
moisture. Groundnut, chickpea, and pigeonpea that are 
major crops in SAT are very sensitive to high 
temperatures and water deficits during the flowering 
stage and seed/pod development stage resulting in 
heavy loss to productivity. 

Groundnut. Groundnut (Arachis hypogaea L.) is a 
major oilseed legume native to south America and 
forms an important legume in Asia and Africa. It is 
mainly grown under rainfed, irrigated, and residual 
moisture conditions. The crop is cultivated on 24.8 
million hectares with an average productivity of 1.32 f ha . 
About 93.8% of the world's production of groundnut is 
grown by resource-poor, small farmers in 96.9% of 
world's groundnut area in developing countries where 
scanty and unseasonal and unpredicatable rainfall is 
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observed (Nageshwara Rao and Nigam, 2001). Asia 
accounts for 66.5% groundnut production on 56.8% 
area while Africa produces 24.7% on 38% area 
subjected to groundnut production. This also accounts 
for low average yields of 0.86 1 Tia in Africa and 1.55 t" ha 
in Asia as opposed to 2.5 f ha in developed countries 
despite the potential to produce 10 t" ha . Poor yields in 
these countries is mainly due to the biotic and abiotic 
constraints like erratic rainfall, low residual moisture, 
lack of high yielding adapted cultivars, damage by pests 
and diseases, poor agronomic practices, and limited use 
of inputs (Nageshwara Rao and Nigam, 2001). In the 
event of end-of-season drought, which is common under 
rainfed and residual moisture conditions, the produce 
becomes vulnerable to aflatoxin contamination. The 
loss due to biotic factors that include various diseases 
caused by fungal pathogens, viruses, bacteria and 
nematodes is estimated to be US $2 billion. (Sharma et 
al., 2001). Yield losses due to drought are highly 
variable in nature depending on timing, intensity, and 
duration coupled with other location-specific 
environmental stress factors such as high irradiance and 
temperature. An annual estimated loss in groundnut 
production equivalent to over US$520 million are 
caused by drought. According to Johansen and Nigam 
(1994), almost half of it (US$208 million) can be 
recovered through genetic enhancement for drought 
resistance with a benefitxost ratio of 5:2. 

Drought affects the calcium uptake by pods and 
nitrogen fixation in groundnut where the photosynthesis 
is also reduced. When the crop reaches the harvesting 
stage there is the possibility of high contamination of 
the seeds with aflatoxins which makes the seeds toxic 
and unfit for consumption by both humans and 
livestock. It has been suggested by Freeman et al. 
(1999) that in the medium-term groundnut production 
and consumption is likely to shift increasingly to 
developing countries; production will grow in all 
regions but most rapidly in Asia, slowly in sub-Saharan 
Africa, and decline in Latin America; and there would 
be a shift in the utilization of groundnut products from 
oil to confectionery products suggesting an urgent need 
and shift in research for exploring the available genetic 
resources for their traits to tolerate drought. 

Chickpea. Chickpea (Cicer arietinum L.) is the 
world's second most important pulse crop that is 
cultivated in more than 41 countries covering more than 
11 million hectares of land and producing around 8 
million tons of high protein food grain (FAO, 1999). 
The mean protein content of chickpea is about 24% that 
serves as an important source of dietary nutrition to 
poor of the SAT. It also has tremendous beneficial 
effects on increasing the productivity of succeeding 
crops in rotation besides enhancing the sustainability 
and productivity of production systems (Kumar Rao et 
al., 1998). 


It is predominantly a rainfed crop grown after the 
end of the rains in south Asia and eastern Africa. This 
makes the crop to complete its life cycle on stored and 
receding soil moisture where it is exposed to increasing 
drought (Saxena, 2001). Despite having the yield 
potential of 5 t "ha, the average yield is only about 0.8 t 
"ha due to poor management practices and diseases. The 
yield losses across the SAT and the west Asia and north 
Africa (WANA) regions range from 40-60%. Global 
yield losses due to drought in chickpea are estimated to 
be around 3.7 million t and around 2.1 million t of these 
can be recovered through crop improvement efforts 
(Johansen et al., 1993). The yield losses in chickpea 
can be completely overcome with irrigation. Although 
some of the drought effects can be alleviated through 
agronomic and genetic options that do not involve 
external input of irrigation, these options can be only 
partial solution to this problem since the yield will 
always be lower than what can be achieved with 
irrigation (Saxena, 2001). It was shown that the yield 
gap between the most drought tolerant variety ICC 4958 
and many other varieties with irrigation was large where 
the yield of ICC 4958 was only 30% of the potential, 
irrigated yield of most of the varieties. Conventional 
plant breeding techniques to upgrade the quality of the 
variety to tolerate drought have not been successful in 
chickpea due to the unavailability of appropriate 
methods to screen and breed varieties tolerant to 
drought, and also the appropriate selection tools to 
select the tolerant varieties. 

Pigeonpea. Pigeonpea [Cajanus cajan L. (Millsp.)] 
is an important grain legume crop of the SAT that has 
ability to withstand drought conditions to produce grain 
of high protein concentration and biomass products such 
as fuel wood and fodder (Nene et al., 1990). It ranks 
sixth in area and production in comparison to other 
legumes of developing countries. It is widely grown in 
India mainly by resource-poor farmers accounting for 
90% of the world production. Other regions where 
pigeonpea is grown are south east Asia, Asia, Africa, 
and the Americas. Its seed has approximately 21% of 
the protein content and is known as poor man's meat. 
The crop is usually grown under rainfed conditions 
where intermittent and terminal drought stress are 
frequent. It can be exposed to intermittent drought 
stress during dry periods of the normal rainy season and 
to terminal drought stress in the postrainy season. In 
recent years, the advent of shorter duration genotypes 
has widened the scope of pigeonpea cultivation in 
various, non-traditional cropping systems (Nam et al., 
1993, 2000). Pigeonpea has an excellent deep and 
lateral rooted system that makes it salinity and alkalinity 
tolerant crop. Despite having such stress-tolerant traits 
in it, the yield and the productivity of pigeonpea, 
however, is very poor mainly due to the poor crop 
resource management (Lawn and Troedson, 1990). 
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While the traditional long duration pigeonpea can 
survive periods of drought stress during its growth 
cycle, the challenge is to improve the ability of the plant 
to produce under drought conditions. Studies in which 
irrigation has been given during the reproductive phase 
indicate that terminal drought usually reduces grain 
yield of landraces growing in their usual environment 
(Chauhan et al., 1992). A thorough characterization of 
the drought environments where pigeonpea is grown has 
not been adequately done so as to enable proper 
targeting of drought resistance traits (Johansen, 2001). 
There has been as yet no concerted breeding effort to 
enhance drought resistance of this crop due to the 
allocation of resources to other constraints like 
development of resistance to an important insect pest, 
Helicoverpa armigera. 

Strategies to combat drought 

Drought tolerance in plants is a complex trait and is 
mediated by many environmental adaptations that may 
involve many genes (Bohnert et al., 1995). A single 
strategy cannot confer drought tolerance in these plants. 
The problem of drought can best be tackled following a 
holistic approach integrating genetic resistance for 
drought, matching of genotypes to environments, and 
cultural methods that lead to better conservation and 
utilization of soil moisture. Further, efforts involving 
conventional and biotechnological approaches (see 
Figure 1) for genetic enhancement can certainly promise 
to induce and enhance the required drought tolerance in 
these important crop plants of SAT. 

Conventional Approaches 

a. Agronomic management options 

Various aspects like providing supplementary 
irrigation, timing, method and intensity of irrigation 
would effect the yield of the crop (Wright and 
Nageshwara Rao 1994). Since in legumes the pod 
filling stage is very sensitive to drought, tackling the 
crop at such stage with proper care would increase the 
yield. The pod yield in groundnut can be increased by 
13-19% if the crop is irrigated adequately during the 
pre-flowering phase (Nageshwara Rao et al., 1985b). 
The adaptive response of groundnut to drought can also 
be increased by exposing the crop to short duration 
drought during the vegetative phase which may enhance 
the root development and reduce transpirational losses 
by limiting the leaf area development allowing the plant 
to utilize the soil moisture from the deeper soil profile. 
This would reduce the impact of the second drought at 
the seedling stage by carefully selecting the cultivar, 
manipulating the sowing date, matching the water 
availability in the soil and intercropping with other 


crops can enhance the productivity and can ameliorate 
the severe effects of drought on groundnut productivity. 

In chickpea too similar practices would have a 
positive impact on the crop productivity. However, 
being a post rainy crop and more sensitive to drought 
than groundnut few other simple input management 
options like improving the plant stand by timely sowing, 
using the high quality seeds, sowing the seed at soil 
depths so that it utilizes available soil moisture from the 
deeper regions of the soil profile, and seed dressing with 
fungicide which would increase the stability of plant 
stand per unit area (Saxena, 2001). Generally, sowing is 
done in surface layers where there is not adequate soil 
moisture after preparatory land cultivation. Advancing 
planting dates into autumn instead of traditional spring 
planting in WANA, and coinciding with late summer 
rains in south Asia and east Africa with disease tolerant 
varieties would allow plant to access to additional water 
concurrent with rainfall. Since the temperatures are low 
and evaporation is less during that rainy period, the 
evapotranspirational loss of water is reduced. 

b. Plant breeding 

In conjunction with the agronomic management, 
genetic management options in these crops can prove to 
be a better long-term strategy to improve the yield and 
performance of the crop in water limited and drought 
prone regions. At ICRISAT, genetic management 
approaches like developing short duration genotypes 
that can escape end-of-season drought, has resulted in 
23% to 411% superior pod yield over the control 
varieties of groundnut (Nageshwara Rao and Nigam, 
2001). Selecting the genotypes based on their fit to the 
historical weather and soil data of target location can 
also improve the overall efficiency of the crop. 
Alternatively genotypes which thrive well under limited 
moisture conditions show 12% to 144% pod yield 
superiority (see Nageshwara Rao and Nigam, 2001). 
Screening groundnut genotypes for better vegetative 
growth and pod yield under severe end-of-season and 
mid season drought has been an option. Genotypic 
variation for deep root system (Ketering 1984; Wright et 
al., 1991; Wright and Nageshwara Rao 1994), genotypes 
with lower mean SLA (surface leaf area) which have 
higher transcription efficiency has also been observed 
(Nageshwara Rao and Wright, 1994). Another way is to 
evaluate wild species for physiological traits associated 
with drought and aflatoxin resistance and identify 
suitable DNA markers for drought resistance gene[s] for 
use in inter-specific breeding to develop drought 
resistant lines (Nageshwara Rao and Nigam, 2001). 

Conventional plant breeding with better agricultural 
management practices described above can promise to 
improve drought tolerance in the legume crops, however 
the major draw back of such conventional methods is 
that the available drought tolerant traits in the natural 
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system may not be readily amenable for breeding 
strategies due to species barrier and also the lacking of 
proper methods and techniques for screening the 
drought tolerant traits in the segregating populations 
thus obtained. 

Biotechnological Approaches 

Plant biotechnology offers new ideas and techniques 
applicable to agriculture. It uses the conceptual 
framework and technical approaches of plant tissue 
culture and molecular biology to develop commercial 
processes and products. These techniques enable the 
selection of successful genotypes, better isolation and 
cloning of favourable traits, and the creation of 
transgenic crops of importance to agriculture. This 
ability has moved agriculture from a resource-based to a 
science-based industry (Sharma and Ortiz, 2000). 
Together, these generic techniques are both an extension 
and an integral part of classical breeding, contributing 
successfully to shortening breeding and selection cycles 
(see Sharma et al., 2002). New bio-techniques, in 
addition to conventional plant breeding, are necessary to 
boost yields of the crops that feed the world (Borlaug, 
1997), thereby contributing to food security by helping 
to promote sustainable agriculture centered on small¬ 
holder farmers in developing countries (Serageldin, 
1999; Sharma and Ortiz, 2000). Although more 
difficult to control and engineer than the usually 
monogenic traits of resistance to biotic stresses, the 
genetically complex response to abiotic stress is 
globally and regionally far more important. Judicious 
application of biotechnological tools holds great 
potential in alleviating some of the major constraints to 
productivity of crops grown in the SAT. Schematic 
representation of the application of tools of 
biotechnology to address complex issues in agriculture 
such as drought stress is shown in Figure 1. 

a. Molecular markers and marker-assisted selection 

Many of the agronomic traits in plants are 
quantitative in nature. The process of domestication and 
selection have resulted in a drastic narrowing of the 
genetic variation of crop species (Tanksley and 
McCouch, 1997). The genetic/ physiology interaction 
provides a potential means of identifying candidate 
genes/ mechanisms (Forster et al., 2000). It is possible 
to identify and map the factors controlling characters as 
intransigent as yield (Thoday, 1961). Few loci in crops 
and their allelic forms account for a significant genetic 
variation in traits. Such loci can be mapped using 
molecular markers based on random amplified 
polymorphic DNA (RAPD), restriction fragment length 
polymorphism (RFLP), amplified fragment length 
polymorphism (AFLP), DNA amplification 
polymorphism (DAF), sequence characterized amplified 


regions (SCAR's), sequence-tagged sites (STS), 
expressed sequence tags (EST's), and amplicon length 
polymorphisms (ALPs) as long as polymorphism is 
observed in the segregating populations, the molecular 
marker is tightly linked to the trait of interest, and the 
phenotypic information on the population is available. 
Molecular markers have several advantages over the 
traditional phenotypic markers that were previously 
available to plant breeders. They offer great scope for 
improving the efficiency of conventional plant breeding 
by carrying out selection not directly on the trait of 
interest but on molecular markers linked to that trait. 
Moreover, these markers are not environmentally 
regulated and are, therefore, unaffected by the 
conditions in which the plants are grown and are 
detectable in all stages of plant growth (Mohan et 
al., 1997). 

Although polymorphic variation in DNA has been 
detected in groundnut germplasm, the levels of genetic 
polymorphism have been very low (Bhagwat et al., 
1997; He and Prakash, 1997; Hopkins et al., 1999; 
Subramanian et al., 2000). However, abundant 
polymorphism has been detected between related wild 
species in the section Arachis (Halward et al., 1991, 
1992; Lanham et al., 1992; Paik-Ro et al., 1992). The 
information on biochemical and molecular basis for 
variation among the genotypes for drought resistance is 
very limited (Nageshwara Rao, et al., 1995). More 
recently, 43 drought-responsive mRNA transcripts 
(peanut transcripts responsive to drought; PTRD) that 
are up- or down-regulated following water stress have 
been identified in Arachis hypogaea (Jain et al., 2001). 
Amongst these 12 PTRD were completely suppressed 
due to prolonged drought while two were down- 
regulated, and two were up-regulated. Once the 
information in known, linkages can be developed 
between the drought resistance traits and the molecular 
markers to deploy the molecular tools to accelerate the 
plant breeding process for drought tolerant varieties. 

The progress in genetic enhancement of chickpea 
and pigeonpea for drought tolerance is expected to 
progress faster with MAS for drought tolerance traits 
that would enhance the efficiency of breeding for this 
complex trait. According to Saxena (2001), the drought 
tolerant chickpea varieties already developed at 
ICRISAT and the segregating populations available for 
drought tolerant traits could be used to initiate such 
programs and build upon the information and material 
already available. However, genetic analysis 
particularly of quantitative traits associated with abiotic 
stress tolerance have associated errors. The detection of 
the loci involved is based on the probabilities and can be 
crude (Hay and Ellis, 1998), with different results in 
different environments. This approach may be limited 
to a few selective traits considering the practical 
difficulties involved in developing these genetic 
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markers for a given physiological trait and also the 
limitations associated with generating large numbers of 
early segregating materials to get a desired level of 
recombination if one has to handle several traits 
simultaneously in a breeding programme (Marshall, 
1991; Subbarao et al., 1995). The application of 
molecular markers can promise more rigor when both 
the genetic and physiological analyses point to the same 
gene function, allowing greater confidence in 
identifying a candidate gene (Forster et al., 2000). 

b. Transgenic technology and genes for drought 
tolerance 

Genetic transformation provides a complementary 
means for the genetic betterment of the genome of field 
crops thus promising for alleviating some of the major 
constraints to crop productivity in developing countries 
(Sharma and Ortiz, 2000). The technology required for 
engineering transgenic plants is considerably more 
sophisticated than that required for production of hybrid 
plants by cross-fertilization (Goodman et al., 1987; 
Kung, 1993; Birch, 1997). Novel genes can be accessed 
from exotic sources-plants, animals, bacterial, even viral 
and introduced into a crop either physically through 
biolistics or by using binary vectors based in 
Agrobacterium tumefaciens. Further, it is possible to 
control the timing, tissue-specificity, and expression 
level of transferred genes for their optimal function. 
There are several traits whose correlative association 
with resistance has been tested in transgenic plants. The 
results of transgenic modifications of biosynthetic and 
metabolic pathways indicate that higher stress tolerance 
can be achieved by engineering, that tolerance is only 
marginally increased by the transfer of a single trait, and 
that multiple mechanisms to engineer water stress 
tolerance must be utilized (Bohnert et al., 1995). 

Crops can be tailored to tolerate stress if only one 
knows the amount of damage that occurs to the plant at 
the physiological and cellular level. The physiological 
response to stress usually arises out of change in the 
cellular gene expression (Nanjo et al., 1999a). As a 
result changes in the integrity of the cellular membrane, 
imbalance in the homeostatic conditions and finally 
decline in the growth or death of the plant are usually 
noticed (Zhu, 2001). Such alteration in the gene 
expression is always involved in preparing the plant to 
thrive under stress. The distribution and occurrence of 
naturally stress-adapted plants in many different 
families like Hydrilla verticillata, Najas indica, Najas 
graminia belonging to submerged macrophytes (Rout 
and Shaw, 2001), the occurrence of stress- tolerant 
relatives in many glycophytic species like Arabidopsis 
thaliana (Zhu, 2001), and the occurrence of genetic 
variability in stress tolerance of crop plants per se 
makes the mechanisms that control the stress perception 
and the gene expression after the stress, universal in 


plant kingdom (Bohnert et al., 1995). 

Certain genes are expressed at elevated levels when 
a plant encounters stress (Bray, 1993). Hence, several 
gene transfer approaches have been employed to 
improve the stress tolerance of plants (Holmberg and 
Bulow, 1998; see also Fig. 1). These can be a product 
of single gene or a product of a regulatory gene that 
activates the whole cascade of other gene products in 
the plant in response to stress. Genetically engineered 
plants for single gene products include those encoding 
for enzymes required for the biosynthesis of 
osmoprotectants (Tarczynski et al., 1993; Kavikishore et 
al., 1995; Hayashi et al., 1997), or modifying membrane 
lipids (Kodama et al., 1994; Ishizaki-Nishizawa et al., 
1996), LEA protein (Xu et al., 1996), and detoxification 
enzyme (McKersie et al., 1996). Similarly, many genes 
involved in stress response can be simultaneously 
regulated by using a single gene encoding stress- 
inducible transcription factor (Kasuga et al., 1999), thus 
offering possibility of enhancing tolerance towards 
multiple stresses including drought, salinity, and 
freezing. In general, very little attention has been given 
to genetic improvement to cope with intermittent 
drought (N.P. Saxena personal communication). It is 
believed that osmoregulation would be the best strategy 
for this kind of drought, especially if osmoregulatory 
genes could be triggered in response to drought. Some 
of the key strategies that have successfully been used in 
developing transgenic plants with some level of 
tolerance to abiotic stress are as follows: 

Osmoprotectants: The maintenance of total water 
potential during water deficit can be achieved by 
osmotic adjustment. A reduction in cellular water 
potential below the external water potential, resulting 
from a decrease in osmotic potential, allows water to 
move into the cell. The osmotic potential inside the cell 
is lowered by the accumulation of osmoprotectants 
(compatible solutes) in the cytoplasm due to the 
induction of several genes (Bray et al., 1993). These are 
highly soluble compounds that carry no net charge at 
physiological pH and are non-toxic at high 
concentrations. Chemically, there are three types: 
betaines and allied compounds, polyols and sugars (e.g., 
betaines and trehalose), and amino acids such as proline 
(Pro) (Delauney and Verma, 1993; Stoop et al., 1996; 
McNeil et al., 1999). The first strategy involved in 
obtaining stress tolerant transgenic plants is to engineer 
such genes that encode enzymes for steps in the 
synthesis of these osmolytes. Various strategies are 
being pursued to genetically engineer increased 
osmoprotection in plants. Many osmoprotectants like 
glycine-betaine (Ishitani et al., 1995; McNeil et al., 
2001), proline (Delauney and Verma, 1993; Nanjo et al., 
1999a), choline oxidase (Sakamoto et al., 2000), 
glutamine synthetase (Hoshida et al., 2000), arginine 
decarboxylase (Roy and Wu, 2001), mannitol, 
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onnonitol, fructans, ectoine, and other gene products 
have been studied which play a role in osmoregulation 
thereby protecting the membrane and protein complexes 
(Yang et al., 1996). Although improved stress tolerance 
has not been achieved when native stress-induced genes 
are expressed, transgenic tobacco plants expressing a 
foreign gene leading to mannitol accumulation 
(Tarczynski et al., 1993) does improve stress tolerance. 
Free Pro is regarded as having multiple roles in stress 
tolerance in plants such as mediator of osmotic 
adjustment (Handa et al., 1986), a stabilizer of 
subcellular structures (Schobert and Tschesche, 1978), a 
scavenger of free radicals (Pardha Saradhi et al., 1995), 
a buffer in cellular redox potential and a major 
constituent of cell wall structural proteins that may 
provide mechanical support for cells (Nanjo et 
al., 1999b). 

More recently, a positive correlation between Pro 
accumulation and stress tolerance in Arabidopsis 
thaliana has been shown by Nanjo et al. (1999a) by 
using antisense proline dehydogenase ( AtProDH ). 
Significant tolerance to drought stress has been observed 
in potato by using trehalose-6-phosphate synthase 
(TPS1) gene (Yeo et al., 2000). An improved protection 
of the photosynthetic apparatus was thought to be 
associated with the increased stress tolerance due to the 
introduced expression of betA gene that results in the 
production of glycine-betaine (Holmstrom et al., 2000). 

Amongst the several groups of LEA proteins those 
belonging to the D-7 family are predicted to play a role 
in the sequestration of ions that are concentrated during 
cellular dehydration. These proteins have 11-mer amino 
acid motif with the concensus sequence 
TAQAAKEKAGE repeated as many as 13-times (Dure, 
1993a). The D-19 family LEA proteins are predicted to 
have enhanced water-binding capacity, while the D-29 
family is supposed to sequester ions during water loss. 
At least 30 different genes have been identified as 
members of lea group 2 (D-ll family) whose possible 
functions include a chaperone function or one that 
preserves protein structure (Dure, 1993b). However, 
further investigations combining physiological and 
genetic studies are needed to evaluate the role of water- 
deficit-induced genes and any adverse metabolic cost 
associated with osmoprotection. 

Ion-Compartmentalization: Second strategy 
involves in protecting the crop against abiotic stress 
mainly salinity and water stress by regulating the ion 
uptake and compartmentalization of ions (Adams et al., 
1992). These salts have detrimental effects on the 
biochemical processes of a plant resulting in the osmotic 
stress. Numerous metabolic changes occur in different 
salt sensitive plants which are subjected to ionic stress. 
The Na + /H + exchange across the membrane is activated 
so that K + can be pumped across the cell membrane. 
Structurally plant cells are well suited for the 


sequestration of ions because of the presence of the 
membrane-bound vacuoles. Many halophytes have a 
mechanism in them to compartmentalize Na + into 
vacuoles through a vacuolar Na + /H + antiport. Such 
vacuolar Na + /H + antiport activity was first reported in 
tonoplast vesicles from red beet storage tissue 
(Blumwald and Poole, 1985), and also in various 
halophytes and salt tolerant glycophytic species (Barkla 
and Pantoja, 1996). In Arabidopsis a vacuolar chloride 
channel, AtCLCd gene was cloned which involves in 
cation detoxification and more recently in Arabidodpsis 
AtNHXI gene which is homologous to Nhxl gene in 
yeast has been cloned and over expressed in 
Arabidopsis which confers salt tolerance by 
compartmentalizing the Na + ions in the vacuoles. SOS1 
(Salt Overly Sensitive 1) locus is one such locus in 
Arabidopsis thaliana which is similar to plasma 
membrane Na + / H + antiport from bacteria and fungi and 
encodes a putative Na + /H + antiporter that was cloned and 
over expressed using a CAMV35S promoter. SOS1 
gene expression in plants was up-regulated in response 
to salt tolerance (Shi et al., 2000). 

Regulatory genes: Abiotic stress is a broad term 
which includes multiple stresses like heat, chilling, 
excessive light, drought, wounding, ozone exposure, 
UV-B irradiation, osmotic shock, where various cellular 
functions are disturbed. In order to restore the cellular 
function and make plant more tolerant to stress, 
transferring of a single gene encoding a single specific 
stress protein may not possibly show the required 
tolerance levels. To overcome such constraint 
enhancing tolerance towards multiple stress by a gene 
encoding a stress inducible cis-acting or trans-acting 
transcription factors that regulate a number of genes 
down stream or upstream of it thus activating a cascade 
of genes that act together in enhancing the tolerance 
towards the multiple stresses will prove to be a 
promising technology (Yamaguchi-Shinozaki et al., 
1994; Kasuga et al., 1999). Both DREB1A cDNA and 
the rd29A promoter can be used to improve the 
dehydration, salt, and freezing tolerance of crops by 
gene transfer (Kasuga et al., 1999). Many genes 
respond to multiple stresses like dehydration and low 
temperature at the trascriptional level are also induced 
by ABA (Mundy and Chua, 1998) which protect the cell 
from dehydration. (Dure et al., 1989; Skriver and 
Mundy, 1990). Dehydration appears to trigger the 
production of ABA, which in turn induces expression of 
various genes (Ingram and Bartels, 1996; Shinozaki and 
Yamaguchi-Shinozaki, 1997). Transcription factors 
acting both cis as well as trans have been analyzed and 
a conserved sequence PyACGTGGC has been reported 
to function as ABA-responsive element (ABRE) 
(Marcotte et al., 1989). Genes which respond to these 
transcription factors or elements mostly have a basic 
domain and a leucine zipper structure (Guiltinan et al., 
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1990; Oeda et al., 1991). Transgenic tobacco thus 
obtained by transferring the tetramer of a synthetic 
element conferred enhanced response to water stress 
(Lam and Chua, 1991). 

There are other cis acting elements or factors of 
genes that have ABA independent expression 
(Yamaguchi-Shinozaki et al., 1992). A cis-acting 
element designated as dehydartion responsive element 
(DRE) having the sequence TACCGACAT is known to 
be involve in ABA-independent gene expression under 
drought, high salt, and low temperature conditions in 
many dehydration responsive genes like rd29A that is 
responsible for dehydration- and cold-induced 
expression. The cDNAs encoding the DRE-binding 
proteins, DREB1A and DREB2A, have been isolated 
and the proteins shown to specifically bind and activate 
transcription of genes ( rd29A ) containing the DRE 
sequence in Arabidopsis (Liu et al., 1998). For detail 
discussion on these regulatory genes and sequences see 
chapter by Shinozaki-Yamaguchi et al. in this report. 
Transforming such drought responsive elements and 
transcription factors such as DREB1A cDNA and rd29A 
promoter into crops like groundnut and chickpea using 
genetic transformation either by Agrobacterium- 
mediated transformation or by using a Biolistic 
approach, can be an effective strategy for the 
development of crops having improved tolerance to 
abiotic stress. 


Current Status of legume transgenics at ICRISAT 

Genetic engineering of plants makes it feasible to 
transfer genes from totally unrelated organisms thus 
breaking the species barrier which is otherwise not 
possible by conventional plant breeding. Gene transfer 
technologies have widened the scope for agriculture in 
modifying the crops to increase the yield, to impart 
resistance against various diseases, increase the 
nutritional content, and enhance resistance against 
drought. The application of this technology for the 
improvement of important crops of the SAT has been 
shown to hold great potential (Sharma and Ortiz, 2000). 
However, for the successful genetic modification by the 
production of transgenic plants, effective regeneration 
and transformation systems are imperative. 
Transformation of crops involves the stable introduction 
of DNA sequences into the nuclear genome of cells 
capable of giving rise to a whole transformed plant 
(Sharma and Ortiz, 2000). At ICRISAT, these barriers 
have recently been overcome and efficient 
transformation and regeneration of transgenic plants of 
the mandate legumes including groundnut, pigeonpea 
and chickpea is now routinely possible for various biotic 
and abiotic constraints (Sharma, 1999; Sharma and 
Anjaiah, 2000a,b). 


Groundnut: The method for genetic transformation 
of groundnut (Sharma and Anjaiah, 2000b) reported from 
ICRISAT is a significant improvement over the 
previously reported results where at least 55% of the 
treated explants resulted in one or more independently 
transformed shoots. Multiple shoots originating from a 
single explant (Fig. 2A) showed different integration 
patterns suggesting that the transformation frequency in 
fact is higher. The transformation procedure utilizing 
cotyledon explants is highly susceptible to 
Agrobacterium-mediated gene transfer, and also displays 
very high regeneration rates across a wide range of 
Arachis hypogaea varieties of both Spanish and Virginia 
type peanuts. A key feature of this procedure is the 
regenerability of the cells wounded during excision of the 
cotyleodons at the time of culture initiation and Agro¬ 
infection, and these cells being mainly surface cells are 
readily accessible to the Agrobacterium. Shoot 
regeneration in this system is quite rapid and prolific, and 
a large proportion (>98%) of these shoots develop into 
phenotypically normal fertile plants where the transgene 
function is normal at transcriptional and translational 
levels. This system has been successfully utilized for the 
introduction of several genes such as those encoding for 
viral coat protein of Indian peanut clump virus (IPCV) 
and groundnut rosette assistor virus (GRAV), replicase of 
IPCV, Bt CrylA(b), and chitinase from rice. A new 
initiative with JIRCAS is being developed to utilize their 
constructs (rd29A:DREB 1 A) carrying DRE of 
Arabidopsis into Arachis for inducing drought resistance 
in groundnut. Putative transformants obtained in 
Agrobacterium- mediated transformation are being 
characterized for presence and expression of the 
introduced genes. The confirmed transgenic groundnut 
plants will be characterized for their phenotype and 
physiologically under normal and drought stress 
conditions to study their drought tolerance potential. The 
drought tolerance trait can eventually be transferred to 
selected genotypes with specific adaptations by 
conventional plant breeding by using the introduced 
genes as molecular markers. This protocol provides a 
transformation scheme that allows cost-effective, routine, 
and highly reproducible use of peanut transformation as 
part of both basic and applied studies in gene expression, 
transgenics, and functional genomics. 

Pigeonpea: Efficient systems for the tissue culture 
regeneration of pigeonpea have been developed by 
using the axillary tissue (Fig. 2B; Sharma and Anjaiah, 
2000a) and leaflet explants (Dayal and Sharma, 
unpublished results). A transformation protocol for 
pigeonpea to incorporate novel genes is in the final 
stages of development. A large number of putative 
transformants of pigeonpea have been successfully 
transferred to glasshouse and preliminary evidence 
suggests the presence of introduced genes like Bt Cry 
lA(b), soybean trypsin inhibitor ( SBTI ), and rice 
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Fig. 2A-C. Tissue culture systems in legumes for use in 
developing abiotic stress tolerance. A. Regeneration of multiple 
shoots from cotyledon explants of Arachis hypogaea; B. 
Regeneration of multiple shoots from axillary meristems of 
Cajanus cajair, C. Regeneration of multiple shoots from axillary 
meristem explants of Cicer arietinum. 


chitinase. Insect bioassays with tobacco transgenics 
having insecticidal genes have shown the potential of 
the available Bt CrylA(b) and SBTI genes for insect 
control. Further work on developing resistance to 
fungal pathogens of pigeonpea is ongoing. These 
systems can be effectively used for developing drought 
resistant transgenics by employing the several strategies 
listed above. 

Chickpea: A tissue culture system for chickpea has 
been optimized by using the embryo axis explants that 
produce multiple shoots (Fig. 2C). The axillary 
meristem tissues from embryo axis explants have been 
optimized to obtain a high frequency of shoots. 
Successful rooting and transplantation of these shoots is 
now possible with over 90% success rates. Putative 
transformants containing Bt Cry lA(b) and (SBTI) genes 
have been obtained. Recently, this system is being 
employed to introduce genes for abiotic stress tolerance 
such as codA (Alia et al., 1999), P5CSF.129A, (Kavi 
Kishore et al., 1995), mtld (Tarczynski et al., 1993) and 
annexin (Gidrol et al., 1996). The putative transgenics 
are being analyzed at the molecular level. 

Summary 

Significant progress has been made in the field of 
agriculture to successfully enhance the drought 
tolerance in various plants using several strategies. The 
discovery of genes involved in osmoregulation, ion 
compartmentalization, and regulatory elements that are 
responsive to drought have opened up new avenues for 
developing crop plants with enhanced drought 
tolerance. Further research must be carried out in 
finding out the availability of stress responsive genes 
and transcripts in groundnut and chickpea and their 
expression under different environmental conditions. 
Wild species, due to their better adaptability offer 
unique opportunities for identifying and cloning new 


genes and promoters that can be employed for 
developing stress tolerance by using an integrated 
approach as outlined in Figure 1. Gains in crop 
productivity through research advances in genetic 
enhancement will help to achieve sustainable food 
security, poverty alleviation, and environmental 
protection in the SAT. ICRISAT has a commitment to 
transfer the benefits of plant biotechnology to the 
developing world, as genes relevant to their crops and 
environment become available. Therefore, the research 
in transgenic crops offers a new means to achieve 
ICRISAT's mission, i.e., applying science to improve 
agriculture in areas of the world where sub-optimal 
rainfall and biotic stresses are the major constraints to 
crop productivity. 
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Abstract 


Roots and tuber crops such as potato, sweetpotato, cassava, yam and taro, could have a large impact as food, feed and industrial 
materials with far smaller investment than what have been made to cereals and pulses. Although the social status of these crops are 
regarded somewhat low, the contribution as staple crops should not be under-estimated to the subsistent farmers and to the production at 
the marginal lands and/or at a harsh climatic condition. 

These root and tuber crops are vegetatively propagated and diverse biological constraints are encumbered with their crop reproductive 
nature. Furthermore, the crops get damages by series of the environmental stresses during the development of roots or tubers, and also at 
the storage. The importance of these environmental constraints varies with agroecology and by crop species. Principle environmental 
stresses of global and ecoregional concerns are drought, excess soil moisture and cold. High soil salinity is the upcoming issue where 
irrigation is practiced at marginal lands and/or at areas with rapid desertification. Improvement in the storage quality is another important 
aspect, and keeping moisture and longer dormancy in the storage organs are one of the key subjects for storing the foodstuff and for the 
wide application to industrial uses. 

Progress should yet be expected on transgenic research on root and tuber crops. Many root and tuber crops have not been examined 
even for feasibility of biotechnology applications for alleviating their pitfalls in production and uses, and challenges should be made in 
exploiting these regionally important crops and seeking the potential by the biotechnological tools. 

Key words: root and tuber crops, biotechnology, diagnostics, genetic engineering, pathogen-free propagules, environmental stresses 


Introduction 

Root and tuber crops are important staple crops in 
many developing countries and also important industrial 
materials in developed nations (CIP 2001; Scott et al. 
2000; Wheatley et al. 1995). Examples of the root and 
tuber crops are potato, sweetpotato, cassava, yam and taro, 
and many other locally important crop species are present 
and rather under-utilized (Hermann and Heller 1997; NRC 
1989; NRC 1993; Watanabe and Arbizu 1997). 

Common biological features of the root and tuber 
crops such as, would be: 1) vegetatively propagated; 2) 
genetically heterozygous, 3) outcrossing; 4) polyploids 
or polyploidization origin; 5) storage parts being 
underground; and 6) foliage could also be used for food 
and feed. General breeding objectives are on: 1) 
resistances against disease, insect and nematode pests, 


especially vegetative organ bom problems; 2) abiotic 
tolerances to drought, excess soil moisture, frost and 
freezing, and salinity; 3) general productivity and 
earliness. Improvements in the storage and in the 
processing quality are another important aspects in the 
root and tuber crops. Particularly keeping moisture 
without biological and abiotic stresses and longer 
dormancy in the storage organs are some of the key 
subjects for storing the food materials and for the wide 
application to industrial uses. However, this paper 
should focus on the general issues on the biotechnology 
application to the root and tuber crops. 

Based on the biology of the root and tuber crops, 
crop protection and improvement for productivity and 
sustainability should be considered. A diverse range of 
biotechnology can be applied for the root and tuber 
crops. The examples are: tissue culture for germplasm 
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conservation and mass propagation of planting 
materials; diagnostic tools such as ELISA and NASH 
for crop health and quarantine, molecular markers for 
genebank management, cultivar identification and 
breeding; genetic engineering for alleviating the pitfalls 
that conventional breeding approaches could not 
overcome etc. 

Major genetic resources on the root and tuber crops 
are conserved ex situ at national or international 
genebanks such at international agricultural research 
centers under CGIAR (Consultative group on 
International Agricultural Research) (NRC 1993). It 
should be noted that the total number of accessions on 
these root and tuber crops occupy only 4% of the entire 
PGR collections under CGIAR, and the figure must 
support breeding and crop production efforts for around 
one fifth of world population who mainly depending on 
the root and tuber crops are their major food and/or cash 
making materials (CIP 2001). Especially at marginal 
lands or at regions with harsh cropping conditions, root 
and tuber crops have far advantages to cereals and 
pulses as vegetative organs have less damage from the 
abiotic stresses under such difficult conditions, thus 
more possibility to provide food materials. Besides the 
discussion on the biotechnology applications, 
consideration should be relevantly made on the 
conservation and uses of the genetic resources on the 
root and tuber crops. 


Potatoes 

The common potato (Solanum tuberosum) has been 
widely grown over the world and it has the fourth place 
as the important staple crops after rice, maize and 
wheat. Potatoes are unique over these cereals. The 
edible parts of cereals are botanical seeds that is 
specifically endosperms, in contrast, the edible part of 
the potato is the tuber that is underground stem. Thus 
its physiology is unique and tuberization and its 
physiology have been the major topics in potato science 
(Li 1985). Also due to its vegetative reproductive 
nature by tubers, potato can be damaged by many 
different biological stresses (Hooker 1981). Potatoes 
have many enemies in fields, and over five hundred 
species of pathogens and pests could infest or damage 
the crops and a series of environmental stresses such as 
low temperature at the early growing stage and drought 
at the tuberization period, could result in nil yield 
(Harris 1978). 

Potatoes are cross-pollinating tetrasomic tetraploid 
and its genetics is far more complicated than self- 
pollinating diploid such as rice (Watanabe et al. 1997). 
Many of the breeding targets on potatoes are 
quantitatively inherited and gain in one generation of 
selection even on a single trait, is not efficient by 


conventional breeding. Heritability varies among such 
quantitative traits, however, in general, breeding on 
multiple traits by phenotype evaluation has been 
cumbersome and only individual experiences by breeders 
could handle the pitfalls in making slow progresses, and 
more subjective and sophisticated methods have been 
desired to make efficiency in breeding. 

Potatoes have approximately two hundred species of 
wild and cultivated relatives which consists of diploid to 
hexaploid. These species have been the aboundant 
sources for breeding for biotic and abiotic stresses: 
important traits found in the wild species include 
resistance and/or tolerance to major biotic and abiotic 
stresses such as viruses, viroids, insects, nematodes, 
fungi, bacteria, heat and frost. However, due to the 
complication of the tetraploid genetics and quantitative 
nature of the breeding targets, it has been challenging to 
use especially the wild species into potato breeding. For 
example, it took several decades to use a single gene 
control trait on PVY resistance from a tetraploid species 
S. stoloniferum into potato cultivars (Ross 1986 In 
Watanabe et al. 1995a). Thus, to cope with the 
constraints in use of the valuable genetic resources, 
molecular markers have been studied and gradually 
employed in germplasm enhancement with potato 
species (Watanabe and Watanabe 2000). 

Since also the most of the cultivated potatoes are 
tetraploid (2n = 4x = 48), while approximately seventy 
percent of the wild relatives are diploid (2n = 2x = 24). 
Ploidy manipulation is essential to introgress desirable 
traits from the diploid wild species into the high 
yielding tetraploid cultivated cultivars. Cell fusion and 
2n gametes have been considered as the tools to transfer 
the valuable traits from the breeding lines at diploids 
and substantial successes have been demonstrated in the 
ploidy manipulation for the potato breeding (Bradshaw 
and Mackay 1994; Watanabe et al. 1995a). 

Adoption of Old Biotechnology 

Biotechnological tools have been employed to 
enhance potato production both in developed and 
developing countries. Since potatoes are usually 
propagated as tubers, disease and pest free tubers are 
important in making high yield and sustainable 
production. In vitro pathogen clean-up process by 
meristem culture has been established and this has been 
used widely in many countries. Diagnostic tools also 
followed after the clean-up processes, and a series of 
detection methods to viral, bacterial and fungal 
pathogens, insects, mites and nematodes are available at 
commercial basis. Among these technologies, NASH 
(Nucleic acid spot hybridization) method has been 
applied effectively to eliminate PSTVd (potato spindle 
tuber viroid) and common viruses such as PVX, PVY 
and PLRV from the germplasm and seed potatoes. A 
wide availability of ELISA methods using monoclonal 
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or polyclonal antibodies also helped monitoring the crop 
health at field and also a mass scale production of seed 
potatoes in many developing countries (Watanabe et al. 
1995a,b, Watanabe et al. 1997). 

Tissue and cell culture system on potato is a model for 
educational training and industrial applications. Tissue 
culture derived tubers have been used as the clean nuclear 
seeds for propagating the production seeds for decades 
and this accelerated the increasing the yield and cash 
income in many countries. Even in many developing 
countries, seed potatoes production by the tissue culture 
has been conducted, and the technology has been further 
adapted to small farm-family level: even with a small 
kitchen and net-house facility in backyard, the seed 
potatoes are produced in Southeast Asian countries. This 
is a successful example on low profile biotechnology 
application and technology acceptance by the endusers. 
Consequently the recipients of the technology could get 
cash income and the local community has received 
benefits (Watanabe et al. 1997). 

Genetic Markers for Potato Germplasm Management and 
Breeding 

Although conventional potato breeding has 
demonstrably resulted in improving potato crops, there 
are several key bottlenecks. 1) The most important 
cultivated potato is a tetraploid with tetrasomic 
inheritance; thus segregation is more complicated than 
disomic inheritance, and selection even for simply 
inherited characters is sometimes laborious and less 
cost-effective compared with that in diploids. 2) Major 
breeding targets tend to be quantitatively inherited, for 
example, resistances to bacterial wilt caused by 
Pseudomonas solanacearum', potato leaf roll virus; 
potato tuber moth; and root-knot nematodes, as well as 
tuber quality traits and yield components. 3) 
"Genotype by environment" interactions complicate 
the expression of the characters. 4) Identification of 
individual chromosomes by conventional cytogenetical 
methods is very difficult and it is very hard to monitor 
introgression in hybridization from wild species which 
are valuable sources of resistances to major diseases 
and pests (Watanabe and Watanabe 2000). 

A major problem is the difficulty in monitoring 
introgression of target genes and elimination of 
undesirable characters, especially from wild species. 
Furthermore, confirmation of transmission of 
resistance(s) from progenitors by progeny testing is 
time-consuming but essential since several genetic 
factors such as cytoplasmic effects and female by male 
interactions influence the expression of resistance in 
progenies. However, molecular markers such as AFLP, 
RFLP and RAPD markers are actual DNA, thus use of 
these markers could alleviate these bottlenecks 
drastically (Watanabe and Watanabe 2000). 

The cost of employing DNA markers is, however, an 


impediment to their use. Compared with the inherent 
difficulty in screening and selection for many target 
characters in potato breeding, the cost of DNA markers 
may however prove to be reasonably competitive. For 
example, present phenotypic screening for bacterial wilt 
resistance requires preparation of much plant materials 
either by generation of seedlings or cuttings, and an 
incubation period of at least two weeks. It also requires 
repeated testing and progeny testing to identify target 
genotypes. Thus, these procedures require enormous 
labor, materials and time. On the other hand, linked 
DNA markers would require several days maximum to 
identify the genotypes of interest once small amounts of 
plant tissue are available. Cost reductions would be 
made by simplifying several procedures in the 
utilization of DNA markers. Sample preparation is one 
step which can be simplified. The employment of PCR 
based markers can also facilitate the screening and 
selection procedures and increase efficiency in labour, 
cost and time. 

Genetic Engineering Applications to Potatoes 

Molecular biology studies and genetic engineering 
also have been conducted on potato science and 
industrial uses. A wide range of transgenic research has 
been made with potatoes for elucidating questions on its 
physiology and genetics (Belknap et al. 1994; Bradsahw 
and Mackay 1994; Watanabe et al. 1997), and industrial 
applications have been demonstrated by the release of 
transgenic cultivars in North America as well known in 
common newsmedia. 

Transgenic potatoes on biological stresses: 

Transgenic research on potatoes have been widely 
conducted and a series of transgenic potatoes with 
abiotic tolerance have been reported (Watanabe and 
Watanabe 2000). Coleoptera insect resistances with a 
series of BT endotoxins, particularly against Colorado 
potato beetles, have been developed and commercial 
cultivars have been released in North America. Viral 
protection using the viral genes has been employed and 
coat protein based protection has been widely used in 
cultivar development. Some technology transfer has 
been implemented from the developed countries to 
modestly developed countries such as Mexico and 
South Africa, and extended field trials have been 
implemented on these transgenic potatoes (Watanabe et 
al. 1997). 

Carbohydrate synthesis: 

Industry supports the research on the carbohydrate 
biosynthesis on potatoes since decades ago, and 
knowledge has been accumulated on the area. Molecular 
biology has been focused on the tuberization and 
carbohydrate biosynthesis and various studies had been 
conducted on altering the metabolism associated with 
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starch accumulation (Belknap et al. 1994). However, no 
commercial cultivar has been released for supporting 
industrial uses such as increased processing efficiency 
in chipping and polylactic acid processing for 
biodegradable plastic materials yet. 

Production of functional substances for pharmaceutical 
uses: 

Since potato tubers can be mass-produced in vitro, 
the tubers have been regarded as the plant factory which 
could produced rare substances such for pharmaceutical 
uses (Galun and Galun 2001). 

Potato genetic engineering against environmental 
stresses: 

Specific environmental constraints for potatoes are: 
heat at tropics, low soil moisture / drought, cold, frost 
and salinity, and indeed, potato yield can be affected by 
any abiotic stresses. At an early growing stage, the 
potato buds are sensitive to the change in temperature 
and both low and high temperatures could sharply 
influence the successive growth and sometimes a severe 
damage could result in death of potato plants. Since 
potatoes can be growing highlands such at Andes, hill 
sides of East Africa and Central Asia, the drastic change 
in the night temperature, frost and freezing are also 
important matters for the crop success over the growing 
period. While tubers contain high amount of water, the 
low soil moisture at the early growing and tuberization 
stages lower the yield and drought at the tuberization 
period would damage severely on the crops as 
substantial amount of water is required for tuberization 
and development of the organs. Since potatoes are often 
grown at marginal lands such as dry areas, salinity is 
also another concern on the crop which is rather weak at 
high level of salt in the field and irrigated water 
(Harris 1978). 

A series of basic research on potato molecular 
biology for the abiotic stresses have been conducted 
widely, particularly wounding associated gene 
expression (Vayda and Morelli 1994 in Belknap et al. 
1994), however, the attempt to create tolerances against 
environmental stresses have not been demonstrated 
much for practical applications. This is a typical case 
that lab-based research does not have close- 
interdisciplinary association with field-oriented research 
problems and agriculture practice. 

We have been employed for generating transgenic 
potatoes with the transcription factors, DREB genes and 
associated gene components (Kasuga et al. 1999). Our 
joint effort with JIRCAS, Japan International Research 
Center for Agricultural Sciences, demonstrates the 
provisional result on the performance of transgenic 
potatoes with multiple tolerance to abiotic constraints: 
drought, salinity and freezing. However, a downstream 


research should be conducted to determine the 
appropriateness of the use of these genetic components 
and breeding shall be followed up with the finding to 
create the transgenic potato cultivars with multiple 
abiotic stresses. 


Sweetopotatoes (Ipomoea batatas): 

Sweetpotatoes are hexaploid and it is regarded as 
polyosmic polyploid (Rao 1996). Thus, due to its 
polysomic genetics in many traits, even with a single 
dominant gene control, breeding effort has been very 
challenging. Furthermore, due to the presence of cross 
incompatibility genes and low seed set per pollination, 
production of botanical seeds for breeding has been a 
limiting factor to generate a large population 
(KNEAS 1997). 

The same as potato, sweetpotato can be infested by 
various pathogens and pests, and also can be damaged 
by environmental stresses. The major biological 
constraints are viruses such as sweetpotato feathery 
mottle virus and sweetpotato weevils. Cold tolerance 
should be of critical on sweetpotato at Irian Jaya, Papua 
New Guinia and Hillside of Eastern Africa, and for the 
longer cultivation period in Inner Mongolia, winter 
cultivation in Southern China and Northern Vietnam 
(Clark and Moyer 1988; KNEAS 1997). By alleviating 
these constraints, the production shall be boosted up, but 
due to the low interest both at developed and developing 
countries, consequently, not much investment on the 
research has been made to break through the pitfalls in 
sweetpotato production. 

Biotechnology applications have been, however, 
demonstrated on sweetpotatoes in tissue culture, 
diagnostics and some molecular marker as well as effort 
on genetic engineering (KNEAS 1997 and 
KNEAS 2000). 

While extensive studies have been made on 
regeneration of the sweetpotatoes (Dhir et al. 1998; 
Gusukonda et al. 1995; Otani and Shimada 1996; 
Sihachakr et al. 1997; Zheng et al. 1996), there had not 
been substantial success on inventing a genotype- 
independent transgenic method. Agrobateirum 
tumeficens-mediated tranformation has been the most 
common and relatively successful approach (Gama et al. 
1996; Otani et al. 1998; Watanabe et al. 1998), while 
particle-bombardment (Prakash and Varadarajan 1992), 
electorporation (Mitchell et al. 1998) and A. ryzogenes 
(Espinoza et al. 1987) had been also employed as the 
transformation methods. Overall yet no genotype- 
independent transgenic method for sweetpotato has been 
made in public. 

We made a progress on improving efficiency in 
sweetpotato transformation system with genotype- 
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independence and some success has been shown to 
make transgenic sweetpotatoes with potential uses for 
bioremediation (Watanabe and Watanabe 2001, JPS 
2001-223606; Watanabe et al. 2002 In reparation). 
Using the genotype independent method and some 
unique gene constructs provided by the collaborators, 
we shall be demonstrating in future on generating 
transgenic sweetpotatoes with multiple abiotic 
stress tolerances. 


Cassava (Manihot esculenta) 

Cassava is the important crop in developing regions 
in tropical and subtropical climates. While to harvest the 
crops, it could take more than five months, the 
maximum yield could be over 100 ton / hectare with 10 
months cultivation in some Southeast Asian region. 
Also there is no major requirement on crop care after 
planting except water at storage root formation, this 
crop is highly suitable for the rustic cultivation 
condition at a marginal land. On the other hand, the 
crops often contain a high amount of cyanoids which 
causes serious illness or death to consumers, thus, 
breeding effort is needed for low cyanoids quantity 
crops as one of major objectives in the crop 
improvement (Wheatley et al. 1995). 

Tissue culture and micropropgation systems have 
been established by the support of international 
agricultural research centers, that are CIAT (Centro 
Internacional Agripecuraria Tropical and IITA 
(International Institute for Tropical Agriculture) and 
some strong national programs such as Brazil and Cuba 
(CIAT 2001). 

Transgenic cassavas have been generated and 
international agriculture centers declare that genotype 
independent methods can be employed for the practical 
applications for specific molecular breeding purposes. 
(Li et al. 1996; Schopke et al. 1996; Vasil 1996). 
Specific efforts to reduce cyanogens by transgenic 
approach have been also supported by CIAT and IITA 
that stimulate networking South-North collaboration 
(Ander son et al. 2000; Zhang et al. 2000). 

Furthermore, studies on cassava viruses and 
transgenic cassava have been indicated possibility of 
alleviating the viral infection and productivity pitfalls 
due to the biotic stresses (Frey et al. 2001). 

However, no specific report on transgenic attempt 
has been made as substantial progress on the 
environmental stresses on Cassava, while the crop has 
to cope with drought and cold damages, and the low 
temperature tolerance on the storage roots is also 
of challenge. 


Taro and yam 

Tissue culture systems have been developed both on 
taro (Colocasia and Xanthosoma spp.) and yam 
(Dioscorea spp.) for conservation and pathogen¬ 
cleaning processes at genebanks (Zu et al. 2000). But 
even the mass propagation of clean propagules based on 
tissue culture has not been disseminated to small 
farmers who can often get the severely pathogen-pest 
infested vegetatively maintained propagules for their 
crop production. Some useful information on the tissue 
culture is available in the local languages such in Japan 
and China, these shall be introduced by a review article 
and some reffort is in progress (M. Akita, personal 
communication, akita@bio.waka.kindai.ac.jp). 

Taro: Some specific studies have been conducted 
on the storage protein components, such as tarin in the 
corms of taro that may be associated with the defense 
responses (Bezerra et al. 1995, de Castro et al. 1992; 
Monte-Neshich et al. 1995). However, a little 
knowledge has been obtained yet on the storage protein, 
and the function of the gene family which encode the 
isoforms of tarin that the major soluble proteins in taro 
corms (Guimaraes et al. 2001), should be elucidated 
further for practical application for creating stress 
tolerance into taro crops. 

Yam: Only localized importance exists in the case 
of yam as a major crop in the West Africa particularly 
in Nigeria, while many subsistent farmers in tropical 
and temperate zones use the crops as basic nutritional 
sources (Orkwor et al. 1998). As previously 
mentioned, tissue culture system is available for the 
dissemination of biotechnology, however, no trial has 
been made with molecular biological approaches for 
crop improvement. On the other hand, pharmaceutical 
industry has been working on diosgenin in some 
Dioscorea species. Diosgenin is an effective medicinal 
substance against uterus cancer, and cellular, 
biochemical and moleculare biology studies have been 
conducted immensely for product development 
(Haraguchi et al. 1994, Savikin-Fodulovic et al. 1998). 
A small investment from such a wealthy industry shall 
improve the yam crops for food together with 
increased value as preventive medicine. 

Overall, no major effort has been made widely on 
taro and yam for the agricultural application of the 
modern biotechnology. Basic tissue culture, 
embryogenesis and transformation methods should be 
enhanced on yam and taro. Pitfall studies on production 
and post harvest processing should be conducted to 
identify the major constraints whether application of the 
modern biotechnology such as transgenic approach 
could be desirable or not for the abiotic stresses. 
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Challenges with locally important root and tuber 
crops: Examples on andean root and tuber crops 

First of all, this section is revised after Watanabe and 
Arbizu (1997). There are many locally-important plant 
species in Andean region which must be protected and 
improved in the region, and they could be employed in 
other part of the world. These examples are: oca (Oxalis 
tuberosa ), ulluco (Ullucus tuberosus), maswa 
(Tropaeolum tuberosum), yacon ( Polymia sonchifolia), 
maca ( Lepideum meyenii) and arracacha ( Arracasia 
xanthorrhiza) in Andean region (Hermann and Heller 
1997; NRC 1989). Four areas of biotechnology could 
assist in genetic resources management and utilization 
of under-exploited Andean domestic crops: a) in vitro 
germplasm conservation with tissue culture and 
cryoconservation, b) genetic fingerprinting of 
collections and monitoring genetic diversity with 
molecular markers, c) diagnosis of plant diseases and 
clean-seed propagation; and d) potentially on the 
application of genetic engineering. Among the diverse 
crops from the Andean regions, Andean root and tuber 
crops (ARTC) are focused in this chapter and a brief 
idea of other important plant species is discussed. 

Features and Constraints in ARTC 

Plant biotechnology tools assist in the management 
and utilization of potato and sweetpotato genetic 
resources. These biotechnology tools and their strategies 
for applications, could also be useful in managing at 
least nine species of Andean root and tuber crops, listed 
according to their economic importance on Andean 
region. These crops have comparatively balanced 
nutritional values as potatoes have, however, due to its 
social status as poor men's food, somehow the uses of 
the crops have been limited for harsh conditions. 

Ulluco, oca, and mashua have been important 
components of potato-based farming systems for more 
than five thousand years in the tuber-growing areas of 
the Andes. Arracacha, yacon, achira, mauka, and ahipa 
have also been grown in the quechua zone of the warm 
Andean valleys as one of the main components of 
maize-based farming systems for thousands of years. 
Along with bitter potatoes, maca has played a major role 
in the herding-based economy of farmers living in the 
Puna zone of Peru above 4,000 m. Whereas maca and 
ahipa are seed-propagated crops, the others are 
vegetatively propagated. 

Biotechnology Applications to ARTC 

a. Genetic Resources Conservation and Micropropagation 
on ARTC 

Ex situ conservation of the genetic resources of the 
nine species mentioned above has been attempted by 10 
scientific institutes working in South America. In July, 


1995, some 2,034 accessions of ulluco, 3,282 of oca, 
725 of mashua, 921 of arracacha, 105 of yacon, 108 of 
achira, 48 of maca, 2 of mauka, and 2 of ahipa were 
being maintained by germplasm banks working with 
Andean root and tuber crops (Arbizu and Holle, 
unpublished data). 

The in vitro conservation of ulluco, oca, and mashua 
tubers has been carried out for about 10 years by several 
Andean genebanks, and as a result, more than 60% of 
the ullucos, ocas, and mashuas are being maintained in 
vitro. In the past three years, evidence has shown that 
more than 90% of maukas and 50% of yacons have also 
been maintained in vitro. The entire collection of 
arracacha and achira, however, along with about 50% of 
yacons, 40% of ullucos, ocas, and mashuas, and 10% of 
maukas appear not to have been introduced in vitro yet. 
They have been maintained as field collections. 
Insufficient funding and biotic and abiotic stresses are 
the main constraints to their conservation under field 
conditions. The International Potato Center (CIP) has 
been playing a major role in the conservation of the 
genetic resources of Andean root and tuber crops in 
cooperation with nine South American National 
Agriculture Research Systems (NARS) working with 
this material. However, more logistic support is still 
needed to optimize their conservation, and fulfill their 
economic potentials. 

Cryoconservation is an alternative for in vitro 
conservation of clonal germplasm. Technically 
speaking, many root and tuber crops, including common 
potatoes, can be maintained by cryoconservation, but no 
major genebank has employed the system as the 
principal conservation system. Cost is one of the key 
issues for the acceptance of this technology. For 
example, in the case of potatoes, an initial introduction 
of 5,000 in vitro clonal accessions into cryoconservation 
could cost US $ 20,000, with annual maintenance costs 
of US $ 3,000. A tissue culture-based sub-culturing 
system could cost US $ 30,000 annually for the 
conservation of the same number of accessions. Further 
sub-cultures could cause mislabeling of accessions and 
contamination. But this is significantly reduced by 
cryoconservation. The current recovery rate of shoot 
tips after cryoconservation is very high in potato—more 
than 90% (Steponkus, personal communication), but no 
long-term and large-scale testing has been done for root 
and tuber crops in general, which could hamper the use 
of the cryoconservation technology. 

b. Monitoring Genetic Variation and Fingerprinting in 
ARTC 

The organization of a germplasm collection is often 
cumbersome, as the clonal accessions have to be evaluated 
for duplicate identification, as well as evaluation of 
genetic diversity in the collections. Molecular markers can 
assist in these tedious activities for more efficient 
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establishment of core collections. Furthermore, these 
same tools can be used for biosystematic studies and in 
situ management of the germplasm. 

The genetic diversity of Andean root and tuber crops 
is not well known, while distinct phenotypic groups are 
recognized, as for root and tuber color and shape. 
Because Andean root and tuber crops are underexploited, 
a rapid assessment of genetic variation in nature, farmers' 
fields, and known collections and varieties is needed. 
The goal is: 1) to maintain genetic diversity, 2) to identify 
cultivars, and 3) to establish a comprehensive core 
collection. Evaluations are conducted using isozymes 
and protein-gel electrophoresis in many national genetic 
resources programs, in collaboration with international 
genebanks. The use of DNA marker-based tools such as 
RFLP and PCR-based RAPD, STS, DAF, and SSR is 
widely recommended for many crop genera, but simple 
tools could be applied initially with these Andean root 
and tuber crops for cost-effectiveness and because fewer 
skills are required for operations in resource-limited 
Andean genebanks. 

c. Plant Quarantine and Seeds 

Although pests and diseases of Andean root and 
tuber crops have not been well surveyed, some virus¬ 
like diseases are seen in crops such as ulluco, oca, and 
arracacha. A general assessment of pests is also 
essential to maintain and improve crop productivity and 
genetic resources. In order to enhance productivity, we 
need to diagnose plant diseases and produce clean 
propagules efficiently. 

For example, for diseases caused by viruses and 
viroids, an ELISA (enzyme-linked immunosorbent 
assay) or NASH (nucleic acid spot hybridization) test 
should be effective, while identification and 
characterization of viruses causing diseases shall be 
enhanced and a service system should be established to 
provide antisera for ELISA and labeled probing for 
NASH, as widely demonstrated with common potatoes 
by CIP. A PCR-based detection system for fungal and 
bacterial diseases could be also an effective tool. But 
basic technology should previously be well established 
and widely distributed for diseases. 

Seed production of the vegetatively propagated 
species using micropropagation can be enhanced and 
following production can be boosted by the assistance 
of plant disease diagnostics. Some knowledge has been 
accumulated on that virus detection and irradiation are 
of importance for these vegetatively propagated species; 
e.g. oca yield can be improved by using virus free seeds 
up to several folds and could avoid secondary infection 
to other crops at the same farms or in rotation. 

d. Potential for Genetic Engineering on ARTC 

Although the main constraints to the cultivation of 
Andean root and tuber crops have been pointed out, the 


traits to be improved have not been indicated in detail. 
Therefore, more surveys on biotic and abiotic 
constraints should be conducted to see whether a plant 
quarantine and seed program in conjunction with efforts 
on integrated pest management and crop management 
could improve crop production or whether genetic 
improvement of crops is essential for increasing 
productivity and sustainability. 

Potential areas for genetic studies would be: 1) 
improvement of the quantity and quality of nutritional 
traits, and a reduction in toxic substances, 2) day-length 
adaptation, and 3) dormancy. As the basic reproductive 
biology of these root and tuber crops is not understood 
well, and a true seed production system has not been 
established for many of them, the conventional breeding 
approach may be inappropriate. Furthermore, many of 
these root and tuber crops are known as polyploids with 
an outcrossing nature, so that a complicated segregation 
of the trait of interest could occur. This would be a 
disadvantage in conventional breeding, as demonstrated 
in potatoes and sweetpotatoes, but wild relatives and 
closely related crop genera are available for Andean root 
and tuber crops, and molecular marker-assisted 
germplasm enhancement may be an approach to improve 
these crops and make them available to farmers. 

Genetic engineering could facilitate the 
improvement of Andean root and tuber crops. Two 
specific areas are given in the following. 

1) Glucosinulate content appear to be high in mashua 
and may cause goiter, on the other hand, glucosinulates 
and their biologically active metabolites may be 
responsible for medicinal uses of this particular Andean 
tuber. These compounds and others may also provide 
variation in resistances to insects, nematodes and diseases 
so that genetic engineering could provide a specific 
change to get rid of the goitrogenic effects of 
glucosinulates. Now, using genetic engineering, 
manipulation of specific biochemical pathways would be 
becoming doable, so that control of specific fractions on 
toxic substances, but increase of the useful components 
could be simultaneously achieved. This can be applied to 
other crops such as oca to reduce unpleasant tastes that 
could come from oxalic acids and glycoalkaloids. 

2) Yacon has been studied to use its fructose for diet 
food for diabetes. Also the high molecular weight 
carbohydrates could meet specific industrial needs. Due 
to these specific characteristics of sugar, the crops have 
been adopted to non-conventional regions such as New 
Zealand, Japan, and Italy. 


Conclusion 

The role of root and tuber crops in this century will 
be more important and further investment by public is 
essential for the crop improvement and integration of all 
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scientific knowledge for crop production (Scott 2000). 
Besides supporting the major root and tuber crops such 
as potato, sweetpotato and cassava, emphasis should be 
made conservation and enhancement of the use of 
regional important root and tuber crops such as oca, 
ulluco, maswa, yacon, maca and arracacha in Andean 
region (Hermann and Heller 1997; NRC 1989; 
Watanabe and Arbizu 1997); edible canna (Canna 
edulis), arrow heads (Sagittara torifolia) and aroids 
(principally taro) in Asia and Africa (Scott 2000). While 
biotechnology application could be one of the methods 
for the purpose, however, in-depth analyses of the 
pitfalls in production and storage / processing and of 
demands should be conducted carefully point out the 
target of the research and development activities. 
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Abstract 


Among abiotic stresses found in developing countries, drought and low soil fertility are paramount. Because of its genetic complexity, 
drought tolerance is probably the most difficult trait to improve through conventional plant breeding. The challenge is even greater for 
developing drought tolerant plants for water-limited environments where the occurrence, timing, and severity of drought may fluctuate from 
year to year. CIMMYT has devoted considerable effort during the past three decades to improving drought tolerance in maize. Extensive 
research has been conducted in the areas of breeding, physiology, agronomy, and most recently, biotechnology. The biotechnology work 
has focused on the genetic dissection of drought tolerance through the identification of quantitative trait loci (QTL) associated with yield 
components, secondary morphological traits of interest (e.g., anthesis-silking interval), and more recently, physiological parameters. To 
date, the genetic dissection of yield components and secondary traits of interest has been conducted in four different segregating crosses, 
under diverse water regimes and in several environments. In addition, to identify the QTLs for key physiological components (e.g., 
hormones, proteins, etc.) a recombinant inbred line (RIL) population has been developed by single seed descent from F 3 families obtained 
by crossing one of the four crosses mentioned above. The same morphological traits measured in the F 3 families have been evaluated in this 
RIL population. Based on these QTL results, several MAS experiments based on back crosses and new breeding approaches such as the 
Single Large-Scale MAS (SLS-MAS) have been successfully conducted, and will be presented in detail. However, based on our experience, 
we now recognize that germplasm improvement restricted to QTL manipulation presents several limitations, the most critical being the 
inability to predict the phenotype of any given genotype based on the allelic constitution. To overcome these limitations, improve the 
understanding of the genetic basis of drought tolerance, and develop the most efficient MAS strategies, future efforts at CIMMYT will 
concentrate on two main activities: (1) the construction of a consensus map that combines information related to QTL characterization and 
gene expression, and (2) the identification of key genes/pathways involved in maize drought response. The map and knowledge of key 
pathways will be used as selection tools in breeding programs. Concomitant with our QTL identification and manipulation efforts are 
several ongoing experiments based on functional genomics. We are convinced that emerging technologies based on gene expression have 
the potential to provide complementary information that will promote more efficient germplasm improvement. Indeed, understanding the 
genetic basis of the essential physiological parameters of drought tolerance in maize, together with the data generated by profiling 
experiments, should allow the identification of the key pathways involved in drought stress and further our understanding of how they 
interact. This, in turn, will lead to develop strategies to improve the tolerance of maize and other crops to water-limited conditions. 


Abiotic stresses: Focus on drought 

Plants vary tremendously in their ability to withstand 
abiotic stresses, both between species and within 
populations of a single species. Abiotic stresses limit 
crop productivity in every season and in every crop 
worldwide, yet the nature of tolerance is not well 


characterized. Understanding the mechanisms of 
tolerance will have a significant impact on crop 
productivity (Boyer 1982). In general, tolerance to 
abiotic stresses is associated with a host of 
morphological and physiological traits; these include 
root morphology and depth, plant architecture, variation 
in leaf cuticle thickness, stomatal regulation, osmotic 
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adjustment, antioxidant capacity, hormonal regulation, 
desiccation tolerance (membrane and protein stability), 
maintenance of photosynthesis, and the timing of events 
during reproduction (Bohnert et al. 1995, Shinozaki and 
Yamaguchi-Shinozaki 1996, Bray 1997, Nguyen et al. 
1997, Edmeades et al. 2001). The complexity of these 
responses is not surprising, because under stress 
conditions plants must be able to tolerate significant 
variations in soil composition, temperature and water 
potential during development. One of the most 
challenging traits for which to breed for is drought 
tolerance, due in large part to its unpredictable nature. 
Selected materials need to perform well under both 
water-limited and well watered conditions. In addition, 
establishing optimal environments to select for 
improved performance under drought is complicated by 
environmental variation. 

Loss to drought in the tropics alone is thought to 
exceed 20 million tons of grain per year, or around 17% 
of well-watered production (Edmeades et al. 1992), 
reaching up to 60% in severely affected regions such as 
southern Africa in 1991-92. The magnitude of these 
losses has made breeding for drought tolerance a major 
focus of the International Maize and Wheat 
Improvement Center, know by its Spanish acronym as 
CIMMYT (for review, see Heisey and Edmeades 1999). 
Drought and soil infertility are the major causes of grain 
yield reduction in developing countries (Beck et al. 
1996), and considering ongoing climatic changes 
attributable primarily to global warming (Curry et al. 
1995), the pressure on food production in water-limited 
environments will probably increase in the future. 
Impressive progress has been achieved through 
conventional breeding (for review, see Heisey and 
Edmeades 1999), and the potential for genetic 
improvement of maize production under drought 
conditions remains large. But it should be kept in mind 
that conventional breeding for yield improvement 
remains time consuming and laborious, because 
carefully managed field conditions are required. In 
addition, there is a decrease in the genetic variance and 
heritability of yield components that parallels an 
increase in environmental stress (Ribaut et al. 1997). 
Considering these limitations to efficient selection, and 
that only one relatively rainfree crop season per year is 
available for selection in most tropical countries, the use 
of molecular markers could provide a useful tool to 
complement phenotypic selection. 

Target traits and QTL identification under water- 
limited conditions 

During the past two decades, molecular tools have 
aided tremendously in identifying, mapping, and 


isolating quantitative trait loci (QTL) and genes in a 
wide range of crop species. The vast knowledge 
generated through the application of molecular markers 
has enabled scientists to analyze the plant genome and 
gain insight on how genes and pathways controlling 
important biochemical and physiological parameters 
are regulated. Three areas of biotechnology that have 
had significant impact are the application of molecular 
markers, tissue culture, and genetic transformation. The 
availability of molecular markers has enabled the 
identification of genes or genomic regions associated 
with the expression of an array of qualitative and 
quantitative traits, and made the manipulation of such 
genomic regions feasible through marker-assisted 
selection (MAS) processes. MAS for single gene, or 
few major genes, transfer has been well demonstrated. 
However, when several genomic regions must be 
manipulated, MAS turned out less convincing. The 
efficient and effective application of MAS for 
polygenic trait improvement certainly needs new 
technologies, but more importantly, it requires the 
development of innovative strategies that bypass the 
conceptual bottlenecks imposed by current approaches 
(Ribaut and Hoisington 1998). Molecular-marker 
applications have also helped us better understand the 
physiological parameters that control plant responses to 
abiotic stress factors, and, more generally, to those 
involved in plant structural development. 
Understanding these pathways has been one of the 
biggest challenges in plant improvement, because an 
observed plant phenotype is the result of the expression 
of many diverse plant physiological and biochemical 
pathways. Given that most physiological tests cannot 
be applied routinely in a breeding program, because 
their protocols are generally too complex or time 
consuming, the genetic dissection of target traits and 
physiological parameters is of primary importance for 
plant breeding. 

Depending on the crop, different key secondary 
traits of interest involved in the plant response under 
water-limited environment have been identified. A 
suitable secondary trait is one that is (i) genetically 
associated with grain yield under drought; (ii) highly 
heritable; (iii) inexpensive and quick to measure; (iv) 
stable over the measurement period; (v) observed at or 
before flowering; and (vi) not associated with yield 
loss under unstressed conditions (Edmeades et al. 
2001). In maize, when drought stress occurs just 
before and during the flowering period, a delay in 
silking is observed resulting in an increase in the 
length of the anthesis-silking interval (ASI) (Hall et al. 
1982, Westgate and Bassetti 1990, Bolanos and 
Edmeades 1993). This asynchrony between male and 
female flowering has been associated with grain yield 
decrease under drought (Westgate and Boyer 1986, 
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Edmeades et al. 2000), is easy to measure in the field, 
and presents a high heritability under stress conditions. 
In sorghum, the term "stay green" is associated to a 
tolerance mechanism characterized by maintenance of 
green stems and upper leaves when water is limiting 
during grain filling. This post-flowering tolerance is 
especially important because of the negative impact of 
drought on yield at this stage. Yield reduction can 
result from reduced seed size as well as from factors 
associated with premature senescence, stalk rot, 
charcoal rot, and lodging of susceptible cultivars. Stay 
green genotypes maintain more photosynthetically 
active leaves than genotypes not possessing this trait 
(Rosenow et al. 1983) and produce significantly higher 
levels of sucrose, glucose, fructose, and starch, 
particularly in the stem (McBee and Miller 1982, 
McBee 1984, Duncan 1984). Since photosynthesis is 
maintained longer in stay green types, this may partly 
account for their higher yield in crops where 
carbohydrate is a main harvest component (Thomas 
and Smart 1993). In rice, scientists looking into 
drought tolerance focused more on the root structure 
and characteristics, as well as on osmotic adjustment 
(OA) in roots (Zhang et al. 2001). The rationale for 
selecting OA and root traits is that a well-developed 
deep root system can facilitate water uptake from 
lower soil layers, and OA can help maintain the turgor 
of both shoots and roots as plants experience water 
deficits (Nguyen et al. 1997, Zhang et al. 1999). 
Populations that segregate under water-limited 
conditions have been developed and QTLs involved in 
the expression of the target trait have been identified in 
all major crops (for review, see Ribaut and Poland 
2000). However, the nature of QTLs at the gene level 
remains unclear, hence our understanding of the 
complexity of plant responses to drought stress 
continues to be incomplete. One of the weaknesses of 
the quantitative genetic approach that limits its use in 
plant breeding is that it provides very little information 
about the mechanisms and pathways involved in 
drought tolerance or about the multitude of genes 
involved in the plant's response. Recent developments 
in functional genomics should help overcome this 
problem, because these new approaches allow the 
simultaneous study of the expression of several 
thousand genes. Results produced by functional 
genomics studies, combined with QTL results, offer us 
a powerful approach to identify and characterize the 
key physiological/biochemical pathways involved in 
drought tolerance. The characterization of QTLs for 
yield that are correlated with secondary traits of 
interest and ultimately with QTL involved in the 
expression of key physiological parameters should 
allow us to bridge the gap between gene function and 
plant phenotype (Ligure 1). 



Fig. 1. Different regulatory levels involved into the plant 
phenotype (left side of the scheme). Depending on the nature of 
the target traits, the QTL identification involved in the expression 
of those traits requires different kind of segregating populations 
and present different levels of genetic complexity, the largest 
number of genes being involved in the expression of the yield 
components (right side of the scheme). 


Genetic dissection of a maize plant’s response under 
a water-limited environment at CIMMYT 

The construction of QTL linkage maps using 
segregating populations is routine at CIMMYT. During 
the past seven years, major efforts have been dedicated 
to the genetic dissection of drought tolerance 
components in maize under water-stress, before, during, 
and after flowering. These efforts resulted in the 
identification of QTLs involved in the expression of 
yield components and secondary morphological traits of 
interest, such as ASI. As presented earlier, of primary 
interest are secondary traits that are correlated with 
yield and demonstrate segregation with high heritability 
under water-limited conditions. To date, genetic 
dissection has been conducted in four different crosses, 
at different inbreeding levels (hybrids, L2:3 families, 
and RILs), under different water regimes (well-watered 
conditions (WW), intermediate stress (IS), and severe 
stress conditions(SS)) and in several environments 
(Kenya, Mexico, and Zimbabwe) (Table 1). 

Much of our past QTL identification has focused on 
yield components and secondary traits of interest, each 
important measures for drought tolerance in maize but 
complex polygenic traits (Ribaut et al. 1996, 1997). To 
more deeply explore, at the genetic level, the maize 
plant's response under water-limited conditions, it is 
necessary to identify the QTL involved in the 


-87- 




J.-M. Ribaut / JIRCAS Working Report (2002) 85-92 


Table 1 

Segregating populations analyzed for yield components, 
morphological traits, and physiological parameters, under 
different stress regimes, in different locations, and at different 
inbreeding levels 


_ Populations _ Trials _ Traits _ 

Ac7643 x Ac7729/TZSRW 92AWW(TL) MFLW, FFLW, ASI, LNO, 

(236 F2/3 Families) 94A IS, SS (TL) EHT, PHT, ENO, GY, HK, 

96A/B LowN (PR) KNO, CHL 
96B HiN (PR) 

Ac7643 X CML247 96A SS (TL) MFLW, FFLW, ASI, LNO, 

(236 F2/3 Families) EHT, PHT, ENO, GY, HK, 

KNO 


Ac7643 x Ac7729/TZSRW 96A IS, SS (TL) MFLW, FFLW, ASI, LNO, 

(236 RIL Families) 96B WW (TL) EHT, PHT, EPO, ENO, 

99A WW, IS, SS (TL) GY, HK, KNO 

K64R x H16 99B IS, SS (ZW) MFLW, FFLW, ASI, PHT, 

(280 F, Topcross Families) 00A IS, SS (KY) ENO, GY, SEN 

K64R x H16 00B SS (ZW) MFLW, FFLW, ASI, PHT, 

(170 F4 Families) EHT, EPO, SEN, ENO, GY 

CML444 x SC-Malawi 00B WW, IS, SS (ZW) MFLW, FFLW, ASI, PHT, 

(234 F, Families) 01A IS, SS (TL) SEN.TBNO, ENO, GY 

Jalisco (teosinte) x LPC21 01A IS, SS (TL) MFLW, FFLW, ASI, ENO, 

(200 BC3F2 Families) GY 

Ac7643 x Ac7729/TZSRW 96A IS, SS (TL) RWC, OP, OA, RCT, 

(236 RIL Families) 96B WW (TL) CHL(J),CHL(E), ABA(E), 

99A WW, IS, SS (TL) ABA(S), ABA (EL), EW, 

01A IS, SS (TL) EGR, SW, SGR 
Ac7643 x Ac7729/TZSRW 98 (Laboratory test) Root parameters under 

(140 RIL Families) hydroponics 

Ac7643 x Ac7729/TZSRW 00 (Phytotron) Pigments, photosystem 

(220 RIL Families) Low temperature parameters, RWC, SHW, RW 

Ac7643 x Ac7729/TZSRW 01 (Phytotron) Pigments, photosystem 

(220 RIL Families) Drought, drought and parameters, RWC, SW, RW 

_ low temperature _ 

Abbreviations 

Location: 

KY: Kenya / TL: Tlaltizapan, Mexico / PR: Poza Rica, Mexico / ZW: Zimbabwe. 
Stress regime: 

WW: Well Watered / IS: Intermediate Water Stress / SS: Severe Water Stress / 
LowN: Low Nitrogen Trial / HiN: High Nitrogen Trial. 

Yield components: 

GY: Grain Yield / ENO: Number of Ears / HK: Hundred Kernel Weight / KNO: 
Number of Kernels. 

Morphological traits: 

MFLW: Male Flowering / FFLW: Female Flowering / ASI: Anthesis-Silking 
Interval / LNO: Number of Leaves / EHT: Ear Height / PHT: Plant Height / EPO: 
ear position / SEN: senescence / TBNO: Number of Tassel Branches / EW: ear 
weight / EGR: ear growth rate for one week / SW: silk weight / SGR: silk growth 
rate for one week / SHW: shoot weight / RW: root weight. 

Physiological parameters: 

RWC: Relative Water Content / OP: Osmotic Potential / OA: Osmotic Adjustment / 
CHL: Chlorophyll content in a young leaf (J) and in the ear leaf (EL) / RCT: Root 
Conductivity / ABA: Abscisic Acid Content, in the ear (E) in the silk (S) and in the 
ear leaf (EL). 


differential expression of the key physiological 
pathways that induce the drought tolerance phenotype. 
To achieve this objective, a RIL population was 
developed by single seed descent from F 3 families 
obtained by crossing Ac7643 with Ac7729/TZSRW 
(Table 1). The same morphological traits measured with 
the F 3 families have also been evaluated in this RIL 
population. RIL families are more suitable than F 3 
families for physiological measurements because they 
are genetically fixed; on the other hand, they are poor 
material for evaluation of yield components because 
they usually demonstrate high inbreeding depression. In 
addition to the physiological parameters measured in¬ 


house, such as relative water content, osmotic 
adjustment, and chlorophyll content, collaborations with 
other research groups allowed us to evaluate root 
growth under hydroponics (Roberto Tuberosa, Bologna 
University), quantify the ABA content in the ear leaf, 
the ear and the silks at the flowering stage (Tim Setter, 
Cornell University), and evaluate the photosynthetic 
apparatus and dehydration phenomena under low 
temperature conditions (Yvan Fracheboud, Institute of 
Plant Sciences ETH, Zurich). Although most of these 
physiological traits are not useful for routine screening 
purposes because they are too time consuming (the 
osmotic adjustment measurement being a typical 
example) once DNA markers closely linked to the QTL 
involved in the expression of a physiological trait are 
identified, they can be used efficiently in MAS 
experiments. Identification at the same genomic 
location of QTL related to physiological and 
morphological traits should be expected, given that 
changes in physiological pathways have an impact on 
the plant phenotype. As an example from our first field 
evaluation, a QTL for chlorophyll content was identified 
on chromosome 2, near a QTL for ASI (under IS and 
SS) and grain yield (under IS only). This QTL for 
chlorophyll content was consistent when measurements 
were conducted on the ear leaf and on a young leaf 
close to the tassel. On chromosome 6, a QTL for 
relative water content corresponds exactly to a QTL for 
ASI (under IS and SS) and grain yield (under IS and 
SS). At the same chromosomic region, the identification 
of a dehydrin gene ( dhnl ) has also been reported 
(Campbell and Close 1997). Since several physiological 
pathways involved in the drought tolerance mechanism 
are well known (e.g., ABA biosynthesis), the 
characterization of the gene(s) corresponding to 
identified QTL can be achieved, making the candidate 
gene approach an attractive option. 

MAS for maize line improvement under drought 

Based on the QTL and mapping information 
described earlier, a backcross marker-assisted selection 
(BC-MAS) project was initiated in 1994. The line P, 
(Ac7643) was used as the drought-tolerant donor line 
and CML247 was used as the recurrent parent. CML247 
is an elite tropical inbred line developed by CIMMYT, 
with outstanding combining ability and good yield per 
se under well-watered conditions. It is susceptible to 
drought, in part because its ASI is large under drought. 
Genetic data from a segregating F 2 population derived 
from the P, x CML247 cross were combined with F 3 
evaluations in the field under different water regimes to 
identify QTLs for traits of interest. The QTLs for ASI 
identified in this cross were quite consistent with those 
in the original P 3 X P 2 cross. Of the five QTLs originally 
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identified from P, that conferred a short ASI, only the 
QTL on chromosome 6 was not detected in the second 
cross. The QTL on the short arm of chromosome 1 was 
shifted by 40 cM in the new cross, and the three other 
QTLs on chromosomes 2, 8, and 10 were in similar 
positions in both. A new QTL for ASI was detected on 
the short arm of chromosome 3. These results 
demonstrate the need to make a new genetic map when 
the recurrent line is changed in BC-MAS schemes. A 
single good-quality trial under drought conditions, 
however, might be sufficient for identifying QTLs of 
interest, providing QTL identification has been 
previously carried out in another cross involving the 
donor line. 

Five genomic regions involved in the expression of 
a short ASI were selected to be transferred from P into 
CML247 genome. The screening of large populations 
(about 2,000 plants) at each selection cycle during 
backcrossing has been possible because of the 
development of reliable PCR-based markers, used here 
as preselection tools. After two BCs and two self- 
pollinations, the best genotype was fixed from the 
donor line for the five target regions (12% of the 
genome), as well as for 7% of the genome lying 
outside the QTL regions (Fig. 2). The 70 best BC 2 F 3 
(i.e., S 2 lines) were identified and crossed with two 
CIMMYT tester inbreds, CML254 and CML274. 
These hybrids, as well as the BC 2 F 4 families (S 3 lines) 
derived from the selected BC 2 F 3 plants, were evaluated 
in 1998, 1999, and 2000 under several water regimes. 
Results show that under stress conditions that induce a 
yield reduction of at least 80%, the mean of the 70 
selected genotypes performed better than the control 
crossed with CML254 and CML274. In addition, the 
best genotype among the 70 selected (BC 2 F 3 x testers) 
performed two to four times better than the control. 
This difference became less marked when the intensity 
of stress decreased; for a stress inducing less than 40% 
yield reduction, hybrids resulting from the MAS or 
developed with the "original" version of CML247 
performed the same. Although which genotypes 
performed best depended on the stress intensity, few of 
the genotypes always performed significantly better 
than the controls across the six water-limited trials. 
Because the genotype performance is dependent to the 
environment or the stress level, those results 
demonstrate that different sets of gene might be 
involved in the plant response depending on the stress 
intensity. No yield reduction was observed under well- 
watered conditions. 


MAS strategies and consensus map 

For approximately 15 years, genetic dissection of 
polygenic traits has been hailed as a promising 
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Fig. 2. With five selected regions, the target genotype of the BC- 
MAS for drought improvement conducted at CIMMYT is 
presented at the top of the figure. Those five regions, at which 
fixed donor genome contribution is expected, represent 12% of the 
mapped genome (70 loci/RFLP probes) and are presented in 
black. At the bottom of the figure is presented the best genotype 
identified after 4 cycles of MAS (2 BCs and 2 self-pollinations). 
For this genotype the remnant donor genome contribution outside 
the target regions represents about 7% of the mapped genome. 


application of DNA markers, resulting in extensive 
mapping experiments aimed toward the development of 
MAS (Lee 1995). However, few concrete MAS results 
have been published that would justify the initial 
enthusiasm (Mohan et al. 1997, Ribaut and Hoisington 
1998) because of the limited number of QTLs identified 
per trait, the reduced amount of phenotypic variance 
that they generally express individually, their interaction 
with the environment, plus the difficulty of epistasis 
evaluation. Until recently, a clear technical limitation 
has been the restricted population sizes that can be 
handled, limiting the flexibility and the power of 
selection. With the development of reliable PCR-based 
markers, a substantial increase in segregating population 
size that can be screened is now feasible. Another 
limitation was certainly the reduced flexibility of the 
"good by bad" concept, the transfer of genomic 
segments from a donor to a recipient elite genome 
through BC, which presents time and cost constraints, as 
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we came to realize in our BC-MAS for drought 
tolerance described in the previous section. However, 
when this project was initiated seven years ago, it then 
appeared to be an attractive option, given the limited 
amount of available information about elite line 
performance under drought. Today, the situation has 
evolved at both the germplasm and technology levels. 
New MAS strategies can be considered for the 
improvement of drought tolerance; some of these 
strategies are already being employed at CIMMYT. If 
the suitable germplasm is available, the pyramiding of 
favorable alleles through DNA markers in new 
germplasm by crossing two elite lines that perform well 
under the target environment conditions, "good by 
good," should open new doors for MAS (Ribaut and 
Betran 1999). 

Another alternative is conducting MAS 
experiments based on "universal drought QTLs" 
identified on a consensus map that incorporates (1) 
QTL information for yield components, morphological 
traits and physiological parameters, (2) candidate 
genes and pathways, and (3) information provided by 
gene expression. The underlying rationale for this 
approach is that genes involved in drought response 
are most likely located at the same position in the 
maize genome, independently of the germplasm 
performance, and that phenotypic differences across 
germplasm is created by the nature/quality of the 
alleles at those genes. An accumulation of elite alleles 
at several genes will confer good drought tolerance, 
while poor alleles will induce susceptibility to drought. 
When a QTL is identified in a segregating population 
for a given trait, it means that the difference of the 
contribution between the two alleles coming from the 
two parental lines is significant at a certain genomic 
position. If in another segregating population the 
difference between the two alleles is not significant 
(e.g., they are both good or bad), although the gene(s) 
are still at the same location, no QTL will be 
identified. For this reason, the results of QTL 
identification for a given trait are cross dependent, 
making the extrapolation of this information 
questionable. However, one can postulate that if a QTL 
identification is conducted on various segregating 
populations for a target trait, the same key QTLs 
should be identified in more than one cross, thereby 
clearly demonstrating the importance of these genomic 
regions for the expression of the target trait. 

To achieve this objective, a unique linkage map 
should be constructed, using the loci that are common 
for the four crosses as anchor markers. In a second 
phase, all of the QTL information available for each 
cross should be compiled on the consensus map (see 
Table 1), assigning a "weight" to each QTL. This weight 
will have two major components: (1) the nature of the 
trait and (2) the threshold value of the QTL identified 


under a specific environment (likelihood ratio, LR). The 
highest weight will be attributed to yield components. 
For secondary traits, consideration should be given to 
the phenotypic correlation between the trait and yield 
components (mainly grain yield and ear per plant). The 
heritability of the trait might also be considered as a 
third component. With all the QTL information 
integrated into a single consensus map, outstanding 
regions involved in the expression of the same trait 
(different crosses or environments) or different target 
traits (same cross and/or different crosses or 
environments) should be identified. If such "universal" 
drought genomic regions are identified, the objective 
should be to conduct MAS experiments on those regions 
for new crosses (good by good lines with different 
genetic background), without making a QTL 
identification in each target cross. 


Functional genomics 

The recent development of genomic technologies 
that provide structural and functional information, 
gene characterization (i.e., the localization, sequence, 
and expression framework of a gene) has received a 
significant boost during the last few years. To date, if 
one tries to establish a list of candidate genes for 
drought tolerance based on gene function, hundreds of 
genes can easily be listed (Skriver and Mundy 1990, 
Bray 1993, Ingram and Bartels 1996, Bohnert et al. 
2000). The questions now are how to prioritize 
research aimed at characterizing the genes involved in 
the drought-tolerance process, and once those genes 
are characterized, how to identify and efficiently 
manipulate the elite alleles at those target loci to 
improve a given variety. The first question must be 
addressed principally by the research groups 
conducting basic genomic research. Of course, 
establishing such priorities is more or less a function 
of the available resources and research objectives of a 
group. The recent discovery of promoter regulatory 
elements, like DRE (dehydration-responsive element) 
or ABRE (ABA-responsive element) involved in both 
dehydration- and low-temperature-induced gene 
expression in Arabidopsis (Shinozaki and Yamaguchi- 
Shinozaki 1997), as well as the identification of 
transcriptional factors interacting with those promoters 
(Liu et al. 1998), are exciting developments. The 
characterization of the genes involved in the initiation 
phase of the stress response (e.g., genes encoding for 
stress-induced transcription factors) should be a logical 
priority, since they represent the "upstream keys" to 
global genomic responses that might involve hundreds 
of genes. Moreover, once they have been identified, 
expression of these key genes should serve as a 
"timing reference" to identify expression products 
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from downstream genes involved in stress responses. 
This can be achieved using microarray technology, as 
described by Chu (1998). 

The new field of functional genomics will provide 
useful information through profiling experiments 
(Seki et al. 2001) and/or through the candidate gene 
approach based on genomic location or function of 
interest. The candidate gene approach is facilitated by 
looking at the large number of sequences and freely 
available gene information found in plant genetic 
databases (maize, Arabidopsis, rice, etc.) to identify 
potential candidate genes and pathways involved in 
drought tolerance. The expression profile of the 
candidate genes defined under "in house" experimental 
conditions will provide important information for 
evaluating the role of potential pathways in target 
germplasm. The correlation on a linkage map between 
a differentially expressed EST and a QTL related to 
the same physiological parameter will be a key step in 
the validation process of a candidate gene. The gene 
expression response, together with the phenotypic 
characterization and additional QTL information about 
a plant, serve as the basis of an integrated approach for 
better understanding the maize response to a water- 
limited environment. Indeed, these three sources of 
information are complementary because the QTL 
characterization, which defines the genetic basis of the 
key physiological parameters, represents the link 
between the differential gene expression mechanisms 
and the morphological plant response. 

Conclusion 

It is clear that a multidisciplinary approach— 
including breeding, physiology, and biotechnology—is 
required for efficient germplasm improvement for 
greater drought tolerance in maize. The QTL 
characterization effort initiated at CIMMYT several 
years ago will continue, with particular emphasis given 
to the genetic dissection of physiological drought- 
adaptive traits. At the same time, we will explore the 
potential of functional genomics, which should provide 
useful information at the gene regulation level. 
Understanding the genetic basis (QTL characterization) 
of the essential physiological parameters of drought 
tolerance in maize, together with the data generated by 
profiling experiments, should allow the identification of 
the key pathways involved in drought stress and how 
they interact. The emergence of molecular genetics and 
associated technologies represents a major new breeding 
tool; the current challenge is to integrate this tool and 
the information it generates into breeding schemes to 
further the development of efficient MAS strategies. 
This, in turn, should lead to improved morphological 
maize response to water-limited conditions. 
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Abstract 


We have embarked on a large-scale functional genomics using the microarray system in order to obtain a global expression profile of 
rice genes. More than 11,000 partial cDNA sequences corresponding to unique genes have been identified at the Rice Genome Research 
Program (RGP). From these sequences, microarrays were constructed using 1265 cDNA clones (phase I) and 8978 clones (phase II) as 
probes. Both the full insert and the gene-specific portions (3'-UTR) of the cDNA clones were spotted on the glass slides using a high¬ 
speed robotic arrayer. About one third of the genes have the annotation from the sequence homology search with the public Data Bases 
such as NCBI Genbank. 

These were used as probes to hybridize target RNAs prepared from normally grown rice tissues (as control) and some stress treated 
tissues, such as some low temperature conditions, a high salt condition, some nutrient deficient conditions, oxidative stress treatment such 
as UV-B and Gamma irradiation and the treatment with Hydrogen peroxide, the additions of excess hormones and the treatment with 
hormone biosynthesis inhibitors and so on. Normalized data among several experiments are summarized in Data Base and the expression 
profiles of the genes are compared. According to the reproducibility of the microarray data, change of the gene expression was focused 
more than three-fold difference. Genes can be clustered into some groups such as "commonly up regulated and commonly down regulated 
responsible for some stress conditions and in some stresses up regulated and in other stresses down regulated genes. 

Summarizing the expression data from the microarray analyses, the full-length sequence data of cDNA clones, gene annotation data 
from the homology search (especially from the mapping data on the chromosomes) and the genomic sequence data from the Rice Genome 
Sequence Project, it is possible to assign the promoter sequences of the genes which show common profile in stress 
responsible expression. 

Keywords; Microarray, Gene expression, cDNA, Oryza sativa 


Introduction 

The Rice Genome Research Program (RGP) has 
undertaken an extensive rice genome analysis since its 
initial launching in 1991 that has resulted in the 


establishment of a catalog of rice genes, 1 a high-density 
linkage map, 2 and a YAC-based physical map. 3 " 10 An 
enormous collection of ESTs was generated from large- 
scale cDNA sequencing using cDNA libraries derived 
from rice callus cultured in different medium and tissues 
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such as root, shoot, leaf and panicle. 11 As of today, more 
than 40, 000 ESTs are analysed thus far, approximately 
more than 11,000 partial cDNA sequences 
corresponding to unique genes have been identified. 
Based on the results of large scale cDNA analysis, 
microarray can be used to monitor gene expression 
profiles and to initiate functional analysis of the rice 
genome. The use of microarray for measuring gene 
expression level is advantageous over other established 
techniques such as Northern blots and RT-PCR because 
it facilitates analysis of a large number of genes 
simultaneously. 12 It will therefore provide a fast and 
efficient method of monitoring the expression profiles 
of thousands of genes that comprise the genome. In 
many systems such as human, 13 ' 14 yeast, 15 " 17 Drosophila , 18 
microarray is already a widely used tool for functional 
analysis. In Arabidopsis, a microarray system has also 
been established. 19 Although the use of plant 
microarrays is only at it's beginning, this approach will 
soon be a standard investigative approach in plant 
biology as well. 20 ' 22 

We initiated a rice cDNA microarray project 
beginning in April 1999 that aims to elucidate the 
function of all genes in rice using a gene expression 
monitoring system. The National Institute of 
Agrobiological Sciences (NIAS) and the Institute of the 
Society for Techno-innovation of Agriculture, Forestry 
and Fisheries (STAFF) are jointly conducting this 
project in collaboration with 64 research institutions all 
over Japan. We have constructed 1265 probes (phase I) 
and 8987 probes (phase II) microarrays and we have 
embarked on a rice functional genomics using the 
various target RNAs. 23 Sequence data and the homology 
search results of the probe clones are shown in our 
WEB site http://microarray.rice.dna.affrc.go.jp. In this 
manuscript, we have focused on the expression profiles 
of the genes which altered transcription pattern after 
UY-B and gamma irradiation. Comparing which genes 
are up- and down regulated we have discussed the 
similarity of the different stress treatments. 


Material and Methods 

Rice cDNA clones as probes for microarray 

All cDNA clones were generated by large-scale 
cDNA analysis at RGP (Yamamoto et al. 1997). Gene 
clustering to obtain the unique clones was performed by 
BFASTN. Sequence homology search (BFASTN and 
BFASTX) was performed with the representative clones 
of the clusters as queries, the results are shown in our 
WEB site http://microarray.rice.dna.affrc.go.jp. 

Amplification of cDNA insert 

The vectors used for the cDNA library constructions 
were 7.ZAPII. Insert cDNA clones were amplified by 


PCR using Ml3 as primer (TAKARA, Shiga, Japan); 
M4 (5'-GTTTTCCCAGTCACGAC) and RV (5'- 
CAGGAAACAGCTATGAC) were complementary to 
vector sequences flanking both sides of the cDNA 
insert. Plasmid template (1-2 ng) was added to 50 pi 
PCR mixture containing 0.2 pM of each nucleotide, 0.4 
pM of each primer, 2.5 mM of Mg 2+ and 1.25 units of 
Taq polymerase. Inserts were amplified by PCR with 30 
cycles of 94°C for 1 min, 60°C for 2 min, 72°C for 2 
min, an initial denaturation at 94°C for 1 min and final 
extension at 72°C for 10 min. The 3'-UTR of the cDNA 
clones were amplified using each specific primer 
complementary to the specific region of each cDNA 
clone. The PCR was carried out in same condition as the 
cDNA full insert amplification. Both PCR products 
were purified using QIAquick 96-column (QIAGEN, 
Tsukuba, Japan), and mixed with water and reagent D 
(Amersham Pharmacia, Tokyo, Japan) for microarray 
fabrication. In general, the total quantity of each PCR 
product was greater than 1 pg. The average size of full 
inserts and 3-UTR in the cDNA clone was about 1000 
and 200 bp, respectively. 

Spotting 

We spotted cDNA probes in duplicate on aluminum- 
coated and DMSO optimized glass slide (1" x 3") using 
an Array Spotter Generation III (Amersham Pharmacia, 
Tokyo, Japan). The spot density is 4,608 spots of clones 
stored in twelve of 384-well microtiter plates are 
duplicated on the 20mm x 60 mm area. The spotter was 
maintained at 55% humidity. After spotting the slides 
were dried for about 1 hr under the same condition and 
exposed to UY for cross linking. 

Plant materials and RNA isolation 

Mainly Oryza sativa F. cv. Nipponbare was used 
for RNA extraction and target preparation. Feaf and 
root tissues were collected from laboratory-cultured 
plants at several days post germination. Callus was 
induced from seeds cultured in MS medium 
supplemented with 2, 4-dichlorophenoxy acetic acid at 
25°C for 20 days. Flower buds were collected at day 
one of developing stage. Stress treatments were 
performed to these tissues by several ways. Then the 
plants and calli were grown side by side and at some 
time points samples were taken. 

Condition of UV-B and Gamma irradiation is as 
follows. Two week-old seedlings of O.sativa F 
Nipponbare were irradiated with UV-B and Gamma rays 
from “Co. Dosage of UV-B is 3.8J/m 2 sec for 0.6 min. 
to 4.8 min and irradiated with Gamma rays from 60 Co 
(9.2 Gy /min) for 1.3 min to 8.5 min. Sampling was 
made at time 0 and 8hr to 3 days after irradiation. 

Tissue samples for RNA preparation were quick- 
frozen in liquid nitrogen. Total RNA was prepared using 
the method of Chirgwin et al. (1979). Poly (A)+ RNA 
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was purified using Oligotex-dT super (TAKARA, 
Shiga, Japan) from 200 pg of total RNA. 

Labeling and Hybridization 

Each poly (A)+RNA was labelled by reverse 
transcript reaction with Cy-5 (Amersham Pharmacia, 
Tokyo, Japan). The reverse transcript reaction mixture 
was composed of lpg poly(A)+RNA, oligo-(dT)25, 
random nonamer, control cRNA, lxSSII reaction buffer, 
DTT, dATP 2mM, dGTP 2mM, dTTP 2mM, dCTP ImM, 
Cy-5dCTP ImM and SSII reverse transcriptase. The 
control cRNAs were synthesized by in vitro transcription 
from mouse platelet-derived growth factor receptor gene 
and Homo sapiens c-kit proto onco gene. These cRNAs 
were used as quantitative controls at 1 ng, 0.5 ng, 0.1 ng 
and 50 pg. The ratios of the control cRNA were 100:100 
000, 50:100 000, 10:100 000 and 5:100 000. After 
incubation at 42°C for 2.5 hr, the reaction mixture was 
denatured at 94°C for 3 min and RNA was degraded by 2 
pi 2N NaOH at 37°C for 15min. Following degradation, 
the mixture was treated with 10 pi 2M HEPES for 
neutralization. The labelled targets were purified with 
Qiaquick PCR Purification Kit (QIAGEN, Tsukuba, 
Japan) and dried using a vacuum concentrator. The dried 
targets were resuspended in a 6 pi water and denatured at 
95 °C for 4 min. A 1.5 pi Oligo A80 (1 mg/ml) was added 
to the re-suspended targets and 7.5 pi 4 x hybridization 
buffer containing SSC, SDS, Denhardt's solution, salmon 
sperm DNA, formamide, 15 pi formamide. A final 
volume of 30 pi was used for hybridization. 

Washing, Scanning and Data analysis 

After 16 hr of hybridization, the glass slides were 
washed in 1 x SSC / 0.2% SDS for 10 min at 55°C 
under dark condition, then in 0.1 X SSC / 0.2% SDS for 
10 min at 55 °C twice in the dark condition and finally, 
in 0.1 X SSC for 1 min at room temperature twice. After 
the final wash, the slides were briefly rinsed with 
distilled water and air dried using air duster in a dust 
free environment. The hybridized and washed 
microarrays were scanned using an Array Scanner 
(Fujifilm FLA8000). Scanned spot data are indicated in 
Figure 1. A computer software, Array Gauge from 
Fujifilm was used to locate and delineate every spot in 
the array and to integrate spot intensities and volumes 
for each individual spot. 

Volume detection 

The control cRNA (1 ng, 0.5 ng, 0.1 ng and 50 pg) 
was added to 1 pg sample mRNA, thereby resulting in 
control cRNA to sample mRNA ratios of 100:100 000, 
50:100 000, 10:100 000 and 5:100 000. The control 
cRNA and sample mRNA mixtures were reverse- 
transcribed in the presence of Cy-5dCTP into the first 
cDNA strand, and hybridized to complementary DNA 
elements on the microarray. 



Fig. 1. Scanning pattern of Microarray slides 

In this figure, five duplicated fields are shown. One field consists 
of 12 rows and 32 columns. Target RNAs were labelled with Cy3 
and Cy5. 


Results and Discussion 

Reproducibility of the array data 

At first for the microarray analysis, the 
reproducibility of the spot signal data is very important. 
We have performed two types experiments to check the 
reproducibility. One is to check the signal 
reproducibility of the duplicated spot data. The other is 
that the same target RNA labelled at the same time was 
hybridized with the different glasses. In both cases, 
scattered plots of the spot signals were drown as 
indicated in Figure 2. Distribution of the spots were 
from 2 (log 2 X=l) to 32768 (log 2 Y =15). Then the 
threshold intensity is about 11 (log 2 Z = 3.5 indicated 
with a dotted line in Figure 2). 

Almost all the spots, which have the intensity more 
than threshold, located within the three fold lines (the 
region between two green lines in Figure 2). Therefore 
we have determined to focus the genes which show the 
change of expression more than three times. 

Gene expression profiles of UV-B irradiation and Gamma 
irradiation 

In our data analysis rule, the spots which show 
irreproducible signal between the duplicated spots data 
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2105 0 C31 (glass 1) 



Fig. 2. Scattered plot of the experiment checking the 
reproducibility of the micro array data 

To check the reproducibility with the signal of duplicated spot 
data, each spot signal data are plotted. Dotted lines indicate the 
threshold line of signal intensity. Green lines are log3 and log 1/3 
lines, blue lines are log2.5 and logl/2.5 lines, and red lines are 
log2 and log 1/2 lines. Spots locate between the lines show the 
difference of signals are with the indicated folds. 


are removed, then the genes which show the change of 
the spot intensity more than three folds after irradiation 
are listed. As shown in Table 1, about 1% of the genes 
show up-regulated gene expression pattern one day after 
UV-B irradiation, and 0.5% to 1% genes show down- 
regulation expression pattern in the same targets. On the 
other hand, three days after UV-B irradiation, number of 
the genes showing similar pattern increases, however the 
common genes listed in 1 day and 3 days after irradiation 
are few (Table 2). Only seven genes are commonly up- 
regulated and seven genes are commonly down-regulated 
in the case of low dosage condition (136.8 J/m 2 ). 
Methalothionein-like protein gene and alpha 1 tubulin 
gene are the member of commonly up-regulated genes. 
The gene which has an annotation of Brassica napus 
mRNA for CTP: phosphocholine cytidyltransferase and 
the other gene with Glycine max seed maturation protein 
PM36 are the member of commonly down-regulated 
genes. The same pattern is also observed in the high 
dosage (1094.4 J/m 2 ) condition. Among 22 commonly 
up-regulated genes, acidic class III chitinase OsChib3a, 
pathogenesis-related thaumatin-like protein, 
Methalothionein-like protein, Putative peroxidase are 


Table 1 

Number of genes showing more than three fold change of 


expression after UV-B 
seedlings 

irradiation to 

the two week-old rice 


Pattern of Alteration of Gene Expression 

Condition of 

No of UP-regl 

No of DOWN- 

irradiation 

clones 

regl clones 

(J/m 2 day after irrad.) 



136.8 1 

83 

76 

136.8 3 

453 

300 

1094.4 1 

95 

43 

1094.4 3 

819 

648 



using 8,987 probe array 


Table 2 

Number of the genes which commonly regulated after one and 
three days after UV-B irradiation 


Gene expression profile 


1 day after irrad. 3 days after irrad. 

Number of genes 

(136.8 J/m 2 ) 
UP 

UP 

7 

UP 

DOWN 

1 

DOWN 

UP 

1 

DOWN 

DOWN 

7 

using 8,987 probe array 

(1094.4 J/m 2 ) 



UP 

UP 

22 

UP 

DOWN 

1 

DOWN 

UP 

0 

DOWN 

DOWN 

5 

using 8,987 probe array 


involved. These data suggest that although some stress- 
related genes are listed up, however, the groups of the 
genes which show early response after UV-B irradiation 
(lday) and late response after UV-B irradiation (3 days) 
are different. Further analyses, such as the time course 
experiments, are needed. 

In the case of Gamma irradiation similar patterns are 
observed. Eight hours after irradiation 173 and 569 
genes are listed as up-regulators in low (11.96Gy) and 
high (78.2Gy) dosage conditions, respectively, and the 
number increased in the case of 24 hours after 
irradiation in low dosage condition (450 and 541). 
Down-regulators show the similar results (Table 3), 
however, the commonly regulated genes in both 
sampling times are very rare (Table 4). Among ten 
commonly up-regulated clones in low dosage condition, 
alcohol dehydrogenase I gene, beta tubulin gene, 
NADH-Ubiqinone oxidoreductase subunit and poly 
ubiquitin gene are involved. While in the high dosage 
condition, almost all members of 20 commonly up- 
regulated genes are unknown. These data also suggest 
that the groups of the genes which show early responses 
and late responses should be separated. 
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Table 3 

Number of genes showing more than three fold change of 
expression after Gamma irradiation to the two week-old rice 



Pattern of Alteration of Gene Expression 

Condition of 

No of UP-regl 

No of DOWN- 

irradiation 

clones 

regl clones 

(Gy hr after irrad.) 



11.96 8 

173 

46 

11.96 24 

450 

264 

78.2 8 

569 

471 

78.2 24 

541 

432 



using 8,987 probe array 

Table 4 



Number of the genes which commonly regulated after one and 
three days after UV-B irradiation 

Gene expression profile 


8 hr after irrad. 24 hr after irrad. 

Number of genes 

(11.96 Gy) 
UP 

UP 

10 

UP 

DOWN 

12 

DOWN 

UP 

0 

DOWN 

DOWN 

2 



using 8,987 probe array 

(78.2 Gy) 



UP 

UP 

20 

UP 

DOWN 

131 

DOWN 

UP 

128 

DOWN 

DOWN 

13 


using 8,987 probe array 


UV-B and Gamma irradiations are both the DNA 
damage stresses and induce the Active Oxygen Species 
then the radical scavengers such as ascorbic acids and 
many kinds of flavonoids are known to accumulate in 
plant. Though these two stimuli induce the similar 
physiological effects to the plant, however, our 
microarray data show very small number of the genes 
commonly induced by both stimuli. Those are the gene 
with the annotation of Citrus iyo gene for 
polygalacturonase inhibitor (PGIP), major intrinsic 
protein, beta tubulin, eukaryotic initiation factor, lipid 
transfer protein, and methalothionein-like protein. 

Using these gene expression profiles as parameters 
for checking the similarity of the stimuli, we have 
compared the list of genes which show the alteration of 
expression after several stress treatments such as the 
elicitor treatment, nutrition stress, cold stress, salt stress 
and treatment with several phytohormones. At this 
moment, we have the feeling that the gene expression 
profiles between the UV-B irradiation and the elicitor 
treatment are similar. Gamma irradiation and low 
temperature treatment commonly list up the similar 
genes. To confirm these data, further analysis and the 


intensive comparison with the several conditions are 
necessary. 

Conclusion 

At this moment we can conclude two advantageous 
points of Microarray technology. One is that Microarray 
technology is a powerful technology to obtain the genes 
which show the interesting expression pattern in target 
RNAs. The other point is that comparison of the 
expression profiles of the genes of different targets, it is 
possible to estimate the similarity or the difference of 
the compared stimuli. 
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J IRC AS 


JIRCAS Visiting Research 
Fellowship Program at Tsukuba 
2001 


Japan International Research Center for Agricultural Sciences (JIRCAS) (formerly 
Tropical Agriculture Research Center) has implemented the “Visiting Research 
Fellowship Program at Tsukuba” since 1995. 

The fellowship aims at the promotion of collaborative research to address various 
problems confronting the countries in developing regions on a global scale, including 
the critical situation of food production, the progression of desertification and the 
gradual disappearance of genetic resources. 

JIRCAS which is located in Tsukuba Science City and is equipped with facilities for 
advanced research, is inviting young promising researchers from institutes in 
developing regions who will play a major role in the activities of these institutes in 
future to carry out collaborative research for the sustainable development or rapid 
progress of agriculture, forestry and fisheries compatible with the preservation of the 
natural environment. 

Under the Fellowship Program, a total of ten (10) researchers will be invited, of which 
six (6) will undertake the JIRCAS type projects for a period of one (1) year and the 
other four (4) researchers will be engaged in the NIAR type projects for a period of five 
(5) months. The former six (6) will carry out collaborative research at JIRCAS HQ, 
while the latter four (4) will conduct research at the National Institute of Agrobiological 
Resources (NIAR) at Tsukuba. 


Fellowship Qualifications 

(1) Applicants should be outstanding researchers who will play a major role in the 
activities of the respective institutes in future. After the completion of the 
Fellowship, they should continue to carry out research at the same institute. 
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(2) Hold a Master’s degree in a field relating to socio-economics and natural 
sciences and technology or equivalent qualifications in related fields. Be preferably 
less than 35 years of age. 

(3) Carry out research related to one of the themes listed under “Research 
Themes”. 

(4) Should enjoy a good health. 

(5) Have an adequate command of English or Japanese language. 

Tenure 

In principle, starting from October 2001, the JIRCAS type projects will cover a 
period of one (1) year and the NIAR type projects will cover a period of five (5) 
months. 


Fellowship Conditions 

(1) A round-trip airline ticket (economy class) will be available (except for 
dependents). 

(2) Living allowance: 260,000yen per month. 

(including housing allowance) 

(3) Housing: International Guesthouse 

2-1-2, Kan-nondai, Tsukuba (single room) 

(4) Fixed-rate insurance package (for injury, sickness and damage, etc.) will be 
offered under the JIRCAS Fellowship Program, (except for dependents) 

Application Procedure (This year's application has come to a close.) 

Applicants are required to submit the following documents to the Director General 
of JIRCAS. 
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(1) Application form 

pdf Word 6.0/95(*.doc) 

(2) Copies of the most important articles (Up to 3) 


Deadline for Application 

March 15, 2001 


Notification 

JIRCAS will examine the application documents and notify the results of the 
selection to the successful applicants and their recommending authorities about 
three months after the deadline date for application. 

Further information about the Visiting Research Fellowship Program can be 
obtained from the International Relation Section, Japan International Research 
Center for Agricultural Sciences, 1-2, Ohwashi, Tsukuba, Ibaraki, 305-8686 Japan. 


URL: 

http://www.iircas.affrc.go.jp/ 

E-mail: 

irs(5)iircas.affrc.go.ip 

Tel: 

81 - 298 - 38 -6335 

Fax: 

81 - 298 - 38 -6337 
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JIRCAS Visiting Research Fellowship at Tsukuba 2002 

Application Form to 

The Japan International Research Center 
for Agricultural Sciences (JIRCAS) 

(Do type or write in block letters) 

Name: Dr./Mr./Ms. (please underline the family name) 

Date of birth: (Day/Month/Year) _ 

Marital status: ( ) Single ( ) Married Sex: ( ) Male ( ) Female 

Nationality: _ Religion: _ 

Institution: 

Name: _ 

Division: _ 

Position: _ 

Address: _ 


Photo¬ 
portrait 
(30 x 40) 


Tel. No.:_ Fax. No.:_ E-mail :. 

Education (the last only) 

Name of institution: _ 

Subject majored: _ 

Year of graduation: _ Degree, diploma: _ 


Theme you wish to study [check the theme (o)] 

I. JIRCAS type (Period : One year) 

1. JIRCAS Development Research Division 

( ) a. Changes in agriculture and rural structure using a mathematical model. 

( ) b. Development of method of monitoring agricultural land use and crop production 
using remote sensing and GIS. 

( ) c. Research strategies for increase in food production and rural development in 
African Countries. 
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2. JIRCAS Biological Resources Division 

( ) a. Development of new types of crops with stress-tolerant traits by gene 
transformation. 

( ) b. Development of molecular methods for the evaluation and utilization of rice, 
wheat, soybean and their wild relatives. 

3. JIRCAS Crop Production and Environment Division 

( ) a. Analysis and evaluation of climate and human impacts to natural resources 
cycles of nitrogen and related materials in agro-ecosystems. 

( ) b. Geological and mineralogical characterization of salt accumulation in dry-land 
agriculture and restoration technology development with locally available 
resources. 

( ) c. Physiological mechanism on nutrient acquisition of crops from low-fertility 
tropical soils. 

4. JIRCAS Animal Production and Grassland Division 

( ) a. Studies for physiology and ecology of endophytic micro-organisms 
(nitrogen-fixing bacteria, chitinase-producing bacteria, etc.) in plants. 

5. JIRCAS Food Science and Technology Division 

( ) a. Determination and analysis of natural antioxidants and antimutagens from 
indigenous plants to improve the economical value. 

( ) b. Development of practical methods of utilizing natural materials as insecticides, 
fungicides and antibacterial agents for reducing the postharvest losses. 

( ) c. Investigation of interaction of food components and developing a new food 
processing technology. 

( ) d. Development of technologies for food preservation, distribution and processing. 

6. JIRCAS Forestry Division 

( ) a. Studies on material properties affecting pulp production of unused tropical 
lignocellulosic resources including oil palm. 

7. JIRCAS Fisheries Division 

( ) a. Physiological studies on aquaculture fish (prawns will be included). 


II. NIAS type (Period : Five months) 

( ) 1. Methods for the analysis and preservation of biodiversity. 

( ) 2. Production of new biological resources through the application of 
biotechnological procedures. 

( ) 3. Methods for the analysis and control of biological functions. 
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Outline of your present study 

Title: _ 


Designation by the Authority of the Institute 

(to be filled in by the official representative or private authority of the institution where the applicant is employed) 


To: The President of JIRCAS 

I certify that I have examined the above documents and confirm that the information given 

by the applicant is authentic. I here by designate the applicant, _ 

above, as a candidate for the fellowship awarded by the President of JIRCAS. 

Signature: _ 

(typed): _ 

Institution: _ 

Position: _ 

Date: _ 
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Your important publications: Please attach the photo copies of the most important articles (Up to 3) 


[Author(s), Date of publication, Title of article, Title of journal or publication, Volume/Page, Country where published] 

1. Smith, J.T., Davidson, A.B.C and Yamada, T. (2000). Evaluation of structural characteristics of naturally ventilated 
multi-span greenhouses using computer simulation. JIRCAS Journal. Vol. 2, p. 45-49. Japan 

2. 

3. 
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JIRCAS Visiting Research 
Fellowship Program 
at Okinawa 2001 



Japan International Research Center for Agricultural Sciences (JIRCAS) (formerly Tropical Agriculture Research 
Center) has implemented the “Visiting Research Fellowship Program at Okinawa” since 1992. 

The Fellowship emphasizes presently pioneer research on the conservation of the global environment and optimum 
utilization of bio-resources in the tropics and subtropics. 

The successful candidates, the number of which will be about 10, will undertake relevant research pertaining to one of 
the four themes listed below. Research will be carried out at the Okinawa Subtropical Station of JIRCAS in Ishigaki 
City, Okinawa Prefecture which is located in the subtropical zone of Japan and is equipped with advanced facilities for 
research. 


Research Themes 

(1) Development of techniques for environmental control by using plants and microorganisms specific to the 
tropics and subtropics. 

(2) Elucidation of the mechanism of heat tolerance of tropical and subtropical plants. 

(3) Identification and evaluation of salt-tolerant crops. 

(4) Evaluation and utilization of useful traits of plant genetic resources in the tropics and subtropics. 
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Fellowship Qualifications 

(1) Applicants should be nationals of developing countries, be currently employed in a research organization 
(institute or university, etc.) and be engaged in research relating to tropical or subtropical agriculture and forestry, 
in principle. 

(2) Hold a Ph. D. degree in a field relating to natural sciences and technology or equivalent qualifications in related 
fields. 

(3) Be a researcher who will take up research subjects related to one of the four themes listed in the forementioned 
“Research Themes". 

(4) Be preferably less than 45 years of age. 

(5) Should enjoy a good health. 

(6) Have an adequate command of English or Japanese language. 

(7) Be committed to pursuing research in fields related to tropical agriculture and forestry after the termination of 
the Fellowship. 


Tenure 

In principle, one year, starting from October 2001. 


Fellowship Conditions 

(1) A round-trip airline ticket (economy class) will be available (except for dependents). 
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(2) Living allowance: 260,000yen per month. 

(excluding housing allowance) 

(3) Housing (cost borne by JIRCAS): Maison ICRS, 874 Maezato, 

Ishigaki, Okinawa, 907-0002 JAPAN 

(4) Fixed-rate insurance package (for injury, sickness and damage, etc.) will be offered under the JIRCAS 
Fellowship Program, (except for dependents) 


Application Procedure (This year's application has come to a close.) 

Applicants are required to submit the following documents to the Director General of JIRCAS. 

(1) Application form 

pdf Word 6.0/95(*.doc) 

(2) Copies of the most important articles (Up to 3) 


Deadline for Application 

March 15, 2001 

Notification 

JIRCAS will examine the application documents and notify the results of the selection to the successful applicants 
and their recommending authorities about three months after the deadline date for application. 
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Further information about the Visiting Research Fellowship Program can be obtained from the International 
Relation Section, Japan International Research Center for Agricultural Sciences, 1-2, Ohwashi, Tsukuba, Ibaraki, 
305-8686 Japan. 


URL: 

http ://ss. i ircas. affrc. go .ip/index. html 

E-mail: 

irs(a) iircas. affrc. go. i p 

Tel: 

81 -298 - 38 - 6335 

Fax: 

81 -298 - 38 - 6337 

E 

H O M I£ 


http://ss.jircas.affrc.go.jp/shouhei/fellow_Okinawa.htm (4 of 4) [10/7/2002 9:11:23 PM] 
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Application Form to 

The Japan International Research Center 
for Agricultural Sciences (JIRCAS) 

(Do type or write in block letters) 

Name: Dr./Mr./Ms. (please underline the family name) 


Date of birth: (Day/Month/Year) _ 

Marital status: ( ) Single ( ) Married Sex: ( ) Male ( ) Female 

Nationality: _ Religion: _ 

Institution: 

Name: _ 

Division: _ 

Position: _ 

Address: _ 


Photo¬ 
portrait 
(30 x 40) 


Tel. No.:_ Fax. No.:_ E-mail:_ 

Education (the last only) 

Name of institution: _ 

Subject majored: _ 

Year of graduation: _ Degree, diploma: 


Theme you wish to study [check the theme (o)] 

1. Efficient use of water and fertilizers 

( ) a. Field evaluation and control of nutrient and water movement in soil profile. 

( ) b. Development and/or analysis of water saving technique to use the sub-soil 
stored water. 

2. Evaluation and utilization of heat- and salt-tolerant crops 

( ) a. Elucidation of the mechanism of crop heat tolerance. 

( ) b. Development of salt-tolerant crops. 
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3. Evaluation and characterization of tropical and subtropical fruits 

( ) a. Evaluation and characterization of functional constituents of tropic and 
subtropic fruits. 

( ) b. Research for photosynthetic carbon dioxide exchange, transpiration and water 
uptake of tropical fruit crops. 

4. Evaluation and utilization of useful traits in sugarcane and sweet potato 

( ) a. Cloning of anthocyanin transcription activator genes and transformation in 
sweet potato. 

( ) b. Development of efficient Agrobacterium-mediated transformation method in 
sugarcane. 

5. Integrated pest management of tropical and subtropical crops 

( ) a. Elucidation of the mechanism in transmission and propagation of citrus 
greening organism. 

( ) b. Purification of citrus greening organism and analysis of the pathogen-specific 
proteins. 

( ) c. Ecological studies on insect pests of tropical and subtropical crops and their 
natural enemies; (e.g. citrus psylla and its parasitic wasps). 


Outline of your present study 

Title: _ 
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Designation by the Authority of the Institute 

(to be filled in by the official representative or private authority of the institution where the applicant is employed) 


To: The President of JIRCAS 

I certify that I have examined the above documents and confirm that the information given 

by the applicant is authentic. I here by designate the applicant, _ 

above, as a candidate for the fellowship awarded by the President of JIRCAS. 

Signature: _ 

(typed): _ 

Institution: _ 

Position: _ 

Date: _ 
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Your important publications Please attach the copies of the most important articles (Up to 3) 

[Author(s), Date of publication, Title of article, Title of journal or publication, Volume/Page, Country where published] 

1. Smith, J.T., Davidson, A.B.C and Yamada, T. (2000). Evaluation of structural characteristics of naturally 
ventilated multi-span greenhouses using computer simulation. JIRCAS Journal. Vol. 2, p. 45-49. Japan. 

2. 

3. 
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Diurnal and Seasonal Changes in CO 2 Concentration and 
Flux in an Andisol and Simulation Based on Changes in 
CO 2 Production Rate and Gas Diffusivity 

Seiko YOSHIKAWA* and Shuichi HASEGAWA 

Department of Natural Resources, National Institute of Agro-Environmental Sciences 
(Tsukuba, Ibaraki, 305-8645 Japan) 

Experimental results of this report were partly reported^) 

Present address: 

* Department of Integrated Research for Agriculture, Shikoku National Agricultural Experiment Station 
(Zentsuji, Kagawa, 765-0053 Japan) 

Corresponding author: S. Yoshikawa (seikoyo@skk.affrc.go.jp, fax +81-877-62-1130) 


Abstract 

Changes in the concentrations and fluxes of CO 2 were monitored to a depth of 100 cm in an Andisol, 
under both fallow and soybean crop for a period of one year. Gas flux was calculated by the diffusion 
equation. Diurnal concentrations at depths less than 40 cm followed a sinusoidal pattern similar to that of 
the soil temperature, with the highest value being recorded in the daytime. Heavy rainfall which closes 
air voids open to the atmosphere resulted in a higher CO 2 concentration in the shallow soil layers. The 
subsequent decrease in the concentration in the shallow layers by the recovery of diffusion paths to the 
atmosphere was accompanied by an increase in concentrations in the deeper soil layers. CO 2 
concentration profile under soybean showed a peak at depths that increased gradually from 20 to 80 cm 
with the growth of the roots. Upward CO 2 fluxes decreased with depth in both fields, and the fluxes in 
the soil profile were high in summer and low in winter. CO 2 fluxes from the soil surface calculated by the 
diffusion equation and measured by the closed chamber method were fairly well correlated. Annual CO 2 
fluxes were 3,522 g nr 2 under fallow and 4,975 g nr 2 under soybean. The CO 2 movement in soil was 
simulated by use of the diffusion first law combined with the mass conservation equation. This 
mechanistic model enabled to analyze phenomena occurring under field conditions, suggesting that soil 
aeration is controlled by gas diffusion. 

Discipline: Soils, fertilizers and plant nutrition 

Additional key words: carbon dioxide, gas diffusion 

1)—13): References 
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Introduction 

Carbon dioxide (CO 2 ), amounting to about 0.03% in the air, is referred to as "the greenhouse-effect gas" 
in the same way as methane, nitrous oxide, ozone, etc. because it absorbs infrared rays. Increase of the 
concentration of greenhouse-effect gases induces the warming-up of the earth which affects biological 
phenomena. According to the IPCC (Intergovernmental Panel on Climate Change) report, the 
contribution of CO 2 to the warming-up of the earth is estimated at about half or more of the whole. CO 2 
concentration in the atmosphere is controlled by exchange processes between the atmosphere, and the 
ocean and land biosphere. Therefore soils, which are the main habitat of land organisms, also play an 
important role in the changes in the CO 2 dynamics. 

Quantitative analysis of CO 2 movement in soil profiles is essential for analyzing the carbon circulation 
and CO 2 emission from lands. De Jong and Schapperbh studied the CO 2 flux and respiration rate at 
various depths in a soil by applying the diffusion equation combined with the mass conservation 
equation. They measured the CO 2 concentration in a virgin prairie in Canada from May to November and 
recorded the highest surface CO 2 flux in June (7.5 x 10' 4 g nr 2 s _1 ) and the lowest one in November 
(almost zero). They observed that the highest CO 2 concentration shifted downward toward summer, and 
ascribed this phenomenon to the gradual increase in the soil temperature with depth as the season 
progressed, combined with a decrease in the moisture content due to evapotranspiration. Campbell and 
Frascarelli 2 ! measured CO 2 fluxes using sampling wells through which CO 2 was trapped by an absorbent 
solution. They showed that the CO 2 flux decreased with depth and increased throughout the profile about 
2 weeks after the increase in the soil temperature. 

However, CO 2 concentration profiles on an hourly basis and after rainfall events are poorly documented, 
and more data on the CO 2 flux from fallow and cultivated fields are needed for analyzing CO 2 emission 
from agricultural lands. 

The objectives of the present study are to investigate the diurnal changes, rain-induced changes, and 
seasonal changes in CO 2 concentrations and fluxes, and to confirm that soil aeration is controlled by gas 
diffusion through the simulation of the characteristics in CO 2 concentration changes using a model based 
on the gas diffusion law. 
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Experimental procedures 

1) Field experiment 

Field experiments to analyze the CO 2 behavior in an Andisol were conducted throughout a year from 
June 24, 1991 to June 25, 1992, in fields of the National Institute of Agro-Environmental Sciences 
(latitude 36°01' N and longitude 140o 07 E). The soil was a Hydric Hapludandi), which extended over a 
200 cm depth. 

The soil profile was divided into 6 layers, Apl (0 to 20 cm), Ap2 (20 to 37 cm), 2B1 (37 to 79 cm), 3B21 
(79 to 108 cm), 4B22 (108 to 155 cm) and 5B23 (155 to 200 cm). The top 4 layers were used in this 
study. A fallow field and a field cultivated with soybean (Glycine max Merr. (cv. Tachinagaha)) were 
used for the experiments. They were adjacent and the area of each field was 150 m2. Soybean was sown 
on May 8, 1991, at a seed spacing of 15 cm on 65 cm rows and harvested on December 2. Plant residues 
above the ground were removed from the fields. Winter wheat (Triticum aestivum L. (cv. Norin No.61)) 
had been cultivated previously in both fields from the autumn of 1990 to the spring of 1991. 

The soil profile and depths where measurements and samplings were performed are shown in Fig. 1. 
Triplicate soil air samples were withdrawn into 3 cm3 vial bottles with a rubber cap in vacuo from 
gas-sampling tubes installed at depths of 2.5, 5, 17.5, 22.5, 34.5, 39.5, 55, 76.5, 81.5 and 100 cm below 
the soil surface. The gas sampling tubes were installed in the fields at least at 30 cm intervals. In the 
soybean field, the sampling tubes were buried between rows. The tube consisted of a polyethylene filter 
(8 mm in diameter, 10 cm in length), a hollow needle, a capillary tube (0.5 mm in inside diameter) 
connecting the filter and the needle, and an acrylic tube (10 mm in outside diameter)9). The gas sampling 
tubes were inserted into holes bored in advance with a soil auger 21 mm in diameter, and the gap 
between the gas sampling tube and the wall of the hole was deliberately filled up by soils. The open end 
of the hollow needle was stuck into a rubber tap except at the time of the measurements. The air sample 
at 0-2 cm above the soil surface was drawn into the vial bottle through a hollow needle that pierced the 
rubber cap. Concentrations of CO 2 in the vial bottles were analyzed within 1 h after sampling by 
injecting 0.3 cm3 of sample air into a gas chromatograph (Hitachi gas analyzer, model 263-70, FID with 
Ni catalyst) using Porapack Q columns and N 2 as a carrier. 
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Fig.l. Soil profile, measurements and sampling depths for air, water and temperature 

2) Gas diffusivity 

The relative gas diffusion coefficient D/Do was measured by the diffusion chamber method developed by 
OsozawaS). Undisturbed 100 cm3 soil cores sampled from individual layers were used for the 
measurement. D/DO was measured at several moisture contents adjusted by a pressure plate method. The 
diffusion coefficient of CO 2 in air, DO ( cm2 s-l), was calculated from the equation Do = 0.139 x 
(T/273. 2)1.75 IP), where T was the absolute temperature (K) of the soil that was measured in the fields 
with thermocouples. 

When the soil gas was sampled, the soil moisture content in the profile was measured to determine the 
gas diffusion coefficients in each soil layer D, based on the D/Do-air-filled porosity curves. Duplicate soil 
samples were taken to a depth of 100 cm using a thin steel tube with a tip 27.5 mm in diameter and 110 
cm long, and the soil water content profile was measured by the oven-dry method. 

3) CO 2 flux from the soil surface 

CO 2 fluxes from the soil surface were calculated by applying the diffusion equation (described in the next 
section) to the surface 0-2.5 cm layer. CO 2 concentration at 0 to 2 cm above the soil surface was 
considered to be the CO 2 concentration at the soil surface. The closed chamber method s, 13) was also 
applied to evaluate the CChflux from the soil surface. 

The increase in the CO 2 concentration in the chambers placed on the soil surface was measured every 2 
min for 10 min. Duplicate measurements were carried out in each field. The measurement time was set at 
only 10 min to avoid large changes in temperature in the chamber and a gradient of CO 2 concentration 
between soil and air in the chamber. Sunlight reaching directly the chamber was also avoided during the 
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measurements. As a result, the temperature changes in the chamber during the sampling were less than 3 
CO 2 fluxes were corrected for the temperature in the chamber. 

4) Other experiments 

Soil temperatures at 1, 5, 10, 20, 40 and 70 cm below the soil surface and atmospheric temperatures at 
120 cm above the soil surface and in the closed chamber were measured with thermocouples. 

After sampling on August 30, soybean roots were washed out from the duplicate soil blocks 15 x 10 cm 
in area to a depth of 80 cm. Root length was measured with a root scanner (Commonwealth Aircraft Co. 
Ltd.). 

Soil pH (H 2 O) was measured using duplicate samples taken on July 4 from 12 depths for each field. Soil 
pH was measured after thorough stirring, with a soil: water ratio of 1 : 2.5. 

Data about precipitation and evaporation were obtained from a weather station located at less than 500 m 
from the experimental fields. 

Student's t test was conducted for testing the significance between data of CO 2 concentrations or CO 2 
fluxes measured at different depths, fields, and times. 
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Calculation of CO2 flux 

Gas diffusion through soil water can be ignored because the value of the gas diffusion coefficient in 
water is about 1/10,000 of that in air, and the gradient of CO 2 concentrations in soil water is of the same 
order as that in soil air, assuming that the vapor-liquid equilibrium is attained. Thus, gas diffusion in soils 
can be written as: 

q = -D dCa/dz. (1) 

where: 

q = flux of gas, g cm' 2 s _1 , 

D = diffusion coefficient in soil, cm 2 s _1 , 

Ca = concentration of gas in soil air, g cm -3 , 
z = depth, cm. 

The mass conservation of a gas in soil is written as: 

dG/dt = -dq/dz + p.(2) 

where: 

G = amount of gas in soil, g cm -3 , 
t = time, s, 

p = evolution rate of gas in soil, g cm -3 s' 1 . 

The amount of a particular gas in soil is expressed by the following equation: 

G = CaVa+CwVw.(3) 

where: 

Ca= concentration of gas in soil air, g cm -3 , 

Va= air-filled porosity in soil, cm 3 cm' 3 , 

Cw = concentration of gas in soil water, g cm' 3 , 

Vw = water-filled porosity in soil, cm 3 cm -3 . 

CO 2 concentration in soil water is linearly related to that in soil air when the soil water pH is constant. 

Cw = a Ca .(4) 

where a is a constant. 

Thus, Eq. (3) becomes: 

G = Ca Va+ a Ca Vw = Ca (Va + a Vw) .(5) 

Substituting Eq. (5) for Eq. (2) gives, 
dCa/dt = 1 /(Va + a Vw) (- dq/dz + p). (6) 

In these calculations, the soil profile was divided into 10 layers whose boundaries were the soil surface 
(zo) and the sampling depths of soil air (zi,z 2 ,...zio) shown in Fig. 1. Gas flux in the nth layer, qn, is 
written as q n = -Dn (Cn - Cn_i)/(z n - z n -i), where Dn and Cn are the gas diffusion coefficient and CO 2 
concentration in the nth layer, respectively. 


Simulation model 

A simulation for calculating flux and CO 2 concentration to analyze the above characteristics observed in 
the field experiments was carried out. 

CO 2 concentration in water is identical with that in air, when the water pH is 5.81, on the assumption that 
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vapor-liquid equilibrium is attained. 

Then, Eq. (6) becomes: 

dCa/dt = 1/Vp (-dq/dz + p). (6') 

where: 

V P = porosity in soil, cm 3 cm' 3 . 

When the gas diffusion can be considered to be a steady-state process, i.e. Ca is constant with time, Eq. 
(6') becomes : 
dq/dz = p.(7) 

Eqs. (1), (6') and (7) were used to simulate the changes of CO 2 concentrations in the soil profile. For 
simplification of these calculations, it was assumed that the soil pH was 5.81, and that the pore space was 
0.75 throughout the profile. The assumptions were close to the field conditions as described later. The 
unit distance was 5 cm in vertical length, and the unit time was 10 min. 
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Results and discussion 

1) Physical and chemical properties of soil 

Total carbon content and profile descriptions of the fields are shown in Table 1. 

The order of relative gas diffusion coefficient in the range of low air-filled porosities was inversely 
related to the total carbon content. This result was similar to that obtained in a former study. The gas 
diffusion coefficients of humic soils were smaller than those of soils with a blocky structure at the same 
level of air-filled porosity^. 

Soil pH was not appreciably different with depths and fields. Soil pH throughout the profile was 5.90 + 
0.14 under fallow and 6.06 + 0.14 under soybean. 

2) COi movement in soil 

(1) Diurnal changes in CO 2 concentration and flux 

CO 2 concentration and soil temperature were measured 6 times on fine summer days from August 8 to 9, 
1991. The mean atmospheric temperature was 24.2 and 23.6 for August 8 and 9, respectively. There had 
been a rainfall of 23 mm on August 7. At the beginning of the measurements, i.e. 11:00 a.m. on August 
8, the air-filled porosities at the 6 cm depth were 0.30 (the soil matric potential was -13.5 kPa) under 
fallow and 0.29 (the soil matric potential was -11.6 kPa) under soybean. 

Fig. 2. shows that the CO 2 concentrations at depths less than 40 cm tended to be high in the daytime and 
low during the night. CO 2 concentrations at 5 and 17.5 cm depths at 2:00 p.m. on August 8 were 
significantly (5% level) higher compared with those at 0:00 a.m. and 5:00 a.m. on August 9, based on 
Student's t test. Diurnal soil temperatures at 1 and 5 cm depths also followed a similar trend. CO 2 
concentrations at depths more than 40 cm were relatively stable throughout the day from August 8 to 9, 
presumably due to the stable soil temperatures. Thus, the fact that both the CO 2 concentration and the 
temperature at shallower depths under fallow changed with time may be ascribed to the respiration of 
microorganisms, which is closely related to the soil temperature. 

A similar trend was observed in the soil under soybean cultivation. However, the CO 2 concentrations 
were less related to the soil temperatures than in the fallow field, presumably because the respiration of 
the roots also affected the CO 2 concentrations. 

Diurnal changes in CO 2 fluxes from the soil surface followed a sinusoidal pattern^ 

Comparison of the CO 2 fluxes calculated by the diffusion equation method and those measured by the 
closed chamber method showed that both fluxes followed similar patterns. The difference between the 
fluxes measured by the 2 methods was not statistically significant (5% level) based on Student's t test. 
The calculation based on the mean fluxes determined by the diffusion method showed that the total 
fluxes for 24 h were 9.68 g nr 2 in soil under fallow, and 22.2 g nr 2 in soil under soybean, a value about 
twice that observed under fallow in the daytime from August 8 to 9, 1991. 

(2) Tum-over time of CO 2 

To determine the tum-over time of CO 2 in soil during the 24 h period from August 8 to 9, 1991, the total 
amount of CO 2 in soil under fallow to 100 cm depth was calculated based on the data of CO 2 
concentrations and water contents measured at 11:00 a.m. on August 8. The values of 1.65 g nr 2 in soil 
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air, and 6.03 g nr 2 in soil water were obtained by assuming that the vapor-liquid equilibrium of CO 2 was 
attained and the soil water pH was 5.90, which was the average value of soil pH throughout the profile 
under fallow. The turn-over time, which is expressed as the total amount of CO 2 within 100 cm depth 
divided by the CO 2 flux from the soil surface was 0.57 day based on the CO 2 flux calculated by the 
diffusion equation. Under ordinary field conditions, CO 2 is considered to evolve rapidly into the 
atmosphere. 

(3) Changes in CO 2 concentration after heavy rainfall 

Heavy rainfall which intercepts the open-air void pathway to the atmosphere must affect significantly the 
CO 2 movement in soil. Fig. 3 shows the changes in the CO 2 concentration profile in soil under fallow and 
under soybean after heavy rainfall of 79 mm on August 20 and 30 mm on August 21. The CO 2 peak 
under fallow appeared at 5 cm depth on August 22 but disappeared by August 23. However, the CO 2 
concentrations in the deeper layers on August 23 were higher than on the previous day. Thereafter, the 
C0 2 concentration decreased markedly at shallow depths. 

A more typical trend of CO 2 concentration profiles was observed under soybean crop. The CO 2 
concentration at depths more than 55 cm was the highest on August 26, 5 days after the rainfall, although 
the CO 2 concentrations in the shallower layers had started to decrease. 

Soil matric potential in the surface layer (6 cm in depth) increased to -1 to -2 kPa by rainfall on August 
20, and such conditions persisted for almost 1 day. During this period, air-filled porosity in the surface 
layer estimated from the soil water characteristic curve was about 10%, at which the D/Do value was 0 
based on laboratory experiments^). 

Based on the above facts, the changes in the CO 2 concentration with time and depth after heavy rainfall 
may be ascribed to the following process. First, the CO 2 concentration increased in the shallow layers 
because of the lack of a continuous air-void pathway to the atmosphere. Second, with the progression of 
the drying process (drainage and evapotranspiration), CO 2 in the shallow layers started to diffuse both 
upwards and downwards, resulting in a decrease of the CO 2 concentration in the shallow layers and an 
increase in the deeper layers. Thereafter, the CO 2 concentration throughout the soil profile decreased 
almost in the same way as under the initial conditions. 

(4) Rapid vapor-liquid equilibrium of CO 2 in the subsoil after heavy rainfall 

The increase of the CO2 concentration in the subsoil by downward diffusion which appeared after heavy 
rainfall was investigated on the basis of the vapor-liquid equilibrium of CO2 in soil. The soil layer 
studied extended from the center of the 7th layer to that of the 10th layer, i.e. the depth between 47 and 
91 cm under soybean, and gas fluxes in this layer were calculated from 12:00 a.m. on August 22 to 12:00 
a.m. on August 23. The values of the 7th flux q7 and the 10th flux qio, which were the average values on 
August 22 and 23 corresponded to downward fluxes of 1.066 x 10 -5 g m_2 s _1 and 2.42 x 10 -6 g nr 2 s _1 , 
respectively. The value of the flux obtained by subtracting the value of qio from the value of q7 was 8.24 
x 10' 6 g nr 2 s' 1 (1.88 x 10' 7 mol nr 2 s _1 ) which must have contributed to the increase of the CO2 
concentration both in the gaseous and liquid phases of the soil. The values of air and water volumes 
through the depth of 47 to 91 cm per 1 cm 2 cross-section were 4.6 cm 3 and 30.1 cm 3 , respectively on an 
average between August 22 and 23. Thus, the amount of downward CO2 flux for 24 h must have 
increased the CO2 concentration in the air phase by 0.091% (3.81 x 10~ 5 M) and in the dissolved state 
(H2CO3, HCO3", and CO3 2 " ) by 4.80 x 10 -5 M. In addition to the vapor-liquid equilibrium, the above 
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calculations were conducted on the assumption that the soil temperature was 20 and that the soil water 
pH was 6.06, which corresponded to the average value of the soil pH throughout the profile under 
soybean. 

Measured values showed that the CO 2 concentration in the air phase increased by 0.089% on an average 
in the 47 to 91 cm layer during the 24 h period from August 22 to 23. Thus, the calculation fitted well to 
the increase of the CO 2 concentration observed in the field. 

If the second term on the right side of Eq. (3) is not considered, the increase in the CO 2 concentration in 
the soil air phase becomes 0.84%, which is much larger than the value observed in the experiment. Thus, 
the results suggested that CO 2 which flowed into a specific layer through the gaseous phase was 
distributed rapidly into both the gaseous and liquid phases. Based on Eq. (6), the increase in the CO 2 
concentration in the subsoil layers after heavy rainfall could be mainly attributed to the downward flux 
rather than to the increase in the evolution rate in the subsoil. 

(5) Seasonal changes in CO 2 concentration 

Seasonal changes in the CO 2 concentration were measured once a month, except in the summer, in 1991. 
Only the data collected between 11:00 a.m. and 2:00 p.m. on the days with negligible rain effect were 
used. 

The seasonal changes in the CO 2 concentration are shown in Fig. 4 . At the beginning of the experiment 
on June 24, 1991, the CO 2 concentration profiles under fallow and soybean were statistically 
nonsignificant (5% level) based on Student's t test. The CO 2 concentrations under fallow increased with 
depth throughout the year, and showed maximum values toward the end of July. Thereafter, the CO 2 
concentration began to decrease. On the other hand, the CO 2 concentrations under soybean showed 
maximum values at depths that shifted downward gradually with soybean growth from 20 to 40 cm on 
July 11 to 40 to 80 cm on August 30, suggesting the effect of root elongation. CO 2 concentrations from 
the end of autumn to winter again increased with depth. The CO 2 concentrations under soybean were 
significantly (5% or 1% level) higher than those under fallow, except on June 24, 1991, based on 
Student's t test. 

Although the root length density decreased with depth, some roots reached 80 cm depth on August 30, 
1991. The main factor influencing the difference in the CO 2 concentrations between fields under fallow 
and those under soybean may be the respiration of roots and the microbial activity in the rhizosphere. 

(6) Changes in CO 2 concentration in the subsoil layer and determining factors 

CO 2 concentrations at the depth of 79 cm (the average of CO 2 concentrations at 76.5 cm and 81.5 cm 
depths) including those after rainfall, and daily-mean soil temperatures at depths of 10 cm and 70 cm are 
shown in Fig. 5 . Total precipitation during one year was 1,977 mm and 51% of it occurred from late 
August to October. 

CO 2 concentrations at 79 cm depth under fallow seemed to coincide well with the temperatures at 10 cm 
depth compared with those at 70 cm depth. This phenomenon may be explained as follows. The CO 2 
increase in the surface layers by enhanced microorganism respiration associated with the increase in the 
temperature suppressed the CO 2 upward flux from the deeper layers due to the decrease in the 
concentration gradient between the surface and deeper layers. As a result, the CO 2 concentration at 79 cm 
depth increased when the soil temperature at 10 cm depth was high. The decrease in the surface 
temperature resulted in an inverse effect on the CO 2 concentration at 79 cm depth. This assumption is 
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based on the fact that most of the microorganisms are distributed in the surface layer where the seasonal 
changes in temperature are highly conspicuous!^. 

On the other hand, CO 2 concentrations under soybean increased until the middle of September when the 
temperature was lower than the maximum. Root respiration in addition to microorganism respiration is 
likely to influence the CO 2 concentration at 79 cm depth. CO 2 concentrations under soybean were higher 
than those under fallow, and the difference became more pronounced until October and still persisted 
until June of the following year. 

Heavy rainfall clearly reflected the increase in the CO 2 concentration during 1-2 days after rainfall, even 
though only 3 measurements in August and September supported this assumption. 

(7) Seasonal changes in CO 2 flux 

The seasonal changes in upward CO 2 fluxes in each layer are shown in Fig. 6 . Fluxes decreased with 
depth in both fields. Fluxes in the upper to middle parts of the profile were higher under soybean than 
under fallow. Fluxes increased until the end of July and then decreased in both fields. However, fluxes 
under soybean in August were still high compared with those under fallow. 

The CO 2 fluxes at depths deeper than that at which the CO 2 peak was observed from July 11 to August 
30 under soybean (cf. Fig. 4) showed negative values. The negative values were smaller by 2 to 3 orders 
compared with those of the fluxes in shallow layers because the diffusion coefficient decreased with 
depth. 

The seasonal changes in the CO 2 flux from the soil surface calculated by the diffusion equation are 
shown in Fig. 7 . Data for a few days after heavy rainfall exceeding 100 mm on August 22 and 23 were 
not included, because the CO 2 concentration changed so much after heavy rainfall in comparison with the 
seasonal changes that the CO 2 concentrations on such days were not suitable for following the seasonal 
changes. The values of the fluxes were high in summer and low in winter, and CO 2 fluxes under soybean 
were higher than those under fallow, especially during the growing season. Even after harvest, the 
difference in the values of the CO 2 flux under fallow and under soybean was statistically significant (5% 
level) based on Student's t test, presumably because of the increase in the microbial activity in the 
rhizosphere. CO 2 fluxes from the surface in summer were about 10 times higher than those in winter in 
both fields. The characteristics of the seasonal changes and amplitude of the CO 2 fluxes from the surface 
were similar to those previously reported!*!). CO 2 fluxes from the surface under soybean were about 2 
times higher than those under fallow in summer. 

CO 2 fluxes from the soil surface measured by the closed chamber method (X) and calculated by the 
diffusion equation (Y) were expressed by the equation for a straight line that coincides with the origin: Y 
(g nr 2 d -, )=0.894 X (R=0.893, n=58), except for the fluxes after heavy rainfall. The correlation 
coefficient (R) between fluxes calculated by the diffusion equation (Y) and fluxes estimated by the 
equation (Y'): Y'=l X was 0.888 (n=58). Therefore, the fluxes calculated by the chamber method and the 
diffusion method coincided relatively well. 

(8) Estimation of annual respiration 

Total CO 2 fluxes from the surface estimated from measurements throughout a year were 3,522 g nr 2 y _1 
under fallow and 4,975 g nr 2 y 1 under soybean. De Jong and Schappert!) estimated that 2,300 g nr 2 of 
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CO 2 was emitted during the growing season from a virgin prairie in Canada. Tulaphitak et al.il! 
estimated that 5,170 g nr 2 of CO 2 was emitted during a year from an upland cultivation field in Thailand. 
Our values were comparable to the published data. 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/yoshikawa/34-1 (1-4).htm (5 of 5) [10/7/2002 9:11:42 PM] 



Table I. DturipNan of mil profile off he Helds 


Layer 

Depihlon) 

Toral*C(%)" 

Color 

Structure and pores 

Apt 

0-20 

4.25 

very dark 

fine granular 

Ap2 

20-37 

3.17 

very dark 

weakly fine granular 

2BL 

37-79 

1.53 

dark 

weakly blocky 

cnicks{<l nun) and tubular pores 

3B21 

79- 

J CL*,-*, 

1.16 

dark 

blocky 

cracks! < 1 mm) and tubular pores 

_ ii»>l- 


TotaLC was measured by CN corder (Yonngtmolo Co., Ltd.). 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/yoshikawa/fig/table1.htm [10/7/2002 9:11:44 PM] 







Temperature OCJ Concentration (%\ 


Fig.2. Diurnal changes in C0 2 concentration soil temperature under fallow 
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Fig.3. Changes in C0 2 concentration after heavy 
- : Layer boundaries. 
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Fig.4. Seasonal changes in C0 2 concentration! 
- : Layer boundaries. 
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Fig.7. Seasonal changes in C0 2 flux from soil surface calculated by the diffusion equation 
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Simulation model 

1) Simulation of diurnal changes in CO 2 concentrations 

In the field experiments, CO 2 concentrations at depths less than 40 cm from the soil surface followed a 
sinusoidal trend with the highest values observed in the daytime. 

Simulation was conducted to analyze the diurnal changes in CO 2 concentrations. The initial conditions of 
CO 2 distribution and the diffusion coefficient in the profile were set to be approximatly those recorded on 
August 8, 1991 as follows: 

Ca = 8.0el0- 6 + 2.7elO- 7 eZ - 8.6elO' 9 eZ 2 + 2.6elO- 10 eZ 3 - 3.2elO- 12 eZ 4 + 1.3elO- 14 eZ 5 , 

D = 0.024 e- 0 042 z +0.0012 

where Ca = CO2 concentration, g cm -3 of air, Z = depth, cm, D = CO2 diffusion coefficient in soil, cm 2 
s _1 . The CO2 evolution in the steady-state was calculated from the initial conditions. 

CO 2 evolution from soils has been reported to be 3 times as high with an increase of about 10 in the soil 
temperature between 15-40 2/Z). A simulation for the CO 2 diurnal changes was conducted based on the 
dependency of CO 2 evolution on the soil temperature, as shown in Fig. 8. CO 2 concentration at a depth 
less than about 40 cm from the soil surface increased in the daytime and decreased in the night time, 
reflecting the characteristics of CO 2 changes in the field. 

2) Simulation of changes in CO 2 concentrations induced by rain 

In the field experiments, heavy rains (August 20-21) generated a CO 2 peak in the shallow layer at both 
sites. The peak gradually shifted downward with a decreasing magnitude accompanied with CO 2 
accumulation in deeper layers. Soil matric potential in the surface layer (6 cm in depth) increased up to 
-1 ~ -2 kPa by rainfall. The value remained constant for almost 1 day. During this period, air-filled 
porosity in the surface layer estimated from the water retention curve was 10% , and the D/Do value 
obtained from the curve of D/Do - air-filled porosity was almost 0. 

To reproduce the changes in the CO 2 distribution obtained in the field experiments, the simulation was 
carried out on the following assumptions: (1) The initial distribution of the CO 2 concentration and the gas 
diffusion coefficient were the same as those on August 8 (the nearest measurement day before 
August20), (2) The gas diffusion coefficient of the surface layer was assumed to be 0 during the first day, 
namely the continuity of the air-filled porosity in the surface layer was intercepted by abundant water. 
Thereafter, the gas diffusivity was assumed to recover gradually for 2 days to the previous level. 

The results of the simulation are shown in Fig. 9. The CO 2 peak in the upper layer continued to increase 
along with the accumulation of CO 2 in deeper layers during 1 day while the continuity of the air pores 
was kept for interception. After the recovery of the continuity of air-filled pores, the CO 2 concentration 
in the upper layer began to decrease. On the other hand, the CO 2 concentration in the subsoil layers at 90 
to 100 cm depths continued to increase from 1 day to about 4 days after the rain in spite of the 
disappearance of the maximum peak. 

These simulations reproduced the typical characteristics of the changes in CO 2 concentration after a large 
amount of rain. 

3) Simulation of seasonal changes in CO 2 concentrations 

CO 2 concentrations throughout the profiles in the fallow and soybean fields increased toward 
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mid-summer and decreased toward winter. CO 2 distribution in the fallow field showed an almost 
monotonic increase with depth throughout the year, while that of the soybean site showed a distinct peak 
during the growing season from 20 to 80 cm depths. 

Simulation was conducted to analyze the seasonal changes in CO 2 concentrations toward summer (from 
June 24 to July 31, 1991) by using the gas diffusion law. The initial conditions of CO 2 distribution and 
the diffusion coefficient in the profile corresponded approximately to those on June 24, 1991. 

CO 2 evolution rates in the steady-state were calculated from the initial conditions. They were assumed to 
increase at constants rates corresponding to the changes in daily mean temperatures between June 24 and 
July 31, 1991. The changes in the CO 2 distribution based on these assumptions are shown in Fig. 10. 

The increase of the CO 2 concentration from shallow layers to deeper layers was attributed to the 
following factors: 1) Increase in the rates of CO 2 concentration in the upper layers was larger than that in 
the subsoil layers. 2) The upward CO 2 flux was suppressed by the decrease in the concentration gradient 
between the shallower layers and the deeper layers, and incidentally CO 2 accumulated in the deeper 
layers. 

Conclusions 

The objective of this study was to investigate the factors that determine the CO 2 distribution in the soil 
profile by using a simulation model based on the calculation of the CO 2 flux by the gas diffusion 
equation. To achieve this objective, diurnal, rain-induced, and seasonal changes in CO 2 concentration 
were monitored along with the soil moisture content and soil temperature under fallow and soybean 
cultivation. The results were as follows. 

Diel concentrations of CO 2 at depths less than 40 cm followed a sinusoidal pattern similar to that of the 
soil temperature, with the highest value being recorded in the daytime. 

Heavy rainfall interrupted the continuity of the air pathway to the atmosphere, which resulted in a high 
CO 2 concentration in shallow layers at first, and a decrease in the concentration from shallow depths 
accompanied by an increase in the concentration in deeper layers with the progression of drying for a few 
days. 

CO 2 concentration throughout the profile was high in summer and low in winter. CO 2 concentration 
under soybean increased from shallow to deeper layers with the increase of the rooting depth. 

CO 2 fluxes from the soil surface based on calculations from the diffusion equation corresponded 
relatively well to those measured by the chamber method. 

CO 2 gas was found to move rapidly through air-filled pores and to be swiftly equilibrated between the air 
phase and liquid phase. 

A model was devised for calculating the CO 2 flux and CO 2 concentration to analyze the CO 2 changes 
observed in field experiments. CO 2 flux was calculated by the diffusion equation combined with the 
equation of continuity. CO 2 concentration in the air phase in each layer was assumed to change by CO 2 
evolution and/or dissolution from/into the liquid phase as well as by CO 2 influx and efflux through the air 
phase and by CO 2 production. 
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Simulation model 


In the model, the CO 2 production rate changed with the soil temperature, and the diffusivity changed 
with the soil water content. The model enabled to analyze the changes in the CO 2 concentrations 
observed in the field experiments fairly well in the absence of root respiration. However, if the root 
respiration for each layer could be measured with time, and the data could be introduced into the model, 
it would be possible to analyze the CO 2 concentration changes under vegetation. These results indicated 
that the changes in the CO 2 concentrations in soil were significantly influenced by the following 2 
factors: (1) microorganism respiration, which is closely related to the soil temperature, and root 
respiration, which is closely related to the stage of crop growth, (2) soil moisture, which mainly affects 
the gas diffusivity in soil. 
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Fig.8. Simulation for CO 2 diurnal changes based on the dependency of CO 2 evolution on the soil temperature 
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Fig.9. Simulation for C0 2 changes after heavy rain based on the decrease and recovery of the diffusivity in 
the surface soil layer 

ini.: initial condition, d: day. +: time after gas diffusion occurred. 
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Fig. 10. Simulation for C0 2 seasonal changes toward summer based on the dependency of C0 2 evolution 
on the soil temperature 
ini: initial condition. d:day. 
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Abstract 

Behavioral responses of a generalist predatory stink bug, Eocanthecona furcellata towards larvae of several lepidopteran species were observed in 
order to analyze the role of semiochemicals in eliciting a prey-locating behavior in this bug. Extracts of Spodoptera litura larvae elicited 
approaching behavior in E. furcellata. A hexane-eluted fraction from silica gel chromatography of the larval extracts was also attractive to the 
bugs. The hexane fraction contained n-tetradecane, n-pentadecane, n-hepta- decane, n-heptacosane, n-nonacosane, n-hentriacontane and 
2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexaene (squalene). Synthetic n-pentadecane was attractive to the bugs. On the other hand, 
a 15%-ether-in-hexane-eluted fraction from silica gel chromatography of the solvent extracts of S. litura stimulated bugs to display a 
proboscis-protruding behavior. (£)-3,7,l 1,15-Tetra- methyl-2-hexadecen-l-ol [(£)-phytolj was identified in this fraction, and synthetic (£)-phytol 
showed the same effect on the bugs as the fraction. (£)-Phytol content of larvae increased depending on the amount of chlorophyll in the diets. 
These results suggest that (F)-phytol in larvae, which is derived from chlorophyll in the prey diet, acts as an important cue in the prey-locating 
behavior of the generalist predatory stink bug, E. furcellata. In conclusion, the 2 different chemicals act as "kairomones" in the prey location for 
the predatory stink bug, E. furcellata. 

Discipline: Insect pest 

Additional key words: n-pentadecane, (£)-phytol, attractant, proboscis-protruding inducer, chlorophyll, kairomone 
1)—23)- References 
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Introduction 

Many synthetic organic pesticides have contributed to the improvement of mass production of agricultural crops. However, unsuitable use for pest 
management has caused severe side-effects such as the development of pesticide resistance in pest insects, accumulation of residues in crops and 
agricultural environments. Under these circumstances, suitable use of natural enemies as one of the technical skills for the integrated pest 
management (IPM) is attracting worldwide attention. 

Natural enemies of herbivorous insects use chemical, visual, acoustic and vibrational cues in foraging behavior. Especially, the importance of 
semiochemicals in foraging by parasitoids has been well documented®. Some studies have suggested the possibility of applying semiochemicals 
in pest management: by attracting and/or arresting the parasitoids in crop fields, or by enhancing the responses of parasitoids to hosts 6 ’ 8 ’ 1 ®- 

Some investigators have suggested that predators could be applied to pest management against various pest insects®. Since predators in general 
kill the pest insects immediately after catching them, an immediate effect of application of the predators in pest management is expected while 
parasitoids usually require a long period of time for killing pest insects. A few studies have revealed that chemicals related to prey insects are 
important cues in foraging for some predators. The eastern yellowjacket, Vespula maculifrons 1 1, the cylindrical bark beetle, Lasconotus intricatus 
Kraus?/, Enoclerus lecontei (Wolcott)?), Temnochila chlorodia Mannerheiml® and Mederera bistriata Parent)® are attracted to pheromone 
components of their respective preys. Lewis et al.® reported that larvae of the green lacewing, Chrysopa camea, use "kairomones" in scales of a 
moth, Heliothis zea. Hislop & Prokopy® reported that acarine predators, Amblyseius fallacis and Phytoseiulus macropilis, respond to silk and 
feces of a prey mite, Tetranychus urticae. However, these studies deal with the relationships between a predator and its specific prey. 
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Fig.l 

Nymphs of Eocanthecona furcellata feeding on larvae of Spodoptera litura 


The predatory stink bug, Eocanthecona furcellata (Wolff) (Heteroptera: Pentatomidae)(Fig. 1), is a generalist predator that feeds on larvae of 
Lepidoptera, Coleoptera and Heteroptera and is distributed in India, Southeast Asia, the southern part of China, Taiwan and the Okinawa region of 
Japan 3 - 5 , 10.13) . Takai & YasuokaH) demonstrated that E. furcellata could be a good biological control agent against the noctuid Spodoptera litura 
(Fabricius) (Lepidoptera: Noctuidae) in greenhouses. The bugs can be easily reared on live larvae of Pieris rapae^t and frozen-preserved larvae of 
S. litura^d. 

Over the last several years, I conducted a series of studies on the prey-locating behavior of E. furcellata, and identified 2 chemical cues eliciting 
this behavior 19 , 21 ' 23 ) . In this report, I summarized the results of these studies. 
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Prey-locating behavior of E. furcellata 

E. furcellata bugs were found to approach intact larvae of S. litura, and the bugs protruded their 
proboscis when they were in close vicinity to the larvae of S. litura and inserted it through the body 
surface of preys. This behavior was observed under contact illumination as well as under continuous 
darkness. A similar behavior was also elicited by dead larvae or solvent extractsof S. litura larvae. These 
findings indicated that odor, or chemical cue(s), from the prey apparently induced the prey-locating 
behavior of the predatory stink bug. 



Linear track olfactometer 


1) Approaching behavior 

To evaluate the attractiveness of the larval extracts, a linear track olfactometer, which was designed 
according to Sakuma & FukamiTQ but with minor modifications^), was used. The olfactomer consisted 
of a T-shaped wind tunnel and wire structures (Fig. 2). In this bioassay, test insects were made to climb 
up to a T-junction on the wire and choose a direction at one point. When a small piece of absorbent 
cotton impregnated with a crude extract of S. litura larvae (in KXPAL acetone) was placed at one of the 
horizontal ends of the T-shaped wind tunnel (sample side) and a small piece of absorbent cotton 
impregnated with 100 VaL of acetone was placed at the other end (control side), 52 bugs chose the sample 
side and 15 bugs chose the control side. These results indicated that E. furcellata nymphs were 
apparently attracted to the crude extracts of S. litura larvae. E. furcellata nymphs were also found to be 
attracted to the ether-soluble layer of S. litura larvae (Fig. 3). When the ether-soluble layer of the larval 
extracts was fractionated on silica gel column chromatography, only the fraction eluted with hexane 
showed attractiveness. 


When the hexane fraction was analyzed using GC-MS, one predominant peak and 6 minor peaks were 
observed. The predominant one corresponded to n-pentadecane (Cis)(2500 ng/larva). The minor peaks 
corresponded to n-tetradecane (Cu)(54 ng/larva), n-hepta- decane (Cn)(41 ng/larva), n-heptacosane 
(C27)(61 ng/larva), n-nonacosane (C29)(147 ng/larva), n-hentriacontane (C3i)(200 ng/larva) and 
2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexaene (squalene)(323 ng/larva). 

The approaching responses of E. furcellata nymphs in the linear olfactometer to the hexane fraction of S. 
litura larvae and synthetic hydrocarbons are shown in Fig. 4. The hexane fraction induced a significant 
approaching response in bugs at a dose of 0.4 larval equivalents (LE) containing ca. VAg of Cis in a 
linear track olfactometer. However, 1 l Ag of synthetic Cis did not induce a comparable response. More 
than 10'Ag of Ci5 was necessary to attract E. furcellata nymphs, but no increasing effect was obtained by 
the addition of the other 6 components, Ci4, Cn, C 27 , C 29 , C 31 and squalene, to C 15 . 
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2) Proboscis-protruding behavior 

In a preliminary observation, E. furcellata nymphs protruded their proboscis toward the crude extracts of 
S. litura larvae. However they did not protrude their proboscis when they were in close vicinity to a small 
piece of absorbent cotton impregnated with the hexane fraction or synthetic C 15 . It seemed that any 
chemical(s) could elicit a proboscis-protruding behavior in the bugs. 

A 15%-ether-in-hexane fraction from silica gel chromatography of the solvent extracts of S. litura larvae 
elicited the proboscis-protruding behavior in E. furcellata nymphs and a similar response was also 
observed with a neutral-layer fraction of the 15% fraction (Fig. 5). 

Analysis of the neutral-layer fraction using GC-MS showed that it contained 
(£)-3,7,ll,15-tetramethyl-2-hexadecen-l-ol [(A)-phytol], Synthetic (£)-phytol elicited a 
proboscis-protruding response from the predators as well as the 15% fraction (Fig. 6). 


mikt 
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Fig.3. Chemical purification processes of the larval extracts of Spodoptera litura larvae together 
with attractiveness to nymphs of Ecocanthecona furcellata in the linear track olfactometer 

Values represent excess proportion index (EPI)HX Positive values indicate a positive approach response. 
N.D.: not determined. Hx fraction: fraction eluted with hexane from silica gel chromatography. 5%-, 
15%-and 50%-Ether fractions: fractions eluted with 5%-, 15%-and Ether fractions eluted with 5%-and 
50%-Ether in hexane from silica gel chromatography, respectively. 
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Fig.5. Chemical purification processes of the larval extracts of Spodoptera litura larvae together with 
proboscis-protruding activity for nymphs of Eocanthecona furcellata 

Values in the parentheses are mean (+s.e.) percentage of positive response per 10 bugs. 

N.D.:not determined. 
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Effect of prey diet on bug's prey-locating behavior 

Effect of prey diet on bug's prey-locating behavior 

(£)-Phytol generally occurs in green plants as an alcoholic moiety of the chlorophyll molecule (Fig. 7) 121 and the amount of free (£)-phytol is usually small in 
plant tissues. However, this compound is obtained by hydrolysis of chlorophyll in the laboratory ill. (£)-Phytol contents in larvae and in their feces were 
positively correlated with the chlorophyll content in the artificial diets (Fig. 8). Therefore, it is possible that food items for prey insects considerably influence 
the prey-locating behavior of the predatory stink bug, E. jurcellata. 

The bugs may prefer insects feeding on a chlorophyll-rich diet to those feeding on a chlorophyll-poor diet. When preference responses of E. jurcellata 
nymphs to S. litura larvae fed with 2 food items, chlorophyll-rich spinach ( Spinacia oleracea ) leaves and bean sprouts (chlorophyll-poor seedlings of Vigna 
radiata ), were observed, bugs preferred larvae fed with spinach leaves to those fed with bean sprouts (Fig. 9A): a total of 45 nymphs chose the former and 5 
nymphs the latter. Solvent extracts of S. litura larvae given spinach leaves contained 914g/larva of (£)-phytol, but less than 0.00114g/larva in those fed with 
bean sprouts. When a S. litura larva fed with bean sprouts was coated with 10 mg of (E^-phytol and presented to the bugs together with a larva fed with 
spinach leaves, almost the same number of E. furcellata bugs was located on these larvae (Fig. 9B): a total of 24 nymphs chose an (£)-phytol-treated larva fed 
with bean sprouts and 26 nymphs chose a larva fed with spinach leaves. The results indicated that (£)-phytol is utilized as a "kairomone" for prey-location by 
E. furcellata nymphs. 

Fig.9. Feeding preference response of Eocanthecona furcellata nymphs to Spodoptera litura larva fed with spinach leaves (left) versus A and B (right) 


A: a larva fed with bean sprouts. 




(£)-Phytol was also detected in the extracts of larvae of the pellucid zygaenid, Pryeria sinica, a giant silkworm, Samia cynthia ricini, an armyworm, 
Pseudaletia separata, the cabbage armyworm, Mamestra brassicae, which had been fed on diets containing chlorophyll. These extracts elicited the 
proboscis-protruding behavior of the bug, and the response depended directly on the (£)-phytol concentration in these larvae. Therefore, larvae of 
lepidopterans feeding on green plants could become potential preys for the generalist predatory stink bug, E. furcellata. 
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Conclusion 

The present studies demonstrated that the generalist predatory stink bug, E. furcellata, uses 2 different chemical cues as "kairomones" to locate larvae of 
several lepidopterans. n-Pentadecane (C15) acts as a long-range (relatively long) attractant for the bug. On the other hand, (£)-phytol induced a 
proboscis-protruding behavior within a short distance. (£)-Phytol could be a key chemical associated with herbivorous lepidopterans for the prey location of 
this generalist predator, since the chemical originating from chlorophyll in prey diets is found in lepidopteran larvae feeding on green plants and the bugs 
protruded their proboscis toward an object, even a glass rod, treated with (£)-phytol. 

The behavioral manipulation for E. furcellata with the semiochemicals has not yet been evaluated in the field. However, some applications in pest 
management have been speculated. C15 and (E)-phytol could be used as an attractant and an arrestant, respectively, to recruit E. furcellata bugs and/or prevent 
their dispersal from the crop fields. The current studies suggested that (£)-phytol may be an indicator of the effects on pest control using E. furcellata, if the 
contents of (£)-phytol in pest insects could be measured. (Fj-Phytol could also be used as a feeding stimulant in artificial diets for mass rearing of E. 
furcellata. Further studies should be carried out for using these compounds for pest management with E. furcellata bugs. 
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Fig.7. Chlorophyll molecule 


Formula presented with a bold line applies to the (E)-phytol moiety. 
R=CH 3 or CHO for chlorophyll a or b, respectively. 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/yasuda/fig/f7.htm [10/7/2002 9:12:22 PM] 



Chlorophyll in diets (mg/g) 

Fig.8. Concentration of (E)-phytol 

A: in larvae of Spodoptera litura fed with artificial diets containing various amounts of chlorophyll. 
B: in feces of Spodoptera litura fed with artificial diets containing various amounts of chlorophyll. 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/yasuda/fig/f8.htm [10/7/2002 9:12:24 PM] 






34-1(3) 


Development of Fully Automatic Vegetable Transplanter 

Konosuke TSUGA 

Institute of Agricultural Machinery, Bio-oriented Technology Research Advancement Institution 
(1- 40- 2, Nisshin, Ohmiya, Saitama, 331-8537 Japan) 

Corresponding author: K. Tsuga (ktsuga@iam.brain.go.jp, fax +81-48-654-7130) 


Abstract 

We developed 3 models of riding-type, fully automatic vegetable transplanters. These prototypes are suitable for 
cell mold seedlings and pulp mold cell pot seedlings, mainly of leaf vegetables such as cabbage, Chinese cabbage, 
and lettuce. The prototypes enabled continuous transplanting work on 2 rows simultaneously, at a planting speed of 
60 cells/row/min, with vegetable seedlings fed automatically. The transplanting accuracy, in terms of the rate of 
misplanted hills, was 3% or less, and the working capacity per worker was approximately 10 a/h. We estimated that 
the annual coverage area of this machine for cultivating cabbage is 53 ha/year, and the minimum economically 
suitable area for use is 8.2 ha. Based on these prototypes, transplanters have been put on the market by several 
companies and are now being used in various areas. In this study, we presented a draft of the standards for seedling 
trays, such as cell mold seedling trays and pulp mold cell pots (paper pots), for possible use of a fully automatic 
vegetable transplanter. At present, 4 million or more trays are supplied to the market. 

Discipline: Agricultural machinery 

Additional key words: transplanting, machine, seedlings, cabbage, lettuce 
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Introduction 

Vegetable cultivation in Japan lags behind in terms of mechanization of transplanting and harvesting operations. 
Seeding and transplanting operations, in particular, are mainly performed manually, accounting for approximately 
40% of total working hours. Recently, however, the mechanization of soil filling, seeding, germination, and the 
raising of seedlings has advanced, and mass raising of seedlings is performed now in production areas. 
Transplanters are presently used for leaf vegetables such as cabbage, Chinese cabbage, and lettuce. 

Current vegetable transplanters are divided into 2 categories: fully automatic transplanters and semi-automatic 
transplanters. The semi-automatic transplanter has a limited operating speed due to the need for manual feeding of 
one seedling cell after another and is not suitable for continuous operation over a long period of time. The fully 
automatic transplanter allows for high-speed operation and labor-saving, because seedlings fed automatically by the 
machine itself can be planted. However, the fully automatic transplanters that have been developed so far can use 
only limited types of seedling trays and the working capacity is low because they are of the walking-type. There 
was a demand for fully automatic transplanters capable of higher speed and small labor load. Therefore, the 
Bio-oriented Research Technology Advancement Institution proposed standards for seedling trays of vegetables 
suitable for use with fully automatic transplanters in the "Urgent Development of Agricultural Machinery" 
implemented during the period from 1993 to 1995. The Institution also developed jointly with Iseki Noki Co., Ltd., 
Kubota Co., Ltd., and Yanmar Noki Co., Ltd. riding-type, fully automatic transplanters for vegetables. 

In this paper, we will describe the transplanters, the kinds of seedlings, and the standards for trays (standardization), 
mainly for leaf vegetables, as well as introduce the outline of the riding-type, fully automatic transplanter that 
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achieved the highest performance in Japan. 

Prototypes suitable for seedlings 2 ) 

Transplanters can be broadly divided into those to which seedlings are fed manually (semi-automatic transplanters) 
and those to which seedlings are fed automatically (fully automatic transplanters), as shown in Table 1. These are 
further divided into the walking-type and the riding-type. In addition, the type of transplanter may vary depending 
on the seedlings to which it can adapt. Seedlings used for transplanting by a machine can be broadly divided into 
seedlings with soil and seedlings without soil (bare seedlings). Seedlings with soil can be further divided into cell 
mold seedlings, paper pot seedlings, kneaded nursery seedlings, and soil block seedlings. Recently, since the 
mechanization of seeding and that of transplantation are progressing in parallel, the use of seedlings with soil, 
adjustment of the properties of seedlings, and reduction in size of the seedlings are also making progress. In this 
study, we developed riding-type, fully automatic transplanters that are suitable for cell mold seedlings and pulp 
mold cell pot seedlings (a kind of paper pot seedlings). 

Standardization of seedling trays 

To transplant cell pot seedlings and paper pot seedlings, the fully automatic transplanter requires the use of seedling 
trays in which the arrangement of the seedlings is suitable for the seedling feeding device applied. Therefore, 
seedlings must be grown in trays that are suitable for the particular transplanter to be used, and the seedling form 
will differ from one kind of tray to another. If the same types of trays are used, the machine has to be adjusted to the 
number of cells per tray. Therefore, attempts were made to develop trays that were interchangeable among the 
seedlings from various seedling centers and among transplanters from different manufacturers. In this study, we 
prepared a draft of the standards for seedling trays, such as cell mold seedling trays and pulp mold cell pots, for 
possible use of a fully automatic vegetable transplanter (Fig. 1). As a result, the form and dimensions of these trays 
have been standardized, as shown in Table 2. 



The cell mold seedling tray is made of flexible plastic, and there are 3 types of trays, containing 128, 200, or 288 
cells, in which the arrangement of cells is 8 x 16, 10 x 20, and 12 x 24. The shape of the trays is that of an inverted 
pyramid. 

The pulp mold cell pot is a kind of paper pot, in which the pulp mold is made of used paper, etc. Pot dimensions are 
30 mm 2 (128 pots) and 25 mm 2 (200 pots), and the seedlings are arranged in the form of a pyramid. The 
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arrangement of cells is 8 x 8 and 10 x 10, and each pair of pots is arranged on an under-tray. 

Both types of standard trays can use a rice seedling box as the under-tray. Four million or more of these standards 
trays had been supplied to the market as of 1998. 
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Table 1 


Table 1. Classification of vegetable transplanters and seedling types 

Transplanter 

Seedlings 


Seedlings without soil (bare seedlings) 

Semi-automatic 

Walking-type 

Riding-type 

Seedlings with soil 

Soil block seedlings 

Cell mold seedlings 

Paper pot seedlings 

Fully automatic 

Walking-type 

Riding-type 

Seedlings with soil 

Cell mold seedlings 

Pulp (paper) pot seedlings 

Linked paper pot seedlings 
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Tabic 2. Standards of vegetable seedlings trays in Japan*' 


Classification 

Pulp mold pot 

Classification 



Cell tray 


128 

200 


128 


288 

Outer frame Size 

288*2 

288*2 

Outer frame Size 


590 

590 

586 


278 

278 



300 

300 

300 

R on Comer 

8 

8 

R on Comer 


10 

10 

10 

Arrangement of cell number 

8*8 

10-10 

Arrangement of cell number 

8*16 

10*20 

12*24 

Pitch Longitudinal (P) 

35.9 

287 

Pitch Longitudinal 


36.6 

29.2 

24.3 

Lateral 

34.5 

27.7 

Lateral 


36 

28.7 

23.7 

HeightfH) 

40 

32.5 

Height (H) 


44 

44 

38.5 

Cell Upper pad Length! A) 

19.2 

16 

Cell Upper pad (A) 


31 

26 

21.5 

size Side 

17.8 

16 

size 


10 

7 

6 

Lower pan Length! B) 

29.9 

24.7 

Lower pad (B) 


18 

12 

9 

Side 

28.5 

23.7 



7 

5 

3 

Diameter of seeding hole(D) |g 

15 

Diameter of hole (D) 


12 

9 

7 

Volume of cell (cc) 

about 23 

about 12 

Volume of cell (cc) 

about 25 

about 14 

about 9 

Soil capacity per tray(L) 

about 5.7 

about 4.0 

Soil capacity per tray(L) 

about 3.2 

about 2.8 

about 2.6 

including cover soil 



Cover soil capacity(L) 


0.5 

0.5 

0.5 

Weight of tray |g) 

about 71 

about 76 

Weight of tray (g) 



about 150 


Thickness of cell (mm) 

about 2 

Thickness of cell (mm) 


0.6(side • baseO 1) 

Material 

Used newspaper 

Material 


PoIystyrcncfPS) 


Remarks 



Remarks | 

- A -* 

i 
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Development of riding-type, fully automatic transplanted ,5) 

Development of riding-type, fully automatic transplanters !^) 

1) Outline of fully automatic transplanter 

We developed 3 models of riding-type, fully automatic transplanters that allow continuous transplanting 
work on 2 rows simultaneously at a planting speed of 60 cells/row/min, with vegetable seedlings fed 
automatically. The prototypes manufactured in 1995 consist of 2 models for cell mold seedlings (Type A 
in Fig. 2, Type B in Fig. 3) and a model for pulp mold cell pot seedlings (Fig. 4). The outline of each 
model is described below. 

(1) These machines handle 
mainly leaf vegetables such as 
cabbage, Chinese cabbage, 
and lettuce (Fig. 5), with cell 
mold seedlings and pulp mold 
cell pot seedlings. As the 
under-tray, a rice seedling box 
is used. Since the numbers of 
cells (pots) per tray are 128 
and 200, standard trays can be 
used. 

Fig.5. Chinese cabbage and 
lettuce seedlings 

(2) The basic configuration of 
these machines is that of a small, riding-type machine consisting of a 2-row planting device mounted on 
the back of a vehicle. The planting device is composed of the seedling feeding and transplanting sections. 
The vehicle has a 4 wheel-drive system and is well adapted to slopes. The standard adjustment range of 
the tread (distance between the right and left wheels) is 90 to 120 cm. Although usually riding-type 
machines are very long and require a considerable area at the end of the field for turning, the current 
machine is a compact 4-wheel-drive vehicle, adapted to such use, and requiring only 3 to 4 m of 
headland for turning. This riding-type is suitable for relatively small fields. 

(3) The models for cell mold seedlings (Types A and B) pull out seedlings one at a time from the tray 
using a seedling take-out claw of the holding type and discharge seedlings into the bill-type opener. The 
opener, which is interlocked with the claw, transplants the seedlings to the tamped surface of the ridge, 
and the tamping ring at the rear presses soil from the left and right to cover the seedlings. The 
automatic-planting-depth control unit and the ridge-following control unit allow stable transplanting with 
the use of hydraulic devices. Since the seedlings are independent cells, growth control is easy, growth 
rates are similar, and they display an outstanding initial rooting capacity after transplanting. The vehicle 
consists of a 4-wheel-drive system with either a diesel engine (Type A) or a gasoline engine (Type B). 

(4) The model for pulp mold cell pot seedlings holds seedlings that are each wrapped by a paper pot 
(pulp mold) and transplants them continuously by separating them into individual hills. It allows the 
transplanting of seedlings with a wide range of sizes over a long period of time and is suitable for 
transplanting regardless of the degree of growth of the individual seedlings. 
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The model for pulp mold cell pot seedlings scratches off seedlings with the paper attached (pulp mold), 
after separating them into each hill with a transplanting claw, and transplants them in the hole opened by 
the arm. After transplanting, the soil is tamped. This transplanting claw consists of 2 blade-like claws and 
an extrusion arm. The blade-like claws scrape each seedling pot to separate it from the others and hold it, 
and the arm extrudes the seedling pot into the soil to plant it. Soil is pressed then from both sides of the 
planted seedling by the tamping ring to complete transplanting. The automatic-planting-depth control 
unit and ridge-following control unit allow stable transplanting with the use of hydraulic devices. The 
vehicle has a 4-wheel-drive system that allows maneuvering of both front and rear wheels. 

(5) Planting conditions common to all the 3 models include an adaptable ridge height of 0 to 25 cm, a hill 
space of 25 to 50 cm, and a ridge space of 45 to 60 cm, in which the model for cell mold seedlings (Type 
A) allows zigzag planting on 2 rows. 

2) Performance of the prototypes 

(1) Working accuracy 2} 

Based on operation tests on the prototypes using seedlings of cabbage, Chinese cabbage, and lettuce, we 
confirmed that hill spacing, planting depth, and soil cover can be adjusted easily, a planting speed of 60 
to 70 hills/row/min is possible, and the ratio of misplanted hills is 3% or less (excluding non-seeded hills 
in the tray). Lateral displacement of planting positions (rows), changes in hill spacing, and the ratio of 
slanted hills were also small. In the case of planting on slopes (maximum of lOo), number of misplanted 
hills and changes in hill spacing were small. Table 3 shows the results of the planting accuracy test 
performed in Aichi Prefecture in 1994. 

(2) Working capacity4) 

We found that when 12 to 14 trays were mounted on the seedling tray and the auxiliary seedling tray, it 
was possible to transplant 2,400 or more hills without requiring the operator to get off the vehicle. 
Working time per 10 a per operator, including the planting time, seedling feeding time, turning time, etc., 
was approximately one hour. Table 4 shows the results of the working capacity test performed in Aichi 
Prefecture in 1994, indicating that when one operator planted cabbage (at a hill spacing of 30 cm and row 
spacing of 60 cm), the working speed was 0.33 to 0.39 m/s, and all the 3 models showed a working 
capacity value of approximately 10 a/h. A similar value of working capacity of approximately 10 a/h was 
reported in a test on commercial machines. 

3) Economic efficiency of the prototypes 4) 

(1) Maximum working area 

We calculated the maximum transplanting working area per year achieved by these prototypes in the case 
of cabbage cultivation (Table 5). The time available for transplanting work was 2.8 h per day. This value 
was calculated on the assumption that half a day (4 h) can be used for transplanting work, to avoid other 
conflicting tasks and poor rooting conditions, as well as high temperatures in summer and low 
temperatures in early spring. Assuming that the actual working rate is 70%, the maximum working area 
per day was 0.29 ha/day, based on the time available for transplanting work and the working capacity of 
the machine. Next, the number of days available for working was 183, on the assumption that the ratio of 
days available for work is 75% because transplanting work is performed over a period of 8 months from 
April to November, including the days when rain prevents outdoor work. The maximum transplanting 
working area per year (cumulative working area per year) was 53.1 ha, based on the calculation of the 
maximum working area per day and the number of days available for working per year. 
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(2) Cost and economic efficiency 

We calculated the cost of using these machines in the case of cabbage cultivation. The costs included 
fixed costs (expenses required for owning the machine) and variable costs (operating costs, including 
fuel, lubricating oil, and labor). Fig. 6 shows the relationship between the area covered and the cost of 
the machine. To evaluate the economic efficiency, we calculated the minimum economical area for using 
this machine based on the work contract wage for manual transplanting. Based on that wage, the result 
was 8.21 ha. Since the maximum transplanting working area per year is 53.1 ha, and since this machine 
can cover an area 6.5 times as large, we consider that this machine is economically efficient. 

Conclusion 

We developed 3 models of small-sized, high speed, riding-type, and fully automatic vegetable 
transplanting machines for the first time in Japan. These machines feed vegetable seedlings automatically 
and enable continuous transplanting work on 2 ridges simultaneously at a planting speed of 60 
hills/row/min. The machines can be used for cell mold seedlings and pulp mold cell pot seedlings. In 
Ogoori City, Fukuoka Prefecture, where the machine was put on the market and used, cabbage is 
cultivated over the year on a 15-ha field, using a transplanter model for cell mold seedlings 
(manufacturer, Yanmar Noki Co., Ltd.), as shown in Fig. 7. This was part of a thorough mechanization 
system, including general-purpose use of this vehicle and the introduction of harvesters. Fig. 8 shows 
another model for cell mold seedlings (manufacturer, Kubota Co., Ltd.), which is used for transplanting 
cabbage, etc., in a farm where cabbage, Chinese cabbage, and lettuce are cultivated (25 ha) in Takeda 
City, Kumamoto Prefecture. Six riding-type transplanters of the model for pulp mold cell pot seedlings 
(manufacturer, Iseki Noki Co., Ltd., Fig. 9) were used for a thorough mechanization system, including 
general-purpose use of this vehicle, in Kazuno City, Akita Prefecture, where a cabbage production center 
of 100 ha is being constructed. As a result, dozens of such riding-type, fully automatic transplanters have 
been introduced already in various areas and we anticipate that their use will be disseminated throughout 
the country. 

We thank the Agricultural Experimental Stations of Iwate Prefecture and Aichi Prefecture for their 
cooperation during the field tests of the automatic transplanter. 
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Fig. 2, Fully automatic transplanter model PR2 for cell mold seedlings 
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Table 3. Test results on working accuracy (Aichi Prefecture Agricultural Experimental Station, as of 1994) 


Model under test 

Planting 

Number of 
misplantcd hills 

Number of 

continuous 

misplanting 

positions 

Changes in hill 
spacing 

speed 

(nv's) 

Left 

Right 

Left Right 
(CVS) 

Foe pulp mold 

0.22 

2 

1 

0 

3.7 

3.0 

cell pot 

030 

0 

4 

0 

2.6 

1.9 

seedlings 

0.38 

2 

4 

0 

3.0 

2.5 

Type A for cell 

022 

0.30 

2 

0 

0 

o 

0 

0 

3.2 

4.0 

3.0 

4.3 

mold seedlings 

03? 

0 

1 

0 

4.2 

4.7 

Type B for cell 

027 

0.31 

0 

1 

3 

0 

0 

0 

7.0 

3.9 

3.0 

3.7 

mold seedlings 

033 

1 

0 

0 

5.7 

3.9 

Sample seedling hill spacing : Cabbage 30 cm. 

Number of hills measured : 

200. 
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Tabic 4. Test results on working capacity (Aichi Prefecture Agricultural Kxpcrimcnlal Station, as of 1994) 



Seedlings 

used 

Working 

Total 



Time ratio of operation ( %) 


Model under test 

speed 

(m/s) 

working time 
( min) 

Planting Turning 

rray 

replenishing 

Tray feeding Adjustment 

Others 

For pulp mold 
cell pot seedlings 

200 cells 

0.35 

52 

70.4 

106 

10.4 

(4 times) 

8.1 0 

(12 times) 

0.5 

Type A for cell 
mold seedlings 

200 cells 

0.39 

54 

61.2 

12.7 

96 

(4 times) 

12.6 2.0 
(12 times) 

1.9 

Type B for cell 
mold seedlings 

200 cells 

0.33 

54 

73.9 

8.7 

7.0 

(3 limes) 

10.4 0 

(12 times) 

0 


Test conditions 

Test field: 9.36 a (65m"12 strokes). Operator: I 

Seedling: Cabbage. Planting: Row spacing. 60 cm; Hill spacing. 30 cm. 
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limn 

Caknilnled value 


Worki ng capacity 

0.103 

ha/h 



0.71 

hha 


Working hours 

4.0 

1 

Per day 

Actual working role 

70 

% 

Time available for w ork 

2.8 

h 


Working area 

0.29 

hd 


Fixed plan liny period 

April 

November 


Number of working days 

144 

d 

Per year 

Ratio of day's available for working 

75 

% 


Number uf days available for working 

183 

d 


Maximum working area 

53-1 

ha 
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Fig.6. Relationship between the area covered and the cost of the machine 
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Fig.8. Fully automatic transplanter model SK20 for cell mold seedlings 
(Kubota, Co., Ltd., used in Takeda, Kumamoto) 
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Abstract 

A new method for estimating crop transpiration and crop water stress index ( CWSI) by using a 
temperature-related approach was developed and verified in this study. In the proposed method, 3 
temperatures and a few meteorological variables (net radiation and humidity) are required. The 3 
temperatures include sunlit leaf temperature, imitation leaf temperature, and air temperature. The 
imitation leaf refers to an artificial leaf without transpiration. The major advantage of the proposed 
method is that plant correction factors, empirical coefficients, and canopy and aerodynamic resistances 
are not required. Experiments for verification were conducted in a sandy field with sorghum crop and in 
a greenhouse with melon crop. Data obtained by the proposed method were compared with the amount of 
transpiration determined with lysimeters, soil water status determined by TDR, and CWSI estimated by 
Jackson's method. The calculated transpiration by the proposed method was consistent with the results 
obtained with lysimeters, with a regression coefficient r 2 =0.88. Values of CWSI calculated by the 
proposed method were in agreement with Jackson's CWSI, with a regression coefficient approximately 
equal to 1. These results indicate that the proposed method can be applied to estimate crop transpiration 
and water stress index under both field and greenhouse conditions. 

Discipline: Agro-meteorology 

Additional key words: imitation leaf, sorghum, melon 
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Introduction 

Water management in modem agriculture requires the determination of the crop water requirement and 
irrigation time as accurately and quickly as possible. Transpiration (T) is the key factor to estimate crop 
water requirement and crop water stress index ( CWSI) is the key factor to evaluate the time when 
irrigation should be applied. Among the methods of estimation of T and CWSI, a temperature-related 
approach can be adopted. As cited by JacksoniT) and Jackson et al.fhl, research on foliage temperature 
was started in 1843. The literature on this topic was rather sparse until the 1920s when thermocouples 
became standard equipment. Many of these early studies focused on the leaf and air temperature 
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differences 18 ’ 32 ) . Subsequently, research results showed that the soil moisture status, foliage temperature, 
and plant transpiration rates were closely related 3 ’ 4 ’ 6-8 ’ 12 ’ 14 ’ 30 ) . 

As a result, a temperature difference method was developed to estimate T 5 ’ 12 ’ 17 ’ 21 ’ 30 ’ 31 ) . Mitchell and 
Hankshh derived an empirical equation to predict T based on the temperature difference between canopy 
and air. Hatfield^, O'Toole and Real^T), and Ben-Asher et al.T21 evaluated aerodynamic and canopy 
resistances by using air temperature, canopy temperature, and vapor pressure deficits. Due to the 
complexity in evaluating the aerodynamic resistance, the temperature difference method is mainly 
applied for estimating the aerodynamic resistance with an already known T, rather than for the direct 
estimation of T. No studies have been reported on the direct estimation of T by air and canopy 
temperature without the use of aerodynamic resistance or empirical coefficients. 

CWSI is another key factor for agricultural water management. Although maximum yields of crops are 
achieved only under non-limiting water supply, it remains to be determined how early water shortage 
should be detected to avoid a significant decrease in productivity. The use of canopy temperatures to 
detect water stress in plants is based upon the assumption that, as water becomes limiting, transpiration is 
reduced and plant temperature increases. Canopy temperature is determined based on the water status of 
the plants and by ambient meteorological conditions. CWSI based on the determination of the canopy 
temperature is derived as: CWSI=(Tc-Tci)/(Tcu-Tci), where Tc, Tc\, and Ten are the canopy temperature, 
lower limiting canopy temperature, and upper limiting canopy temperature, respectively. The lower 
limiting canopy temperature can be reached when the crop transpires without water shortage. On the 
other hand, the upper limiting canopy temperature can be reached when plant transpiration is zero. 
O'Toole et al.^Tl conducted a comprehensive comparison of 8 different measurement methods for 
assessing the plant water status and concluded that CWSI based on the determination of the canopy 
temperature was the best technique, stating that it was a significant advancement in assessing the water 
status of crop or natural plant communities. Two types of CWSI based on canopy temperature have been 
proposed to estimate the Td, an empirical approach reported by Idso2) and Idso et al. 10 ’ 11 ) and a 
theoretical approach reported by Jackson et al. 15 ’ 16 ) . In the empirical method (Idso's CWSI), CWSI is 
estimated by determining "non-water-stressed baselines" for crops. In addition, estimation of Tcu is 
necessary. However, the non-water-stressed baselines change not only with the crop variety but also with 
the seasons!^. Furthermore, the estimation of the upper limit of temperature is somewhat ambiguous. 

The third criticism has been that Idso's CWSI does not account for radiation and wind speed. In the 
theoretical method (Jackson's CWSI), CWSI is estimated based on the net radiation and an aerodynamic 
resistance factor, in addition to the temperature and vapor pressure terms required by the empirical 
method. Since these variables are site-specific, it is difficult to collect representative meteorological data 
for field practice in a small and heterogeneous crop area. Requirement of large uniform fields and local 
meteorological data is the main problem facing the application of Jackson's CWSI. Although Jackson's 
approach shows how the upper and lower limits can be evaluated, the complexity of the method 
precludes thorough field tests. Thus, there has been a long search for theoretically sound and simple 
procedures that would enable to overcome the shortcomings of the above methods. 

The objectives of the current studies are: 1) to develop a method to assess T using temperatures and a few 
meteorological parameters without the requirement of crop correction factors, empirical coefficients, or 
canopy and aerodynamic resistances, 2) to verify the estimation accuracy of the proposed method by 
comparison with actual T obtained by a weighing lysimeter, and 3) to apply the developed theory to the 
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estimation of CWSI under both field and greenhouse conditions. 
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Theoretical development 

Theoretical development 

Assuming that there is an imitation leaf canopy in the plant canopy with a relatively small volume, the temperature, humidity, wind speed, and other 
environmental parameters of the plant canopy are not significantly modified by the imitation leaf canopy. In other words, the imitation leaf canopy is one 
part of the plant canopy. It is assumed that temperatures of plant canopy and imitation leaf canopy are represented by temperatures of sunlit leaves and 
imitation leaves, respectively. Hereafter, we refer to the imitation leaf canopy as the imitation leaf and the temperature of the imitation leaf canopy as 
imitation leaf temperature. It is assumed that the radiation absorptive and albedo properties of these imitation leaves are similar to those of plant leaves. 
Transpiration does not occur from imitation leaves and the latent heat flux is zero. 

The energy balance of the canopy is represented by the equation^): 

R = G + H + LE .(1) 

where Rn is the net radiation of the canopy, G the heat flux to soil, H the sensible heat flux from canopy to air, and LE the latent heat flux to air. All the units 
are expressed in W nr 2 . Since these variables can be positive or negative, depending on their direction, positive direction for Rn is toward the soil surface 
and positive directions for G, H, and LE are away from the soil surface. 

It should be emphasized that we only focus on the energy balance of the canopy by using Eq. (1). The exposed soil portion of the partially covered canopy is 
separated by using canopy coverage. In the canopy-covered area, the incident radiation is intercepted by the canopy so that the partitioning of energy on the 
soil surface is relatively negligible^. Thus evaporation from the canopy-shadowed soil is generally low and LE is often expressed as canopy transpiration 
(T). 

In Eq. (1), the net radiation can be measured or estimated from solar radiation and temperature. Generally G is negligible for the canopy on a daily basis 1 ’ 22 ) . 
Jackson! 3 ) expressed H by the following equation: 

ACp(Tc-Ta) 

H= .(2) 


where PCp is the volumetric heat capacity (J nr 3 K _l ), Tc the canopy temperature (K), T a the air temperature (K), and r a the aerodynamic resistance (s nr 1 ). 

Since the imitation leaf is in the same canopy, the same value of ra can be used for the imitation leaf 25,26,28) . By assuming that the air temperature at 
reference height is the same everywhere and r a of the canopy is approximately equal to the r a of the imitation leaf, racan be expressed by the following 
equation: 


AC P (T P -Ta) 
r a - 
Rnp 


.(3) 


where T P is the temperature of the imitation leaf surface (K) and Rn P the net radiation of the imitation leaf (W nr 2 ). 
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Combining Eq. (3) with Eqs. (1) and (2), an equation to estimate transpiration from plant canopy can be derived: 


Tc-Ta 

EE— Rn - Rnp .^ 4 ) 

Tp-Ta 


On the basis of the above data, the plant transpiration can be estimated by Eq. (4). The necessary input parameters of Eq. (4) are the temperature (71, To, and 
T P ) and net radiation (Rn and R np ). 

From the coupling of the energy balance equation to the transfer equations for both sensible and latent heat, assuming that the heat fluxes in soil are 
negligible, and defining ” as the slope of the saturated vapor pressure-temperature relation (ec*-e a *)/(Tc-Ta), an expression for the temperature difference 
between the canopy and air can be derived 15 ’ 29 ) : 

YaRn 3 (l + ( Tc/ Ya )) 6a* + ( -6a ) 

Tc-Ta = - .(5) 

kC P r+ 3 (l+rc/r a )] ”+ 3 (l+rc/r a ) 

where r c is the crop canopy resistance (s nr 1 ), e< * the saturated vapor pressure (mbar) at Tc, e a * the saturated air vapor pressure (mbar) at T a , e& the vapor 
pressure of air (mbar), and 3 =0.66 mbar °C _1 the psychrometric constant. 

Eq. (5) relates the difference between the canopy and air temperature to the vapor pressure deficit of air (ea* - ea), the net radiation, and the aerodynamic and 
crop resistances. Based on Eqs. (3) and (5), CWSI related to the canopy temperature will be analyzed. 

The temperature of the imitation leaf T P could be considered to be equivalent to the upper limiting canopy temperature Ten. Therefore, the CWSI obtained by 
our approach can be expressed by the equation: 


Tc - Td 

CWSI= .( 6 ) 

T P - Td 


The lower limiting canopy temperature (7c/), determined by setting r c =r cp in Eq. (5) and substituting Eq. (3) into Eq. (5) is: 


7c/= 


Rn(T P - Ta) 


Rnp 


e 


3* 

” + 3* 


+ T a .(7) 

” + 3* 


VcpRnp 

3 U + ] .( 8 ) 

AC P ( T P -Ta) 


where rep is the canopy resistance without water shortage (s nr 1 ). The value of r cp is likely to vary with the crops and crop varieties. 
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Theoretical development 

On the basis of the above data, it is concluded that by introducing the imitation leaf temperature, CWSI defined by Eq. (6) can be determined from 
temperatures (canopy, imitation leaf, and air), net radiation, and the vapor pressure. The aerodynamic resistance is eliminated and accordingly the 
complexity of application is significantly reduced. 
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Verification experiments 

1) Experiment in a sandy field with sorghum crop 

A 1 ha flat field with coarse grain sand (95.8% of sand in the 0.25-2.00 mm range) at the Arid Land 
Research Center, Tottori University (Tottori, Japan) was used in this study, where a weighing lysimeter 
had been installed. Sorghum (Sorghum bicolor (L) Moench.) crop was grown in the field. A sprinkler 
irrigation system was employed to irrigate the crop in the sandy soil field. Plant densities, both around 
and inside the lysimeter, were about 8 plants nr 2 . Measurements were performed from June 20 to August 
31, 1994. In this experiment, the imitation leaves were made from green paper by selecting a paper which 
had nearly the same color as the plant leaf and cutting the paper into the shape of a plant leaf. Then the 
green paper leaf was inserted in the upper part of the sorghum canopy to avoid shade from the canopy 
(Fig. 1). Actual evapotranspiration was measured by using a weighing lysimeter. Soil evaporation was 
measured daily with the microlysimeters. The plant leaf area was measured with a leaf area meter 
(AAC-400, Hayashi Electric Co., Ltd.) weekly throughout the experimental period to estimate 
planTcoverage and calculate the leaf area index (LAI). Temperatures of the imitation leaf and canopy 
(sunlit leaf) were measured with Cu-Co thermocouples. Stomatal resistance was measured with LI-1600 
Steady State Porometer (Li-Cor. Inc.). Solar radiation and air vapor pressure were obtained from the 
meteorological station of the Arid Land Research Center, Tottori University. The experimental 
procedures were also described in detail by Qiu etal. 26 > 27 X 



Fig.l. Imitation leaf used sorghum experiment 


2) Experiments in a greenhouse with melon crop 

This experiment was conducted from April to July, 1998 in a glasshouse at the National Research 
Institute of Agricultural Engineering (Tsukuba, Japan). The dimensions of the glasshouse were 60.4 m in 
length, 14.4 m in width, and 3.9 m in height (ridge). The orientation of the ridge line was South/North. 
Soil consisted of loam (2.60-2.65 g cm' 3 specific gravity, 0.7-0.8 g cm' 3 dry bulk density, and 70% 
porosity) and the soil surface was covered by a plastic film to prevent evaporation. Melon crop (Cucumis 
melo L.) was used in this experiment in rows 1.5 m apartand the distance between individual plants was 
0.8 m. Water was supplied by the drip irrigation method under the film. Two irrigation treatments were 
arranged. One area was fully irrigated (area A, volumetric water content varied in the range of 0.3-0.4 
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m 3 nr 3 ). Another area was not fully irrigated (area B, volumetric water content varied in the range of 
0.2-0.3 m 3 rrr 3 ). Radiation, air humidity, and temperatures of the imitation leaf and air were measured by 
the same method as in the field experiment. Sunlit leaf temperature of melon was measured using an 
infrared thermometer (THI-500, Tasco Co., Ltd.). Soil water was measured using a TDR soil moisture 
measurement system (Campbell Scientific Inc.). 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/qiu/34-1 (4-3).htm (2 of 2) [10/7/2002 9:13:10 PM] 



Results and discussion 


Results and discussion 

1) Transpiration 

Fig. 2 depicts the daily variations of net radiation and temperatures of greenhouse melon. The canopy 
temperature and net radiation in Fig. 2 are the average values of area A and area B. During sunshine 
time, the Rn value was higher than that of Rn P . The maximum value of Rn was close to 550 W nr 2 and the 
maximum value of R np was close to 400 W nr 2 . The difference between the values could be as large as 
150 W nr 2 (Fig. 2a). Fig. 2b shows the diurnal changes in the measured T P , Tc, and Ta. The variation of 
temperature was affected by the radiation and other weather conditions. The maximum and minimum 
values of radiation and temperature appeared at the same time. Besides these common characteristics, T P , 
Tc, and Ta also displayed specific features. T P was always higher than Tc and Ta during the daytime. The 
temperature difference between T P and Tc could be as large as 20°C in the daytime. During the night, the 
values of T P and Tc were identical. All the data of the other days over the experimental period showed 
similar results. Since the soil surface was not fully covered by the melon canopy, solar radiation could be 
directly absorbed by soil. Moreover, the plastic film used as a cover prevented evaporation from soil and 
the soil surface temperature could be as high as 50°C. Therefore, the absorbed solar energy directly 
affected the air temperature through sensible heat transfer and Ta was higher than Tc. However, as 
reported by other researchers, Tc could sometimes be higher or lower than the Ta under field 
conditions 13 ’ 26 ^ 27 ) . These distribution features of the 3 temperatures enabled to detectcrop transpiration 
and water stress. 

In this study, by using the imitation leaves made from green paper, satisfactory results were obtained. 
However, if the paper were to be wetted due to rainfall or irrigation, the results may be affected. 
Therefore, further studies should be carried out to select different materials to replace the green paper. 

Fig. 3 shows the distribution of melon canopy temperatures in 2 different irrigation areas. During the 
experimental period, the soil water content varied in the ranges of 0.3-0.4 m 3 nr 3 in area A and 0.2-0.3 
m 3 nr 3 in area B. Though daytime average canopy temperatures in both areas varied in the ranges of 
17-33°C, in area A, since the soil water content was higher, the canopy temperature was consistently 
lower than in area B. The temperature difference between the 2 areas was usually less than 1°C. 

However, maximum difference could be as much as 1°C. These results suggest that the canopy 
temperature is a good indicator of the soil water status. 

Fig. 4 shows the daily transpiration of sorghum under field conditions. Daily estimated transpiration (T) 
was obtained by ET-E, where ET was the evapotranspiration measured with the weighing lysimeter and E 
the soil evaporation measured with the microlysimeters. The calculated daily T was obtained from Eq. 

(4). Fig. 4 shows that calculated T agreed well with the estimated T. The maximum difference between 
calculated and estimated transpiration was less than 1 mm day -1 . The transpiration differences on most of 
the days were within 0.5 mm day -1 . The regression analysis showed that the estimated T was closely 
correlated with the calculated T. The regression coefficient was r 2 =0.88. Crop transpiration can thus be 
accurately calculated by the proposed method. 

Fig. 5 shows a comparison of calculated T under different irrigation treatments of melon under 
greenhouse conditions. During the experimental period, calculated T in both irrigation areas varied with 
the changes of the weather conditions. On clear days, the T value could be as high as 5-6 mm day -1 , 
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while on cloudy days the T value could be as low as 1-2 mm day -1 . However, T in area A was 
consistently higher than in area B, the difference being as large as 1 mm day ~Cumulative T was near 
75 mm in area A and 65 mm in area B. 

On the basis of the above data, it can be concluded that the proposed method gives a reasonable 
estimation of crop transpiration under field and greenhouse conditions. 

2) Crop water stress 

(1) Upper limiting canopy temperature 

In Jackson's method, upper limiting canopy temperature (T cu ) is expressed by the equation: 


Ta Rn 

Tcu= +Ta .(9) 

ACp 

In the proposed method, Tcu is equal to T P . Fig. 6 shows that the measured T P agreed with Tcu calculated 
by Eq. (9). Due to the assumption that the canopy resistance was infinite, Tcu was slightly larger than T P 
in the high temperature ranges. The regression coefficient between T P and Tcu was r 2 =0.997. 

(2) Comparison with Jackson's CWSI 

In addition to T and T P (or Tcu), Td is also required to evaluate CWSI by the proposed method and 
Jackson's method. As shown in Eq. (8), the canopy resistance without water shortage r cp is required to 
estimate Tcj. Values of v cp can be estimated by the following empirical equation^ 22 ]: 


r sp 

r cp = .(10) 

LAI 

where r sp (s nr 1 ) is the stomatal resistance without water shortage and LAI is the leaf area index. During 
the early period of the field experiment, sorghum was well irrigated. From 520 measured values of 
stomatal resistance, 10 minimum values were selected to represent r sp . The average value of these 10 data 
was 41.6 s nr 1 . Therefore, the equation r cp -rs P /LAI=4 1 .6/LAI was used to estimate CWSI in this study. 
Fig. 7 shows that the CWSI determined by the proposed and Jackson's methods agreed well, with a 
regression coefficient r 2 =0.997. Since Jackson's method is sound in theory, the agreement of the 2 
methods indicates that CWSI by the proposed method is suitable for detecting crop water stress. 

(3) Relations with soil water status 

Fig. 8 shows a comparison of CWSI in the 2 different irrigation areas of greenhouse melon. During the 
experimental period, the soil water content in area A varied in the ranges of 0.3-0.4 m 3 nr 3 , values about 
0.1 m 3 rrr 3 higher than the values in area B. Meanwhile, CWSI in area A was consistently lower than the 
CWSI in area B, with a difference as large as 0.1. Compared with the soil water content, fluctuations of 
the CWSI curves were larger than the fluctuations of the soil water contentcurves. This phenomenon 
revealed not only that CWSI was mainly affected by the weather conditions at a relatively high water 
content but also that the use of temperature-related CWSI enables to predictalant water stress earlier than 
the soil water-based method. Our results agreed with those of Qiu et al.72) and Stanghellini and 
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Lorenzi 2 ^) w ho showed that canopy temperature-based crop water stress index methods are more likely 
to be suitable for early detection of water shortage than soil water-based methods. 


Summary 

A new method for estimating crop transpiration and CWSI by using a temperature-related approach was 
developed and verified in this study. In the proposed method, 3 temperatures (sunlit leaf temperature, 
imitation leaf temperature, and air temperature) and a few meteorological variables (net radiation and 
humidity) were required. The imitation leaf referred to an artificial leaf without transpiration. The major 
advantage of the proposed method is that plant correction factors, empirical coefficients, and canopy and 
aerodynamic resistances are not required for calculating the plant transpiration and CWSI. 

Experiments in a sandy field with sorghum crop (Sorghum bicolor (L) Moench.) and in a greenhouse 
with muskmelon crop (Cucumis melo L.) were conducted to verify the proposed method. Results were 
compared with the amount of transpiration determined by using a weighing lysimeter and 
microlysimeters, soil water status determined by TDR, and CWSI estimated by Jackson's method. The 
calculated transpiration by the proposed method was consistent with the results obtained by using a 
weighing lysimeter and microlysimeters, with a regression coefficient r 2 =0.88. Values of CWSI 
calculated by the proposed method were in agreement with the Jackson's CWSI, with a regression 
coefficient r 2 =0.997. These results indicate that the proposed method can be applied to estimate crop 
transpiration and water stress index under both field and greenhouse conditions. 
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Fig.2. Daily variations of net radiation and temperatures of greenhouse melon 
a: Net radiation, b: Temperature. 
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Fig.3. Distribution of greenhouse melon canopy temperatures in 2 different irrigation areas 
Arrows indicate the irrigation time. 
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Fig.4. Relation between calculated and lysimeter-meaured transpiration of field sorghum 
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Fig.5. Calculated daily transpiration of greenhouse melon in 2 different irrigation areas 
Arrows indicate the irrigation time. 
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Fig.6. Comparison of the measured T p and the calculated T cu of field sorghum 
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Fig.7. Comparison of CWSI estimated by the proposed method and CWSI by Jackson's method for field 
sorghum 
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Abstract 

Earthquakes have caused considerable damage to fill-type dams. Research into earthquake damage has contributed to the study of 
earthquake resistance of dams. However damage to fill dams occurred almost only in the case of small-scale earth dams, especially in the 
few cases of serious damage. This report describes the damage and performance of earth dams and fill dams more than 15 m high during 
earthquakes, based on literature data as well as field surveys. The results indicated that even stronger earthquakes than the designed 
earthquake intensity did not cause heavy damage to large well-constructed modern dams. The above analysis of the performance of fill 
dams during earthquakes shows that large-scale dams are earthquake-proof. 
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Introduction 

A survey conducted in 1978 showed that there are more than 250,000 fill dams in Japan, 75% of the dams are more than 100 years old and 
generally small, and 80% are less than 10 m high. Fig. 1 shows the distribution of earth dams and fill dams. Like other soil structures, fill 
dams have experienced damage in past earthquakes. Analytical geotechnical/soil-engineering surveys of earthquake damage to fill dams 
have provided useful information for implementing measures against earthquake damage. The surveys revealed that the majority of the fill 
dams which experienced earthquake damage were small-scale earth dams, while no large-scale fill dams higher than 15 m, except for the 
"Manno-ike" dam (which was damaged in the 1854 "Ansei Nankai" earthquake), experienced serious damage2). This report summarizes 
the behavior of fill-type dams higher than 15 m during earthquakes, including cases where fill dams were damaged. 

Earthquake damage to earth dams 

Earthquake damage to fill dams in Japan has paralleled the history of fill dam construction. "Manno-ike" dam is the first reported case of 
earthquake damage to fill dams. The Manno-ike dam was damaged presumably due to the phenomenon referred to as "piping" that 
occurred one month after the Ansei Nankai earthquake (1854). The Nohbi earthquake (1891) damaged the "Iruka-ike" dam (Aichi 
Prefect.). The first post-earthquake survey was performed after the Kitatango earthquake (1927). Table 1 reviews the earthquake damage 
to earth dams since 1927. The damage by Oga earthquake (1939) was surveyed by AkibaH. The major conclusion was that earth dams 
with embankments of sandy soil experienced severe damage, suggesting that "liquefaction" could have been incriminated. Subsequently, 
detailed surveys of earth dam damage were conducted after the past several earthquakes^^). 

Fig. 2 shows the relationship between the damage rate of earth dams and the average distance from the epicenter of the affected districts in 
the case of Hyogoken Nambu earthquake. The solid line in the Figure represents the maximum value for the relationship between the 
damage rate and distance from the epicenter. Although this relationship differs depending on the conditions of the ground and dam bodies, 
the line in the Figure represents the maximum values of the distance from the epicenter and the reservoir damage rate, which was 
attributable to the earthquake. 
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Avrugr rpkvalrr distance from the epicenter K(km) 


Fig.2. Average epicenter distance and damage rate of earth dams in the 
case of Hyogoken Nambu earthquake 



Fig.3. Relationship between average distance from epicenter and 
damage rate based on past earthquake data 


Fig. 3 depicts the relationship between the average distance from the epicenter and estimated maximum damage rate as a function of the 
magnitude for the Tokachi-oki, Niigata, Nihonkai Chubu, and Hyogoken Nambu earthquakes shown in Table 1. Since the degree of 
damage and ground and dam conditions were not taken into account, the estimates are merely conservative. 

Fig. 4 shows the relationship between the earthquake magnitude (Mj) and the earth dam farthest from the epicenter, which was damaged 
by the earthquake (hereafter referred to as "critical distance from epicenter"). Using past data, the relationship between Mj and the critical 
distance from the epicenter can be expressed as: 

R = 11 5 M j 6.1.(1) 

log R = 0.846 Mj 4. 14 6.1 fMi 8.(2) 


where Mj: magnitude, R: critical distance from epicenter (km). 

This relationship is indicated by the solid line in the Figure, which also delineates the boundary of the damaged area. The upper area did 
not sustain any damage and the lower area shows the zone where damage is likely to have occurred. Therefore, the damage rate increased 
in a downward direction in the Figure. It should be noted that the critical distance from the epicenter represents the distance from the 
epicenter shown in Fig. 4 at which the damage rate became zero. The value of Equation (1) depends on the properties of the earthquake, 
ground conditions, and earth dam conditions. However, the approximate distance from the epicenter at which damage starts to occur can 
be determined by calculating the distance from the epicenter and the magnitude. 

Table 2 summarizes the outline of earth dam damage caused by 5 past earthquakes. The damage can be divided into the damage to the 
dam body and dam facilities (spillway, outlet works). In addition, the dam body damage can be classified into functional defects (crack, 
settlement, slip) and failure which prevents water storage. These damages may occur at the same time: e.g. settlement occurs along with 
slip, or settlement and crack may occur independently. Table 2 lists all the possible damages. 

As for the cracks, most of them are longitudinal cracks parallel to the dam body axis. They are frequently generated on upper slopes and 
crests of dam, presumably due to the difference in stability between upper and lower slopes. Lateral cracks in the direction perpendicular 
to the dam axis can be associated with serious damage because water may leak from the dam bodies although such cracks occur only at a 
low rate. Most of the lateral cracks cross the dam body. In the Nihonkai Chubu earthquake, lateral cracks were generated on the border 
between the abutment and dam body, and near outlet works at a rate of about 50%. The same phenomenon was noted in the survey of Oga 
earthquake. This trend may be due to the difference in the behavior between the abutment and dam body, and between the dam body and 
outlet works. 
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Table I. Earth dam damage caused by several earthquakes 


No. 

Name of 
earthquakes. 

Occurrence lime 

Magnitude 

m 

Number of 
earth dams 
damaged 

1 

Kitalango 

Mar, 

7. 

1927 

7,5 

90 

2 

Oga 

May 

1. 

1939 

7,0 

74 

3 

Niigata 

Jim. 

16 , 

1964 

7.5 

146 

4 

Matsushiro 

Aug. 

1965™ 

Max. 

57 



Dec. 

1970 


5.4 


5 

Tokachi-old 

May 

16 , 

1968 

7.9 

202 

6 

Miyagikcruoki 

Jut). 

12* 

1978 

7,4 

33 

7 

Nihonkai Chubu 

May 

26* 

1983 

7.7 

238 

& 

Qtibaken Tohch-oki 

Dec. 

17, 

1987 

6.7 

9 

9 

Kushiro-ckl 

Jan, 

15* 

1993 

7.8 

t 

10 

Notohanto-oki 

Feb. 

7* 

1993 

6.6 

21 

11 

Hokkaido Narisei-ofci 

July 

12, 

1993 

7,3 

13 

12 

Hokkaido Toho-oki 

Ocl 

4. 

1994 

6.1 

0 

13 

Sanriku Hamka-oki 

Dec, 

28, 

1994 

7.5 

7 

14 

Hyogokcn Nambu 

Jan. 

17. 

1995 

7.2 

1.362 

16 

Sorachidtuo 

Sep. 

23. 

1995 

56 

1 

17 

Miyagtken Hokubu 

Sep. 

1 >t 

1996 

59 

5 

18 

Kagoshimakcn Satsumal 3) 

Mar, 

16, 

1997 

6.3 

] 

19 

Kagostiimakcn Sal5umal 2) 

May 

13. 

1997 

6.1 

2 

20 

Yamaguchiken Hokubu 

July 

IS. 

1997 

6.1 

2 


\h\VA 
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Fig.4. Relationship between magnitude Mj and critical distance from epicenter R 
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Table 2. Outline of earth dam damage 


Damage of dam body 

Nunc of Number of ___ Damage of function of dam 


earthquakes 

surveyed 
earth dams 

Lateral 

Crack 

Longi- 

tudtnal 

Both 

Ipper 

Slip 

Lower 

slope 

Both 

Settle¬ 

ment 

Failure 

Outlet Spill- 

works way 

Oga 

58 (6) 

43 

0 

5 

17 

6 

6 

42 

12 

9 6 

Niigata 

123(37) 

87 

3 

8 

34 

16 

1 

30 

7 

38 7 

Tokachi-oki 

93 (8) 


-24- 


25 

10 

4 

8 

10 

-24- 

Miyagiken-oki 

83 (5) 


-49- 



-17- 


7 

0 

— 6- 

Nihonkai Chubu 

218(15) 

138 

3 

16 

32 

21 

10 

79 

10 

50 28 


( ) Number of earth dams with a height above 10 m 
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Type of earth dam damage 

For grouping the type of damage in Nihonkai Chubu earthquake, a classification was carried out on the 
basis of the major causes of damage, according to the damage classification for river dikes and railway 
embankments. Fig. 5 shows the classification of damage types. Table 3 shows the types of damage. 
Types I and III accounted for 30% respectively, followed by Types II, IV and other types. Type V 
accounted for only 1.8%. In Type I (crack) the shape of the dam body was maintained with little 
settlement and cracks alone were generated. This type is characterized by the fact that many dam bodies 
are made of clay on good foundation ground. There were 3 examples of cracks generated along the line 
grouted in the past. In Type II (settlement) the shape of the dam body was maintained with 
accompanying cracks, and the major cause was attributed to the settlement of the foundation ground. 
Type III (failure of slope) and Type IV (slip) showed basically the same type of damage, but in Type III 
the damage was less severe than in Type IV. Most of the dam body remained sound and serious damage 
was not observed in Type III. A slip was recognized in Type IV , though this type accounted for only a 
few cases. Most part of the dam body experienced settlement by slip in Type IV , frequently causing 
large damage such as failure. In Type V, the dam body and the foundation ground were broken. Though 
the number of cases was very low, earth dam failure occurred in many cases like in Type III. The 
estimated causes included liquefaction of the dam body and foundation ground. In addition, outlet works, 
spillway, abutment break, and damage to only the covering block accounted for about 10% of the total. 

Table 4 shows the number of cases with damage and damage rate for each dam body soil obtained from a 
questionnaire for 218 damaged earth dams and 1,834 non-damaged earth dams in Nihonkai Chubu 
earthquake. The cases of damage in clay and gravely clay soil accounted for 80% in comparison with 
sandy soil. On the other hand, the damage rate of sandy soil against all earth dams including 
non-damaged earth dams was as high as nearly 20%, which was nearly twice the rate of that in the case 
of clay and gravely clay. This tendency was more obvious for the damage rate of earth dams with serious 
damage. Dam body soil was sampled in 39 areas of damaged earth dam and in 18 areas of non-damaged 
earth dam, and subjected to physical soil tests. As for the non-damaged earth dams, those located in a 
similar region, which showed similar geographic characteristics and height were selected as far as 
possible. 

Damage to fill dams more than 15 m high 

Table 5 shows the time of construction of fill dams for irrigation, with heights of more than 15 m prior to 
1985. The total number of fill dams was 1,872, with 1,506 earth dams and 438 were very old, being 
constructed before the Meiji era (1868-1911). Most of these were brought into service during the Edo 
period (1603-1867). The following refers to the damage of fill dams with heights of 15-30 m in Japan. 
Table 6 lists major earthquake damage to fill dams with heights of 15-30 m in JapanTi. This table shows 
that no large-scale fill dams with a height of 15-30 m had experienced serious earthquake damage, except 
for the Manno-ike dam. Table 7 shows observations made during earthquakes in typical large fill dams 
with heights of more than 30 m in Japan. The table includes the Akita-Toho earthquake (1970) with 
Mj=6.5 where the "Ainono Dam" was damaged. This dam was completed in 1961. It showed a uniform 
type and was 41 m high. This dam had a seismometer installed at the dam site. It was reported that the 
seismometer swung outside the scale, thus failing to register the earthquake intensity. An attempt to 
calculate the earthquake intensity, from an epicenter distance of 15 km, indicated that the maximum 
input acceleration of seismic waves transmitted to the bedrock was around 150 gal. The post-earthquake 
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survey report disclosed that major damage occurred on the crest of the dam in the form of several vertical 
cracks extending over 40 m, each 5 to 25 cm in width. 

The Nihonkai Chubu earthquake was recorded at the Namioka dam, 146 km from the epicenter. The 
recorded data showed that the maximum input acceleration of seismic waves transmitted to the bedrock 
was 94 gal, with the emba nk ment crest exhibiting a seismic response of 223 gal. The earthquake 
occurred when the dam was empty, and only slight damage occurred. The Naganoken Seibu earthquake 
(1984; Mj=6.9) did not result in severe damage of the Makio dam close to the epicenter. This dam was 
completed in 1961 as a central core-type rock fill dam with a height of 105 m. The dam was equipped 
with strong-motion earthquake response seismometers, with a maximum scale limit of 300 gal, one on 
the top and another in the bedrock. It was suggested that the earthquake motion could have exceeded the 
scale, possibly reaching 500 to 600 gal. A post-earthquake investigation revealed that the downstream 
crest slipped along the slope over a width of 20-50 cm, and a height of 10-50 cm, without causing serious 
damage. The Makio dam design included protection against a horizontal seismic intensity of Kh = 0.15, 
and a minimum safety factor of 1.40. The Chibaken Toho-oki earthquake (1987; Mj=6.7) damaged the 
Nagara dam. This dam was completed in 1985, and was an earth dam 52 m high, located at a distance of 
29 km from the epicenter. The earthquake caused a maximum input seismic wave acceleration of 262 gal 
propagating in the bedrock in the upstream/downstream direction, and 365 gal recorded on the crest 
where only cracks occurred. The Hyogoken Nambu (Great Hanshin-Awaji) earthquake (1995; Mj=7.2) 
damaged many soil structures but there was no serious damage affecting large fill dams. Taniyama Dam 
is located at a distance of about 7 km from the epicenter and as close as 3 km for the Nojima Fault. 

These instances show that fill dams characterized by modem geotechnical/soil engineering designs are 
earthquake-proof and are not subject to heavy damage. Dams experienced only slight damage even with 
seismic intensities above that considered in the dam designs. 

Some instances of earthquake damage to typical fill dams outside Japan are depicted in Table 8 . In the 
United States, the Santa Barbara earthquake (1925) damaged the Sheffield damM). The banks of this 
dam were 11m high and were insufficiently compacted. They failed to withstand the rise in pore water 
pressure in the lower part of the dam and collapsed. The San Fernando earthquake (1971) caused serious 
damage to both the Lower San Fernando dam with a bank height of 43 m and the Upper San Fernando 
dam with a bank height of 25 m. These 2 dams had been constmcted according to a hydraulic-fill 
process, and were in the neighborhood of a fault. Therefore they experienced damage. Recently, the 
Loma Prieta earthquake (1989) has caused slight damage to 9 earth dams. The seismic data from the 
Lexington dam show that the dam abutment (approximately corresponding to the bedrock) experienced a 
maximum seismic wave input acceleration of 452 gal. 

The center of Luzon Island, Philippines, had an earthquake with a magnitude of 7.8 on July 16, 1990, and 
the Pantabangan (107 m high) and Masiway dams (25 m high) near the epicenter were damaged. The 
damage to the Pantabangan dam was relatively slight, including a settlement of the crest (25 cm) and the 
release of joints in the upstream concrete wall with gaps in some joints. Masiway dam suffered more 
severe damage than the Pantabangan dam. The earthquake caused a settlement of 1.5 m on the crest near 
the spillway. However, the dam remained safe to use in terms of leakage and sliding surface. Considering 
the distance of this dam from the epicenter, and the magnitude of the earthquake, it is estimated that the 
maximum input acceleration of the seismic waves transmitted to the dam was approximately 300 to 400 
gal. These values clearly exceeded the design criteria for earthquake intensities, but no serious damage 
occurred. 
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These findings based on earthquake surveys show that large-scale fill dams have never experienced 
serious damage, suggesting that current dam design methods (material characteristics and slope stability 
analysis method) are technologically sound. 
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Table 3. Relationship between tbe type of damage and soil type in the case of the Nibonkai Chubu earthquake 



I 

0 

III 

IV 

V 


Type of damage 

Crack 

Settlement 

Failure of 
slope 

Slip 

Failure 

Dam facilities 

Number of cases 

69 

47 

62 

13 

4 

23 

Material of 

embankment —Others* 1 

4 

57 

8 

11 

30 

6 

8 

48 

6 

2 

11 

0 

3 

1 

0 

5 

17 

Rate (%) 

31.6 

21.6 

28.4 

6.0 

1.8 

10.6 
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Table 4 . Relationship between soil type of dam body and damage of earth dam in the case 
of the Nihonkai Chubu earthquake 


Soil type 

Number 
of dams 

Number 
of eases 

Number of cases 
with serious 
damage ,J 

Rate ( total) 
(%) 

Rate 

(Serious 

damage) 

(%) 

Sandy soil 

215 

43 

10 

20,0 

4.7 

Gay sod 

UJ8 

ISO 

5 

10 3 

0.4 

Gravel day soil 

287 

40 

l 

13.0 

1.4 

Others 

74 

5 

0 

6.8 

0 

TotaJ 

LS34 

218 

16 

11.9 

09 

a) ; Serious damage refers to failure or settlement above 1.0 m 
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Table 5. Time of construction of fill dams with height above 15 m 


Construction time 

- 1867 

1868 

~ 1945 

1946 

-1950 

1951 

-I960 

1961 

-1970 

1971 

-1980 

1981 

-1985 

Under 

construction 

Planned 

Total 

Number 

438 

610 

51 

189 

193 

148 

18 

186 

39 

1.872 «T 


(23.4) 

(32.6) 

(2.7) 

00.1) 

(I0J) 

(7.9) 

(1-0) 

(9.9) 

(2.1) 

(100) 


a): 1,506 earth dams. 
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table 6. Observations of earthquake damage In fill dams with bright of 15 - 30 m In Japan 


Earthquake 

Dale 

Magnitude (Mjl 

Name of dam 

Date of completion 

Height (ml 

In pc of dun 

( har:u lenvlK s ol damage 

Degree of damage 

Anaci Niink.n 

Jul 24.1854 

8.4 

Manno-ikc 

Around 700 

B 

Faith 

One month alter the earthquake, leak¬ 

Serious! Failure) 








age ns as reported in the embankment 









Failure occurred 6 days later 


Nobi 

Oct 28. 1891 

8.4 

Imka-ikc 

1633 

29 

Earth 

l ongitudinal cracks on the crest. 

Slight 

kanto dai 

Sqrt. 1. 1923 

7.9 

Ohno Reservoir 

1914 

34 

Earth 

Crest settlement of 24 cm. l ateral 

Medium 







(concrete core) 

cracks on the crest. 





Maruvama 









t'PPcr 

1923 

24 

Earth 

Crest settlement of 20 cm. 

Slight 




Lower 

Under Construction 

16(33) 

Earth 

1 ongitudinal cracks on the crest 

Slight 

<Jga 

May 1.1939 

7.0 

Iwakura Tametke 

1931 

17 

Earth 

1 ongitudinal cracks on the crest 

Slight 

Matsushiru 

Aug 1965 

Max. 5.4 

Ohikc 

1927 

16 

Earth 

Longitudinal cracks. 

Slight 


-Dec. 1968 


Shionoui 

1936 

25 


Longitudinal cracks. 

Slight 

Niigata 

fun 16. 1964 

7.5 

Takmosawa 

1954 

15 

Earth 

Cracks on the slope. 

Slight 




Fujita 

1952 

18 

Earth 

Cracks on the slope and crest. 

Slight 




Maim 

1950 

22 

Earth 

Cracks on the crest 

Slight 




Hau-ikc 

1953 

16 

Earth 

Leakage from downstream slope. 

Slight 




Ohkura 

1807 

16 

Earth 

Cracks on Ihe crest. 

Slight 




Hinuawa 

1948 

24 

Earth 

Cracks on the crest 

Sl.gM 




Kamonotani 

1933 

15 

Earth 

Heavy leakage from the bottom 

Serious 




Nishino 

1935 

18 

Earth 

Cracks on the crest. 

Slight 




Shekishiha 

1958 

30 

Earth 

Unknown. 

— 




Bakura 

1931 

21 

Earth 

1 cakage front the bottom of the 

Medium 








embankment 


Tokachioki 

May 16. 1968 

7.9 

Tanosawa 

1626 

23 

Earth 

Cracks on the crest, settlement 

Medium 




Kogane/awa 

1938 

21 

Earth 

Cracks on the crest. 

Slight 

Akita Toho 

Oct. 26.1970 

6.5 

Yunosawa 

1930 

27 

Earth 

Slide cracks on the crest 

Medium 








Cracks on the crest (20 cm wide). 

Slight 

Miyagiken-oki 

Jun. 12.1978 

7.4 

Ushino 

1965 

23 

Rock- 

Slide of upstream surface. 

Slight 




Irasawa 

1948 

24 

mi 

l ateral cracks. 

Slight 

Nihonkai 

May 26. 1983 

7.7 

Mcgurisekida 

— 

18 

Earth 

Cracks, leakage front the bottom 

Slight 

Chubu 



Mongo 

1956 

17 

Earth 

Crest settlement of 50 cm. 

Medium 




Migashidaisa 

1970 

17 

Earth 

Leakage from the bottom. 

Slight 




Ohnitsumi 

1940 

15 

Earth 

Cracks on the surface block. 

Slight 

(. hihakcn 

Dec. 17.1987 

6.7 

Konaka Tamcikc 

1936 

21 

Earth 

Cracks on Ihe crest. 

Slight 


Toho-oki 
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Conclusion 


Conclusion 

We have compiled data on earthquake damage to fill dams in Japan and in other countries. The majority of the fill dams that 
experienced earthquake damage were small, and fill dams for which modem geotechnical/soil engineering designs were 
applied did not experience serious damage even with earthquake intensities above the design criteria. Therefore, it is 
considered that large-scale fill dams are markedly resistant to earthquakes. The conclusions are as follows. 

1) For small earth dams 

(1) Based on the data of 5 earthquakes, the distance from the epicenter at which earth dam damage occurs is expressed using 
magnitude as follows; 

R = 1155 5M j 6.1.(1) 

log R = 0.846 Mj-4. 14 6.1 f Mi 8.(2) 


where Mj : magnitude, R: critical distance from epicenter (km). 

(2) Most cracks generated on dam bodies are longitudinal cracks parallel to the dam body. There are few lateral cracks 
perpendicular to the dam body and they occur frequently on the border of the abutment and near outlet works. 

(3) As for the physical properties of the dam body, the damage is serious for sandy soil dams, particularly in the case of 
failure. It is estimated that liquefaction was the major cause of damage for many dams. 

2) For large fill dams 

(1) The only case of earthquake damage to a fill dam with a bank height of more than 15 m is that experienced by the 
Manno-ike dam. 

(2) Earthquakes have subjected fill dams to maximum input accelerations of 260 to 600 gal. Conversion to static earthquake 
intensity shows that these values exceed the earthquake magnitudes considered in design criteria. It is evident that even such 
high intensities do not cause serious damage to large-scale fill dams. 

(3) Although fill dams with heights above 15 m in the United States have experienced serious damage, it must be noted that 
they were constructed based on the hydraulic-fill process. The above review indicates that large fill dams with heights above 
15 m and constructed with the current dam designs exhibit a high earthquake resistance and provide sufficient safety against 
earthquakes. 
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Abstract 

Excess nitrogen corresponding to about 2-3 times the amount required for forage plant growth had been 
applied continuously for many years in dairy farms at Shisui machi, Kumamoto Prefecture in Kyushu 
because of the limited area of crop fields. Field experiments with reduced application of animal wastes 
(RAAW) which contained only half the amount of requirements for corn plant growth were conducted to 
decrease nitrate nitrogen (NN) accumulation and restore the mineral balance in corn plants and crop field 
soil in 6 dairy farms. (1) The NN concentration in the com stem decreased to less than 5 g/kg (dry matter 
basis) and no whole plant shoots with a NN concentration above 2 g/kg were observed after the reduction 
of animal waste application for 1 year. (2) The content of exchangeable potassium (EK) in the dairy farm 
soil decreased from 60 to 27 mg/lOOg after RAAW for 2 years. (3) Average dry yield of com plants in 
the 4th year was 16% lower in the case of RAAW than in the case of excess utilization of animal 
composts, but the difference was not significant. The concentration of K was lower in RAAW, which 
resulted in the decrease of the K/(Ca+Mg) equivalent ratio from 1.78 to 1.15 in the corn plants. These 
data suggest that RAAW can improve the feed quality by reducing the NN content and restoring the 
mineral balance in plant. 

Discipline: Soils, fertilizers and plant nutrition 

Additional key words: environmental conservation, K/(Ca+Mg) equivalent ratio, nitrate nitrogen, 
potassium, sustainable agriculture 
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Introduction 

Recycling of animal wastes in agrosystems is very important for sustainable agriculture and 
environmental conservation^). Animal wastes contain most of the plant nutrients such as nitrogen, 
phosphoms and potassium (K). For example, nitrogen occurs in both ammonia and organic forms, while 
the latter one may be transformed into ammonia through the mineralization process in soil, which may be 
further transformed into nitrate through the nitrification process in soil under aerobic conditions. Nitrate 
can be readily taken up by plants. However, if an excessive amount of animal wastes is applied into 
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fields, the residue part of the nutrients which could not be absorbed by plants tends to accumulate in the 
soil, resulting in the pollution of the surrounded environment including surface water, groundwater and 
air through drainage, leaching, and denitrification processes. 

In fact, excessive amounts of animal wastes have being applied onto many dairy farms for many years in 
Japan due to the limited area of forage crop fields^). It is generally recognized that nitrate nitrogen (NN) 
from animal wastes is leaching into the groundwater and sometimes causes nitrate pollution of drinking 
water in some regions. Moreover, as the excessive amount of nitrate taken up by plant roots can not be 
metabolized into organic forms, nitrate tends to accumulate together with K in the stems of the forage. 
And if such kind of forage is fed to dairy cattle, nitrate will be converted into nitrite in the mmen. Nitrite 
can react directly with hemoglobin in livestock animals to produce methemoglobin, which impairs the 
ability of red blood cells to transport oxygen and damages livestock's healthkQ. 

Therefore it is essential to decrease the application volume of animal wastes onto forage fields. In this 
report the restoration of the nitrate and mineral balance in dairy farm soils and forage plants which had 
not been thoroughly investigated in Japan hitherto will be confirmed. 


Materials and methods 

Six dairy farmers operating 16 forage fields were surveyed in this study. The dairy farms were located in 
Shisui machi, Kumamoto Prefecture in Kyushu. On the average, one farmer operates 6 ha of arable land 
and owns 67 milking cows. Usually forage com is grown for summer cropping followed by Italian 
ryegrass for winter cropping every year, and sometimes com is grown 2 times annually in summer and 
autumn. In 1994, we collected data about the application rate of animal wastes from these 6 farms, while 
soil and com samples were taken from 10 fields belonging to 2 representative farmers. From late 1994, a 
composting facility was built in the dairy farm and part of the wastes was converted to organic fertilizer 
to be used in other farms, so as to reduce the load volume of animal wastes in some forage fields. 
Therefore, from late 1994, we recommended that the farmers reduce the application rate of animal wastes 
in part of their fields. The outline of the reduction of application of animal wastes (RAAW) is shown in 
Table 1 . About half the amount of nitrogen requirement for com growth was applied to decrease NN 
accumulation in the com plant and to restore the soil mineral balance. The soil pH (0-30 cm in depth) 
ranged from 6.01 to 6.85 at the time of com harvest in 1994. We suggested that the volume of application 
of ground dolomitic limestone should decrease because a rate of 1 to 2 t/ha had been used every year 
until 1994. Three farmers reduced the application time every other year and the other 3 farmers 
discontinued the application in the following year. Soil pH did not change and remained stable after these 
treatments. In 1995 and 1996, 4 fields from 1 representative farmer were continuously monitored, and in 
1997, soil and com samples at the harvesting stage in all the 16 forage fields were collected to determine 
the effect of this practice on soil properties and com growth. 
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Table I. Average supply and absorption of nitrogen <N> and potassium 
fKj in 6 dairy farms 

Supply and absorption of N and K tkg/ha} N k 

Before 1994 

Animal wastes 1.1W* * 727* 

Chemical [emitter 54 IS 

Absorption by forage 

Com 247 365 

Italian ryegrass 12-6 119 

Total 415 507 

After 1994 

Reduced application of an imal wastes (RAAW J 139* SI * 

Chemical fertilizer 54 15 

Density of mi Iking cows is 11.2 hcad/hn. 

* Each average value was estimated based on statistical data of animal wastes"'. 
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Results 

1) Nitrate accumulation and mineral imbalance in soil and forage before 1994 

Before the sowing of com in the spring, chemical fertilizer had been applied to each field at the rates of 
39 kg N, 54 kg P 2 O 5 and 18 kg K 2 0/ha. However most of the nutrients required for com growth were 
derived from animal wastes. Table 1 shows the average input and output value of nitrogen and K 
estimated based on statistical dataTA) from 6 dairy farms. In this Table we also listed the volume of 
chemical fertilizer and animal wastes utilized for com production after RAAW treatment. As the dairy 
cattle density was very high, the farmers had to apply all the animal wastes in winter. Obviously, the 
amount of nitrogen applied in animal wastes was about 2-3 times higher than that removed by com and 
Italian ryegrass. Table 2 gives the mineral content in the soil and com plant at the harvesting stage in 
1994. The amounts of EK and magnesium (Mg) were very high in the soil, and hot water-soluble 
nitrogenM was still present in the soil at high concentrations even at the harvesting stage. A value as 
high as 0.2% nitrate nitrogen (NN) on a dry matter basis was detected in com even at the yellow ripe 
stage. Therefore, it was demonstrated that an excessive amount of nutrients from animal wastes 
accumulated in the dairy farm every year and a larger amount of nitrate also accumulated in com before 
1994. 

2) Effect of RAAW on forage NN content 

Reduced application of animal wastes decreased the NN content in the com stems (Fig. 1). In Field 1, 
the NN content of the corn stems decreased significantly from 1994 to 1997. Especially, the value 
decreased by 50% in 1995 just after 1 year's practice. In Field 3, since animal wastes had been heavily 
applied for many years, the NN content remained high, but also decreased in 1997. Fields 2 and 4 
showed different patterns, because these 2 fields were located far away from dairy cattle, and the animal 
waste load volume varied. In 1996, the nitrate nitrogen content of corn stems increased sharply in Field 4 
due to the large increase of animal waste load volume. It is likely that nitrate accumulation in the com 
stems depended on the animal waste load volume and might have decreased within 2 or 3 years if the 
load volume could have been controlled. 
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3) Exchangeable K (EK) in soil 

Fig. 2 shows the content of exchangeable K (EK) in soil. The EK content in all the fields was relatively 
higher at the beginning of the practice, but after 3 years, the EK content significantly decreased except in 
Field 4, which suggested that the EK content in soil could also decrease within 2 or 3 years. 
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Fig. 2. Time course of exchangeable potassium content in 
the forage field soil (0-30 cm in depth) under 
reduced application of animal wastes 


4) Effect of reduced application of animal wastes for 3 years 

Fig. 3 shows the effect of RAAW in the 16 farm fields in 1997. In 10 fields RAAW was implemented 
compared with 6 fields with continued heavy application of animal wastes. Although the com dry yield 
relatively decreased due to the decrease of animal waste application, the nitrogen content, K content and 
K/(calcium(Ca)+Mg) equivalent ratio in the com plant as well as the contents of hot water-soluble 
nitrogen and exchangeable K in soil decreased, while the contents of exchangeable Mg and Ca increased 
in soil. 


Discussion 

Animal wastes are rich in nutrients for increasing crop yield and improving soil fertility. However, the 
nitrogen content in soil has increased significantly by heavy application of animal wastes for many years 
since large-scale animal production was introduced in Japan^l. Nitrogen enrichment in forage fields has 
caused problems in animal health!!), and resulted in groundwater pollution by nitrate. Besides nitrogen 
enrichment, K also accumulated in such fields. Owing to the antagonistic effect of K, absorption of Ca 
and Mg by crops was retarded, resulting in the increase of the K/(Ca+Mg) equivalent ratio^l. It was 
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reported that if the K/(Ca+Mg) ratio in forage crops increases to a large extent, there will be a higher risk 
of grass tetany 4). Also, a high K level induces metabolic alkalosis in prepartum dairy cows, which 
reduces the ability of the cows to maintain Ca homeostasis^). Therefore, not only for the farmers but also 
for the people living in such rural areas better management of animal wastes should be implemented^. 

In the dairy farms, the nitrogen volume applied as animal wastes was estimated to amount to about 2 
times that of the com requirement before 1994 (Table 1). Even at the harvesting stage, a higher amount 
of hot water- soluble nitrogen was still present in the crop field soil (Table 2). The average EK content in 
the fields tested also increased to about 3 times that of the standard soil diagnosis value in volcanic soil. 

From late 1994, the mean amount of nitrogen applied as animal wastes decreased to half of that required 
by com approximately. However, the amount removed by com still exceeded 200 kg/ha (Table 1), 
indicating that the organic nitrogen from the wastes which had accumulated in the soil for many years 
had undergone nitrification, and that the amount of nitrate was adequate for com growth. Furthermore it 
is important to decrease nitrate accumulation in the com stems (Fig. 1). Obviously, after several years of 
continuous RAAW, the amount of N and K nutrients in soil may become insufficient for plant growth. 
That is to say, soil nutrient diagnosis tests should be carried out every few years to determine the suitable 
application volume of animal wastes, should the nutrients be unable to meet the requirement for crop 
growth. 

In the present investigation, we observed that exchangeable K had accumulated in soil in 1994, the 
content being 2-7 times higher than the standard value of soil diagnosis (Table 2). Ito et al. (1982) 
reported that the movement of K down the soil profile was fairly large in the case of humus-rich volcanic 
ash soil4). It is possible that the EK may move out from the soils investigated by leaching in the rainy 
season. Furthermore, owing to the large biomass of com and higher requirement of K, as much as 365 
kg/ha K was removed during the cultivation of com in summer (Table 1). These factors led to the 
decrease of the content of exchangeable K after the amount of animal waste application was reduced 
(Fig. 2). 

As shown in Fig. 3, the mean value of com yield after reduced application of animal wastes for 3 years 
exceeded 18 t/ha. The volume was about 4 t/ha less than that in the case of heavy application and no 
significant difference was observed. Moreover, the reduction of application of animal wastes led to the 
decrease of the nitrogen content and the restoration of the mineral balance in both forage field soil and 
com plant as shown in Table 2 and Fig. 3. The K/(Ca+Mg) equivalent ratio is an important parameter to 
evaluate the mineral balance in plant. The decrease of this ratio was caused by the decrease of the EK 
value in soil. We also observed an increase of the contents of exchangeable Ca and Mg in soil with 
RAAW, for unknown reasons. The decrease of the K content in the plant should enable livestock to 
obtain more Ca and Mg, which are essential to maintain Ca homeostasis 1) and to avoid the risk of grass 
tetany. It was considered that the restoration of the mineral balance in these field soils may require a long 
period of time. The present study shows that the restoration of the mineral balance in plant and soil was 
very rapid within 2 or 3 years of reduced application of animal wastes in the dairy farmer fields. 

The farm size of the dairy farmers surveyed here is representative of that in Japan. Many of these farmers 
have been burdened by the large volume of animal wastes required for application in their fields. With 
the production of compost fertilizer, the application volume could be reduced, and nitrate accumulation 
and the mineral balance in forage could be improved simultaneously within 2 or 3 years. 
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Varietal Differences in Palatability of Degraded Forestland 
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Table 2. Mineral content in soil and corn shoot at harvesting stage in 1994 


Farm 

Soil (6 

- 30 cm depth) 




Com 


PH 

W.S.N 5 ^ 

Exchangeable (mg/IOOg) 

Dry matter 
yield (t/ha) 

NN**X% dry matter basis) 

K 

Mg 

Ca 

Stem 

Shoo: 

A Mean 

6.63 

3.6 

52 

42 

534 

2.06 

0.418 

0.165 

Max 

6.85 

4.8 

53 

46 

578 

2.45 

0.621 

0.260 

Min 

6.41 

2.4 

32 

32 

496 

1.88 

0.245 

0.098 

B Mean 

6.14 

2.8 

69 

39 

427 

1.64 

0.386 

0.145 

Max 

6.23 

2.5 

116 

60 

537 

1.86 

0.546 

0.219 

Min 

6.01 

3.1 

61 

28 

290 

1.31 

0.283 

0.131 

S.D c) 

6.0-6.5 

- 

12-23 

24 

400 





a) :Hot water-extracted nitrogen. b):Nitrate nitrogen, c): Standard value of soil diagnosis. 
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Abstract 

Palatability of 14 varieties of orchardgrass (Dactylis glomerata L.) was evaluated with Holstein heifers 
by using a trough cafeteria method for 4 years. Highly significant differences in the palatability of 
varieties were recognized throughout the growing seasons in each year. Multiple regression analysis was 
carried out in 15 cafeteria trials to identify the variables which could predict the palatability of varieties. 
Among 41 available variables, the best combinations of 2 variables were identified in each growing 
season. For all the seasons, the concentration of Ca, the concentration of P, and flexibility of leaf and 
stem were considered to be the best positive predictors for the palatability. In contrast, ADF and 3 kinds 
of diseases (Rhynchosporium scald, rust and total leaf diseases) were considered to be the best negative 
predictors for the palatability. Lude, a French variety, exhibited superior characteristics in quality 
compared with other varieties, namely, high palatability, resistance to rust and total leaf diseases, high 
flexibility of leaf and stem and the highest concentration of Ca among the tested varieties. Intake of fresh 
materials in 2 varieties, Lude and A ki midori was compared by using Holstein heifers. It was observed 
that the estimated increase of dry matter intake (DMI, g/kgBW 0 - 75 ) of Lude over Aki- midori was 3.49 g 
at the same DMD level. High palatability in Lude might have a positive effect on the DMI level and 
could increase it more than expected from the DMD level. A model for the improvement of both 
palatability and quality which includes digestibility and mineral-balances was proposed as a part of the 
forage breeding program in Japan. 

Discipline: Grassland / Plant breeding 

Additional key words: cafeteria trial, calcium, disease, flexibility, Holstein heifer, intake 
1)...17) : References 

(Received for publication, March 31, 1999) 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/mizuno/34-1 (7).htm (1 of 2) [10/7/2002 9:14:03 PM] 



34-1(7) 


Introduction 

Orchardgrass (Dactylis glomerata L.) is one of the most important pasture grasses with high adaptability 
in a wide range of environments. It is grown in Japan very widely from cool regions (Hokkaido and 
Tohoku areas) to warm regions (Kanto to Kyushu areas). Several varieties with high yield and resistance 
to main diseases have been bred in Japan. However, compared with other temperate grasses, some 
reports indicated that the quality, palatability 2 ’ 7 ’ 16 ’ 17 ) , an d animal productivity 1 ’ 3 ’ 4 ’ 6 ) j n the case of 
orchardgrass were not appreciably high. Research and programs for the improvement of quality in 
orchardgrass should be urgently promoted in Japan. This study was conducted to analyze the variations 
among varieties of orchardgrass in palatability and quality traits with a view to developing a breeding 
program for both high palatability and high quality in Japan. 




^^^^^Bcontents 
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Varietal differences in palatability 

Varietal differences in palatability 

1) Analysis of relative palatability values 

Palatability of varieties of orchardgrass was evaluated with Holstein heifers by using a trough cafeteria method during a period of 4 years^l (Table 
If. The 14 varieties used in this study were Akimidori, Makiba- midori, Kitamidori, Lude, Lully, Lutetia, Lucifer, Prairial, Potomac, Cambria, 
Sylvan, Jesper, Juno and Frode (Table 2). Among these varieties, Akimidori was used as the standard variety for all the cafeteria trials. Table 3 
shows the results of 45 trials. Relative palatability value of each variety was expressed in percentage of intake per diet of the variety within the 
same variety group. The analysis of variance was based on this value. F values of sources for the variety indicated that the differences in the 
relative palatability values among varieties were highly significant (P<0.001 or P<0.01) for 42 out of 45 trials. 

According to the relative palatability value, Table 3 shows that a French variety Lude (L) exhibited a high palatability in most seasons of the years 
in the current study. Compared with the standard variety Akimidori (A), significant differences (P<0.05) in the value of Lude (L) were recognized 
throughout the seasons of the years, except for the reproductive stage in the 2nd cutting, the 4th cutting in 1993 and 3rd cutting in 1994. 

2) Palatability of the variety Lude 

In order to compare the relative palatability values of the varieties obtained from 3 different variety groups in the same cutting period, as shown in 
Table 3, the value of palatability (%) of each variety was defined as the difference between the relative palatability value of the variety and the 
value of the standard variety Akimidori. The values of palatability in Akimidori were always expressed as 0% in this definition. The values of 
palatability of Lude and Akimidori are shown in Fig. 1 with the maximum and minimum values of palatability obtained from all the variety 
groups in the same cutting period. As pointed out in Table 3, it was also confirmed in Fig. 1 that Lude showed a high palatability among all the 
tested varieties for most of the seasons of the years. 


Predictors for palatability 

Multiple regression analysis was carried out to identify variables which could predict the values of palatability of varieties in 15 cafeteria trials in 
spring, summer and autumn seasons!!!. Characters used in this analysis are listed in Table 4 . Agronomic characters!!!!, fiber and degradability 
characters!!!, mineral elements!!!, free sugars!!!, leaf morphological!!!! and physical characters!!! were measured or analyzed to predict the values 
of palatability. Among 41 available variables, which represent these characters, best combinations of 2 variables were detected in each growing 
season (Table 5). Contribution ratios due to regression (R 2 ) of the palatability on 2 best variables ranged approximately from 0.6 to 0.95 in all the 
15 trials. For all the seasons, the concentration of Ca, the concentration of P and flexibility of leaf and stem measured by the hand-touching 
method were considered to be the best positive predictors for the palatability of varieties. In contrast, ADF and 3 kinds of diseases 
(Rhynchosporium scald, rust and total leaf diseases) were considered to be the best negative predictors for the palatability of varieties!!!. 


Characters of the palatable variety Lude and positive effect of palatability on intake 

1) Characters of the variety Lude 

Lude, a French variety, exhibited superior characteristics in quality compared with other varieties in our study, namely, high palatability, 
resistance to rust and total leaf diseases!!!!, high flexibility of leaf and stem!!!!, the highest concentration of Ca and ratio of Ca/P, and the lowest 
ratio of K/(Ca+Mg) among all the tested varieties (Fig. 1). Although Lude is susceptible to summer blight and its value of DM degradability by 
cellulase solution is average among the varieties, it could become a promising breeding material for the improvement of both palatability and 
quality in orchardgrass, especially for the warm region of Japan because of its high adaptability to the climatic conditions. 

2) Positive effect of palatability on intake 

Intake of fresh materials in 2 varieties, Lude and Akimidori was compared by using Holstein heifers 14 ! Each measurement of the intake was 
carried out during a period of 3 days together with palatability tests. Mean value of dry matter intake (DMI, g/kgBW 0 - 75 ) of Lude was 0.8 g, 2.3 g 
and 2.5 g higher than that of Akimidori in the first trial in July 1993, second trial in November 1993, and third trial in June 1994, respectively. Dry 
matter digestibility (DMD) of each variety was predicted from the degradability by 1% cellulase solution. Regression equation of DMI on DMD 
was calculated in each variety. According to the t-distribution statistics, the regression coefficient of original equations in each variety could be 
pooled statistically. The pooled equations were as follows: DMI of Akimidori = -44.72 + 1.79 DMD; DMI of Lude = -41.23 + 1.79 DMD (Fig. 2). 
The intercept of regression line on these equations was, however, significantly different. Based on the difference in the values of intercept, the 
estimated increase of DMI value in Lude over Akimidori was 3.49 g at the same DMD level. Palatability of Lude measured by using the same 
heifers was also significantly higher than that of Akimidori in each trial!!!. High palatability in Lude might have a positive effect on the DMI level 
and could increase it more than expected from the DMD level. 
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Varietal differences in palatability 


100 


Fig.2. 


Relationship between dry matter in take (DMI) 
and predicted dry matter digestibility (DMD) a > 
in 2 varieties of orchardgrass 



a): In vivo DMD (Y,%)was predicted from the following equation. 
Y = 25.1+0.917 x (DM degradabibty by 1 % cellulase solution for 48 h, 


According to the t-distribution, the regression coefficient of the original 
equations on Akimidori and Lude can be pooled statistically to the value 
1.79, but the intercept of the regression line on (1) and (2) is significantly 
different at 5% level. 


A 


80 


70 72 74 76 78 

Predicted DMD (%) 

A :Akimidori. % : Lude. 

(1) :DMI of Akimidon= - 44.72+1.79 DMD. 

(2) :DMI of Lude=-41.23+1.79 DMD. 


Proposed model for developing new varieties with high palatability in Japan 

1) Methods for selection of palatability and digestibility 

(1) Palatability 

In order to develop useful selection criteria for palatability, the flexibility of leaf and stem and the concentration of Ca were considered!!! As for 
the flexibility, 6 persons gave independently similar scores for the flexibility of tested strains by using a simple method of hand-touching and it 
was considered that the method for measuring the flexibility might be easy and reliable. Therefore, it could be one of the most useful criteria for 
estimating the palatability of breeding materials in orchardgrass. As for the Ca concentration, the increase of the Ca concentration in orchardgrass 
was considered to be effective for the improvement of both palatability and mineral-balances with Mg, K and P. 

(2) Digestibility 

In addition to the palatability, digestibility is the most important character for the quality of grass varieties. Near infrared reflectance spectroscopy 
(NIRS) could successfully predict cellulase degradability of unknown samples of orchardgrass, and NIRS was considered to be one of the most 
effective methods to improve the digestibility in grass breeding * 1 2 * * * * * 8 *^) . 

2) Proposed model for breeding 

A model for developing new varieties with a high palatability was proposed!^ (Table 6), in which 3 stages were designed for 2 regions in Japan. 
For the breeding of varieties suitable for the cool region, promising plants in the original population could be selected based on winter hardiness 
and resistance to diseases, and their seeds would be harvested as maternal lines in Stage 1. Then, superior maternal lines could be selected based 
on the flexibility of leaf and stem and the Ca concentration in Stage 2. Finally, new varieties could be selected through the evaluation of 
palatability measured by using cattle from the final candidate lines in Stage 3. 

For the breeding of varieties suitable for the warm region, variety Lude would be one of the most important breeding materials. Promising plants 
in the original population could be selected based on summer productivity and resistance to summer blight to breed maternal lines in Stage 1. 
Then, superior maternal lines could be selected based on the digestibility by using a cellulase solution or by NIRS in Stage 2. Finally, new 
varieties could be selected through the evaluation of palatability measured by using cattle in Stage 3. 

This model was the first to be proposed for the improvement of both palatability and quality, which includes digestibility and mineral-balances in 
forage breeding in Japan. 
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Table I. Animals used in the cafeteria [rial 


Year 

Cutting 

Breed 

Number of 
animals 

Average live weight (kg) 

mi 

1 si - 6Lh 

Holstein (heifer) 

4 (2 pairs) 

3 15 (Apr.) - 429 (Nov.) 

1992 

1st - 5th 

Holstein (heifer) 

4 (2 pairs) 

271 (Apr.) - 361 (Nov.) 

1993 

3rd - 5th 

Holstein (heifer) 

4 (2 pairs) 

269 (Jun,)~ 303 (OcU 

1994 

3rd 

Holstein (heifer) 

4 (2 pairs) 

347 (Jim.) 
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Table 2. Ore hard grass varieties used in the study 


Variety 

Symbol 

Breeding country 

Aklmidori 

A 

Japan 

Makibamidori 

M 

Japan 

Kitamidori 

K 

Japan 

Lude 

L 

France 

Lully 

Y 

France 

Lutctia 

T 

France 

Lucifer 

U 

France 

Pr* trial 

R 

France 

Sylvan 

$ 

UK 

Cambria 

C 

UK 

Jcsper 

i 

Denmark 

Potomac 

P 

USA 

Juno 

N 

Canada 

Frode 

F 

Sweden 


HACK 
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Table 3. Results of 45 trials during 4 years: F values in the analysis of variance and Tukey’s studendzed range tests 
for the relative palatability values of varieties in each cafeteria trial 


Year. 

Cutting 

Group" 

Date of 
cutting and 
feeding 

F values of sources 


Abbreviation of variety name*' 1 
(relative palatability value %. letter”) 

Variety(VA) 

Heifer 

pairfHA) 

VA*HA 

m ist 

- 1 - 

Apr.23 

I2.M*** ' 

1.51 

6.06 

P (63.4 *), 

N (81.2 0. 

Y (60.7 *). 

A (19.6 0 

1991 1st 

2 

Apr.24 

36.61 ••• 

0.00 

1.75 

T (38.2 0. 

S (78.9*). 

K (88.3 *). 

A (30.7 0 

1991 1st 

3 

Apr.26 

51.49*— 

0.03 

3.00* 

J (89.2 0. 

L (57.6 *). 

C (30.10. 

A (30.7 0 

1991 2nd 

1 

Mav 21 

31.14*** 

5.33* 

0.21 

P (40.0*), 

N (21.5 0. 

Y (79.90. 

A (63.2 0 

1991 2nd 

2 

May 22 

56.91*— 

0.01 

1.58 

T (82.0*). 

S (73.2 *). 

K (17.70. 

A (51.3 0 

1991 2nd 

3 

Mav 23 

5.60** 

0.64 

2.30 

J (44.5*), 

L <75.8 0. 

C (70.5 0. 

A (62.7*0 

1991 3rd 

1 

Jun. 18 

15.37— 

0.09 

0.94 

P (81.4 *), 

N (70.4 *k 

Y (75.6*). 

A (44.1 0 

1991 3rd 

2 

Jun. 19 

826— 

2.06 

0.11 

T (57.3 *), 

S (78.5 0. 

K (74.6 0. 

A (52.1 0 

1991 3rd 

3 

Jun 21 

I3.80*** 

0.52 

1.40 

J (79.5 0. 

L (79.2 *). 

C (52.5 0. 

A <44.5 0 

1991 4th 

1 

Jul. 17 

12.08— 

6.60* 

l.ll 

P (81.1 0. 

N (68.5 *). 

Y (69.60. 

A (50.0 0 

1991 4th 

2 

Jul.I8 

1.31 

0.19 

2.14 

T (62.4). 

S (67.9). 

K (65.0 >. 

A (57.7) 

1991 4th 

3 

Jul. 19 

18.31 ••• 

2.63 

1.60 

J (65.7*). 

L (83.9 *), 

C <40.3 0. 

A (51.2*0 

1991 5th 

1 

Sep.ll 

17.74— 

1.04 

0.45 

P (43.5 *0. 

N (55.8*), 

U (79.3 0. 

A (33.2 0 

1991 5th 

2 

Sep 12 

28.80— 

4.25* 

1.14 

T (87.6 *), 

M (52.4 0, 

K (69 2 0. 

A (34.3 0 

1991 5th 

3 

Sep. 13 

8.02— 

0.85 

0.71 

J (64.7*), 

L (62 J 0. 

F (37.80. 

A (43.4 0 

1991 6th 

1 

Nov. 12 

13.65— 

3.04 

1.14 

L (85.6 *), 

R (70.9*), 

C (75.8 0. 

A (41.10 

1991 6th 

2 

Nov. 13 

6.74— 

0.03 

6.44— 

T (83.9*), 

S (66.1 *0. 

M (69 J *0. 

A (51.00 

1991 6th 

3 

Nov. 14 

1.40 

1.96 

1.62 

P (61.5), 

U(74.l). 

Y (69.9 ). 

A (57.0) 

1992 Ist 

1 

Apr. 2 8 

22.65— 

0.07 

0.26 

J (67.7 0. 

Y (36 9*). 

M (77.0 0. 

A (37.7 0 

1992 Ist 

2 

Apr.30 

25J7— 

0.71 

0.23 

L (76.9 0. 

R (49.1 *), 

S <69.1 0. 

A (29.20 

1992 1st 

3 

May 1 

26.31 — 

0.21 

0.48 

P (86.4 0. 

T (44.1 *), 

C <35.8 0. 

A (32.9 0 

1992 2nd 

1 

Jun.2 

32.41*— 

1.89 

0.66 

J (49.3*). 

Y (38.8*), 

M (46.8 0. 

A (84.3 0 

1992 2nd 

2 

Jun.3 

192.95— 

7.89— 

2.98* 

L (33.7 *). 

R (19.8 0. 

S (40.8 0. 

A (91.00 

1992 2nd 

3 

Jun.4 

94.26*•• 

0.00 

1.87 

P (34.9 *), 

T (75.7 0, 

C (31.60. 

A (80.7 0 

1992 3rd 

1 

Jul ~ 

17.58*** 

0.03 

1.73 

J (55J *). 

Y (56.3 *), 

M (86.3 *). 

A (58.3 *) 

1992 3rd 

2 

Jul x 

10.81*** 

0.15 

1.53 

L (70.4 *). 

R (62.9 0. 

S (76.8 0. 

A (46.4 0 

1992 3rd 

3 

Jul.9 

34.95*** 

3.11 

0.99 

P (76.5 0. 

T (39.7*), 

C (78.7 0. 

A (33.5 0 

1992 4th 

1 

Sep. 16 

42.04— 

0.14 

5.35** 

J (33.3 0. 

Y (71.8 0, 

M (55.9 0, 

A (34.4 0 

1992 4th 

2 

Sep.17 

22.07— 

0.14 

0.19 

L (57.4 *), 

R <33.9 0. 

S (48.0 0. 

A (31.5 0 

1992 4th 

3 

Sep. 18 

16.68”* 

2.29 

3.71* 

P (41.3*). 

T (51.0*0. 

C (58.1 0. 

A (25.0 0 

1992 5th 

1 

Nov. 17 

18.76— 

2.51 

2.79* 

J (37.4*). 

Y (74.5 0, 

M (52.60. 

A (74.9 0 

1992 5th 

2 

Nov. 18 

11 92— 

1.05 

1.19 

L (80.1 0. 

R (45.4 ‘X 

S (74.7*0. 

A (58.8 *0 

1992 5th 

3 

Nov. 19 

16.55*** 

0.07 

3.21* 

P (57.9 **). 

T (41.70. 

C (85.5 0. 

A (64.10 

1993 3rd 

1 

Jun.29 

7.20— 

. 

. 

J (40.1 S. 

Y (52.0*0. 

M (71.7 0. 

A (33.7 0 

1993 3rd 

2 

Jun.30 

8.68— 

. 

. 

L (76.6 *). 

R (76.0 0. 

S (52.3 0. 

A (55.8 0 

1993 3rd 

3 

Jul.l 

14.15*** 

. 

. 

P (67.0 *). 

T (56.5 0. 

C (35.4 0, 

A (81.1 0 

1993 4th 

1 

Aug.24 

11.60— 

11.15** 

6.34— 

J (48.3 *0. 

Y (60.2 *), 

M (31.80. 

A (46.4 0 

1993 4th 

2 

Aug.25 

21.82— 

0.55 

6.09** 

L <40.5 0. 

R (33.5 *0. 

S (24.4 0. 

A (59.10 

1993 4th 

3 

Aug 26 

21.95*** 

0.80 

0.33 

P (50.8 *). 

T (13.3 0. 

C (46.2 0, 

A (57.5 0 

1993 5th 

1 

Oct.26 

4.37— 

0.50 

0.38 

J (38.5*). 

U (59.8 0. 

Y (41.1*0. 

A (33.4 0 

1993 5th 

2 

Oct.27 

7.65— 

0.30 

0.84 

L (78.6 *). 

S (52.5 0. 

M <52.20, 

A <44.60 

1993 5th 

3 

Oct. 28 

14.79— 

0.03 

3.46* 

P (73.8 0. 

T (29.10. 

C (73.3 0. 

A (48.00 

1994 3rd 

1 

Jun.2' T 

1.82 

0.23 

2.11 

J (65.0). 

Y (71.1 ). 

M (63.5 ). 

A (56.8) 

1994 3rd 

2 

Jun.28 

5.61- 

0.54 

1.71 

L (77.1 *). 

R (48.5 0. 

S <60.5 *0. 

A (63.6*0 

1994 3rd 

3 

Jun.29 

10.27— 

0.87 

2.67 

P (77.2 0. 

T <52.5 0. 

C (57.8 0. 

A (46.10 


Relative palatability value was expressed in percentage of intake per diet of the variety within the same variety group. 

VV**: Significant at 5%. 1% and 0.1% levels, respectively. The values of variety Lude are indicated in bold characters 
|); Different varieties were evaluated in each group. 2): See Table 2. 

3): Different letters within the same variety group are significantly different at 5% level 
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Table 4, Character* used for single and/or multiple regressions with palatability 


Number 

Character 

Scoring method 
or measuring unit 

Abbreviation 
in Table 5 

1. 

Degree of heading 

(1 to 9 = full) 

HED 

2. 

Degree of booting 

(1 = vegetative growth 

HOT 



to 5 = first heading) 


3. 

Flexibility of leaf and stem 

(1 to 9 = flexible) 

FLX 

4 r 

Gran leaf / whole plant 

(% DM) 


5, 

Stem t whole prant 

{% DM) 


6. 

Dead leaf/ whole leaf 

(% DM) 

RDL 

7. 

Leaf character] width 

(mm) 


fc. 

Leaf character; serration 

(l to 9 = most) 


9. 

Leaf character trichomc 

(l to 9 ™ most) 


10. 

Disease: Rhynchosporium scald 

(1 to 9 ■ severe occurrence) 

DRS 

II 

Disease; rust 

{1 to 9 * severe occurrence) 

DRT 

12, 

Disease; summer blight 

(1 to 9 - severe occurrence) 


13, 

Disease: mosaic 

(1 to 9 » severe occurrence) 


14. 

Disease; total leaf diseases 

(l to 9 = severe occurrence) 

DTL 

15. 

Fiber character neutral detergent fiber 

(% DM) 

NDF 

16, 

Fiber character; acid detergent fiber 

(% DM) 

ADF 

17. 

Fiber character, hemicellulosc (NDF-ADF) 

(% DM) 

HEM 

IS 

DM Degradability - a + b( l-e^: 




a: instantly soluble fraction 




by buffer solution. 

{% DM) 


19, 

b: insoluble but potentially degradable 




fraction by 1%cdlulase solution. 

(% DM) 


20. 

c; rate constant of the 




degradation of fraction b. 

<n') 


2\r 

a + b: potential degradability. 

(% DM) 

Dab 

22. 

Leaf tension: maximum load 


TLD 

23. 

Leaf tension; maximum stretch 

(mm) 

1ST 

24. 

Leaf compression load 

(kgf) 

CLD 

25, 

Electric power consumption by 




grinding mill for leaf samples 

no- ] wh> 

GLF 

26, 

Dynamic viscoelastic measurement: 




dynamic modulus 

(lO^dytvcm-) 

VDM 

27, 

Dynamic viscoelastic measurement: 




loss tangent 

0 <r 3 ) 


2S. 

Mineral element: N 

(% DM) 


29, 

Mineral element: P 

(% DM) 

F 

30. 

Mineral element; K 

(% DM) 

K 

31. 

Mineral element; Mg 

(% DM) 

Mg 

32. 

Mineral dement; Ca 

1% DM) 

Cn 

33. 

Mineral dement; Zn 

Ippm DM) 
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34. 

35. 

36. 

Mineral dement; Mn 

Mineral dement; Cu 

Mineral element; Co 

(ppm DM) 

(ppm DM) 

(ppm DM) 

Mn 

Co 

37 . 

Free sugar; sucrose 

1% DM) 

sue 

38. 

Free sugar: glucose 

(% DM) 

GLU 

39. 

Free sugar: fructose 

(% DM) 

FRU 

40 

Free sugar: xoiaE 

(% DM) 


41, 

Specific volatile compound 1 ' 




a)i" Rc^rtcd by "Dohi'ct ai n 


I 1ACN 
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Table 5. Character! and their contribution ratios due to 
rtgmsion (R* or r) Blent closely correlated with 
ps Jala billty of LO varieties u«ri 


Season 

Year, Cutting 

Character '■ 

R'orr 

Spring 

]991 hi 

- EOT * FKCT 

0.711* 



*? -Mn 

0,710* 


1W2 hi 

-K +TST 

0.749" 

Hesuiing in spring 

~rnnar~ 

hmH 




-ADF 

0.911"* 



+ K 

0,832*** 



+ FLX 

0.817*** 


1992 2nd 

-HED 

0.821““* 



- ADF 

0.786*** 



- P - ADF 

0.893"* 



-HED -ADF 

0.880*" 

Early summer 

— m\ JFa 

“Mfl 

6.5S5 1 


1991 4ih 

+ FLX 

0.805"* 



* F LX - DRS 

0.892"* 


1992 3id 

- DRS 

0 . 612 ** 



- DRS - VDM 

0.843" 



- DRS - P 

0.711** 


1993 3rd 

-CLD 

0,637** 



- CLD - HED 

0.82!** 



+ P -Mb 

OJtt" 


1994.ltd 

-GLU + RDL 

0.7*0** 



-FRU +CLD 

0.637* 

Late summer 

!99 I 5 ih 

~+fi *■ stir" 

oiay** - 



“ADF -Mg 

0.129** 


1992 4th 

-c* 

0.700" 



+ Ca -GLF 

0.96J"* 



— TST 

0.8*8— 


1993 4th 

-XDF 

0,731*“ 



+ K 

0.616" 



rK -SUC 

0,913"" 



+ K + Co 

0.877**- 

Autumn 

—mn*s 

-GLF 

0.642** 



- DTL 

0.610" 



- FLX - TLD 

0.849" 



-DTL -P 

0,774** 


1992 5ib 

-P - RDL 

0.683* 



- P - DRT 

0.647* 


1993 5ih 

- Dab - HEM 

0.730" 


*, ", *": Significant at 5%. \% and 01% levels, respectively. 
+ i Positive coefficient of correlation. 

-: Negative coefficient of correlation, 
a): Abbreviations are the same as in Table 4. 
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Table 6. Proposed model for breeding scheme lo improve payability of orchardgrass for 2 regions in Japan 


Adaptation 
area in 

Japan 

Main breeding 
materials 

Characters 
to be selected 

Stage for selection 1 

5,000 plants — 

100 to 200 plants 

Stage for selection 2 
100 to 200 lines — 

5 to :o lines 

Stage for selection 3 

5 to 10 lines — 

1 to 2 varieties 

Cool region 

Winter-hardy 

l. Payability" 

— 

— 

© 

(Hokkaido 

type varieties 

2. Flexibility** 5 

— 

© 

— 

and Tohoku) 

3. Ca concentration 

— 

© 

— 



4. Digestibility" 

— 

— 

o 



5. Winter hardiness 

@ 

o 

— 



6. Disease resistance 

© 

o 

— 



7. Other agronomic 

— 

© 

o 



traits® 




Warm region 

Lude and 

1. Payability* 

— 

— 

© 

(Kanto to 

Japanese 

2. Digestibility" 

— 

© 

o 

Kyushu) 

varieties 

3. Resistance to 

© 

o 

— 



summer blight 






4. Resistance to 

o 

— 

— 



other diseases 






5. Summer regrowth 

© 

o 

- 



6. Other agronomic 

— 

© 

o 



traits" 





© : Main characters to be selected at the given stage. O : Characters to be selected at the given stage. 

a): Evaluated by cattle, b): Measured by hand-touching, c): Measured by NIRS or ceilulase solution, 
d): Including yield and persistency, e): Including yield, persistency and competitive ability with weeds. 




http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/mizuno/t6.htm [10/7/2002 9:14:29 PM] 















34-1(8) 

Growth of Eusideroxylon zwageri Seedlings and Silvicultural Changes in 
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Abstract 

Ulin Ulin ( Eusideroxylon zwageri ) is an ironwood species whose growing stock has decreased due to over-exploitation. Ulin trees occur in lowland 
forests as scattered individuals in Kalimantan and naturally regenerated seedlings are usually restricted in the area near seed parents. They are recruited 
almost every year although the recruitment rates fluctuate. Seedlings of Ulin in a closed rain forest seldom die. However, as they grow slowly, natural 
regeneration appears to be poor in terms of timber production. Canopy opening and weeding (release cutting) accelerate the seedling growth by 
improving the light conditions. Release cutting applied to seedlings about 5 years old and 92 + 36 cm tall in this study enabled to increase seedling 
growth rates and possibly decrease the time required for the Ulin stem to reach 10 cm in dbh (diameter at breast height) from 78 to 26 years. However, 
sudden felling caused an increase in the death rate of the seedlings. Since seedlings less than 3 years old are sometimes more sensitive to sunlight and dry 
weather conditions than older seedlings, release cutting should be carried out in the case of 3-year-old seedlings or older. Ulin is fire-resistant after 
becoming large. However, it is still sensitive during small seedling stages. Appropriate release cutting should thus shorten the time required for Ulin to 
become fire-resistant. 

Discipline: Forestry and forest products 

Additional key words: ironwood, endangered species, regeneration, fire, Borneo 

1_15): References 

(Received for publication, April 6, 1999) 


Introduction 

Ulin (Borneo ironwood, Eusideroxylon zwageri ) is a species of Lauraceae that grows up to 40 m tall. Natural trees are found in South Sumatra, 
Kalimantan, and on the nearby small islands. In Kalimantan, Ulin is common along rivers and adjacent hills, sometimes forming pure stands in primary 
and secondary forests, up to 500 m altitude, on sandy well-drained soils6). In South Sumatra, it forms pure stands on clay-rich soils 14) unlike in East 
Kalimantan 15). 
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Since the wood is strong and extremely durable, it is in great demand for heavy construction, roofing, agricultural uses, and others. In Kalimantan, Ulin is 
originally a common species occurring in lowland areas. The original areas of Ulin forests in Borneo have been estimated to cover 1,440 km2 but 
presently only about 40% of these areas remainsS). Along roadways near Bukit Soeharto in East Kalimantan, farmers settled and started pepper farming 
using Ulin support stakes mostly in the 1970s7). By the late 1990s, Ulin trees with a large diameter were seldom observed in the region. In parts of 
Kalimantan, this species is already considered to be endangered9). The decrease in growing stock is due to exploitation beyond the growth. 


In natural forests, Ulin grows slowly when its stem diameter at breast height (dbh) is below 10 cm (Fig. 1). The growth markedly accelerates when the 
dbh ranges between 10 and 30 cm. Growth is then reduced to a level intermediate between that of the former stages, and remains steady until the dbh 
reaches 1 m or more. By following the method of Brownl), the time required for the Ulin stem to reach 30 cm in dbh is estimated at 120 years, and for 
120 cm, at 403 years (Fig. 2). It is very easy to accelerate the growth at the initial stages silviculturally. Actually, one individual with a dbh of 6.85 cm 
(closed circle in Fig. 1) under a canopy gap grew faster than the others in the same diameter class. Appropriate treatment such as release cutting could 
accelerate the growth of the seedlings and such a silvicultural practice may prevent a decrease in the growing stock of Ulin. 



Age (years) 


Fig.2 

Estimated stem growth rate of Eusideroxylon zwageri in 
logged-over and burned lowland forests 
(modified from Hastaniah and Kiyono, 1995^1) 


In the present study, we analyzed the effects of the variations in growing environments such as light on the growth of Ulin seedlings in Bukit Soeharto 
Education Forest (BSEF) in East Kalimantan. Such information could contribute to the improvement of silvicultural practices such as release cutting and 
enrichment planting to preserve Ulin resources in Indonesian forests. 

I I 
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Fig.l. Stem growth at various stages of development of 
Eusideroxlon zwageri in logged-over and burned lowland forests 
(modified from Hastanish and Kiyono, 1995 4 )) 

ETrees at Bukit Soeharto. 

IA tree at Bukit Soeharto, located in an open area in the forest. 
3 Trees at Lempake. 
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Seedling growth in contrasting light environments 


Seedling growth in contrasting light environments 

1) Setting of study sites 

The forests of BSEF underwent commercial logging followed by logging and slash-and-bum by local 
people in the 1970s, then experienced drought and fires in 1982-1983. In 1992, trees more than 50 m tall 
survived the fires in some areas and among them mostly secondary trees of Macaranga gigantea and 
Macaranga triloba were established after the fires2). Fertile trees of Ulin partly remained in abundance. 
Seedlings are usually restricted to areas near seed trees because the fruit is heavy. 

The effects of light environments on the seedling growth were examined in 2 experimental plots arranged 
in seedling banks on a slope with top soils consisting of sandy clay loam-sandy loam in July 1992 (Plots 
1 and 2 in Table 1) . Dominant overstory trees included Ulin, Endospermum diadenum, Dipterocarpus 
tempehes, and other trees. Both plots contained 2 fertile Ulin each. The 4 Ulin trees, 30-60 cm in dbh, 
flowered almost every year during the period 1991-1996. Under them were 467 naturally regenerated 
seedlings in Plot 1 and 190 seedlings in Plot 2 in July 1992. The Ulin seedlings were estimated to be 
mainly derived from the seeds from mast-fruiting around 1988 (Sopiyani, personal communication, 

1996). For one plot (Plot 1), a canopy gap covering a 32 x 32 m land area was made and weeding was 
started in May 1993. Another plot (Plot 2) was used as the control. Based on the differences in the light 
environments, Plot 1 is referred to as gap site and Plot 2 as closed site. 

All the seedlings including recruits in Plots 1 and 2 were labeled and their height, diameter at 0.3 m 
height, and other characteristics were measured in 1992, 1993, 1994, and 1996. The percentage of 
canopy opening was determined by hemisphere photographs 4 times in 1993- 1996 in Plots 1 and 2. In 
each plot, top soils were sampled in 1995 and 5 seedlings were sampled in 1996 to determine the 
amounts of leaves, branches, stems, and roots. Since fresh fine roots of Ulin are dumpy, 1.2-2.2 mm in 
diameter, their surface area was easily measured. 

The monthly rainfall at the research station of Bukit Soeharto Education Forest in 1988-1997 averaged 
163 + 94 mm year 1 . After July 1992, low monthly rainfall of below 70 mm was observed in 
July-September and November 1993, in July-September 1994, in June and August-October 1997, and in 
January-April 1998 at the research station near the plots. 

In March 1998, forest fires occurred in BSEF. Although almost all the seedlings were green before the 
fires, they burned to death, except for some seedlings in Plot 1. In October 1998, all the living seedlings 
in Plot 1 and some dead seedlings in each plot were selected and their height, diameter, and other 
characteristics were measured. Since the seedlings that had burned to death were standing with branches 
and leaves in perfect shape, their height and diameter were considered to correspond to the values 
recorded in March 1998. For the living seedlings, height and diameter in March 1998 were estimated 
from the values recorded in March 1996 and October 1998. 

2) Growth of seedlings depending on changes of light conditions 

The death rate of the seedlings at the closed site was 2.8% year 1 (Table 2). This value is lower than that 
of red meranti-Shorea seedlings of almost the same age recorded in a similar rain forest in Sabah, Borneo 
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(9.8-16.0% yeaH)12) an( j shows that Ulin is a shade-tolerant specieshh. 

Sudden canopy opening resulted in an increase in the seedling death rate. The death rate at the gap site 
was about twice as high as the death rate at the closed site (Table 2). For the first 5 months after canopy 
opening, the highest death rate (12.2% year 1 ) was recorded (Table 3). One month after canopy opening, 
a low rainfall period occurred during 5 months. It is likely that the very high death rate was due to the 
drought and sun exposure. 

The death rate after sudden canopy opening depended on the differences in seedling age. During the low 
rainfall period of 1994, some cohorts of below-3-year-old seedlings exhibited higher death rates than the 
older seedlings (Table 3). Jong^l, Endert^l, and TuytTQ also reported that 3- to 8-year-old seedlings grew 
well when the canopy was open. 

Although Ulin is considered to be a shade-tolerant species, the seedlings require appropriate canopy 
opening to growth faster. The seedlings at the gap site displayed higher relative growth rates for height 
and diameter than the seedlings at the closed site (Table 2). The diameter growth of the tallest 10 
seedlings at the gap site averaged 0.389 cm year 1 , while that at the closed site was 0.123 cm year 1 . 
Assuming that these diameter growth rates remained unchanged, canopy opening and weeding at the gap 
site decreased the time required for the Ulin stem to reach 10 cm in dbh from 78 to 26 years. 

The seedlings grown under strong light conditions developed thick leaves and large root systems. 

Canopy opening apparently resulted in low humid conditions on the forest floor. At 42 months after gap 
formation, the total dry mass of the seedlings at the gap site was 5.9 times higher than that at the closed 
site (Table 4). The thick roots at the gap site were 2.5 times longer horizontally and 1.7 times deeper than 
at the closed site. The total leaf area (LA)/fine-root mass ratios of individual seedlings were smaller (0.85 
times) at the gap site than at the closed site. On the other hand, the leaf mass/fine-root mass ratios were 
1.23 times larger at the gap site than at the closed site. Such morphological characteristics seem to be 
common for various tree seedlings grown under different light conditions^. 


Influence of fire on seedling survival and regeneration 

Relatively large Ulin trees display a fire resistance capacity^), and also are less vulnerable to cutting 
owing to effective sprouting. Of 26 Ulin trees with a dbh of 44-92 cm, 24 (92%) sprouted new shoots 
from stumps in fallow land of slash-and-bum agriculture^). The ground fires in March 1998 burned the 
research sites. All of the 4 Ulin mother trees (30-60 cm in dbh) at the closed and gap sites survived the 
fires, whereas, only 30 (7.6%) seedlings at the gap site survived the fires. The vulnerability to the fires 
was higher in the case of smaller seedlings than in larger ones at the gap site. After the fire events at the 
gap site, the survivors were 302 + 90 cm tall with a diameter of 2.37 + 0.83 cm at 0.3 m height, while the 
dead seedlings at the gap site were 208 + 73 cm tall with a diameter of 1.52 + 0.77 cm. Considering that 
all the seedlings (110 + 55 cm tall with a diameter of 0.90 + 0.40 cm) died at the closed site, release 
cutting prevented some Ulin seedlings from burning to death. 
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Futile L General description of the research plots 


Canopy openness” (%) 


area 

Gverstory 

May 

Dec. 

Aug. 

Nov. 

Weeding 

(m 1 ) 


1993 

1993 

1994 

1996 

(times) 

484 

Canopy gap 

9.6 

193 

14.2 

11.0 

5" 

484 

Closed 

2,6 

6,0 

0.8 

0,8 

0 


a): By hemisphere photographs. b}\ In 1993-1996 
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Table 2. Growth of Eusideroxylon zyvageri seedlings in 1993 - 1996 




Mean 

Height 

Diameter 

Death 

Plot 

Age*' 

height 1 ' 

growth rate 

growth rate 

rate 


i \ cars; 

(cm) 

(cm cm*' year* 1 ) 

(cm cm' 1 year*) 

(% year*') 

1 (gap site) 

About 5 

92 ±36 

1.210 

1.228 

5.7 

2 (closed site) 

About 5 

85 ±30 

1.080 

1.084 

2.8 


a): In 1993 
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Table 3. Changes in survival rates in eacfa cohort or Eusideroxylon z*ngrri seedlings at (a) gap site (Plot 1), (b) closed site (Plot 2) 


Period of recruitment 


Before 

July 1992- 

May 1993- 

Dec. 1993 - 

Aug. 1994- 

Jan. 1995 - 



July 1992 

May 1993 

Dec. 1993 

Aug. 1994 

Jan. 1995 

Mar. 1996 

Months 



10 

7 

8 

5 

14 

Number of recruitV484nr 


476 

6 

3 

14 

2 

4 

July 1992-May 

1993 

2.8(465) 






Death rate May-Dec 

1993 

I2_2<431) 

27(5) 





(%year') Dec. 1993-Aug. 

1994 

3.8(420) 

54(3) 

0(3) 




(Number of survivors Aug. 1994-Jan. 

1995 

7.3(407) 

62(2) 

0(3) 

55(10) 



at the end of each period) Jan. 1995-Mar 

1996 

2.7(394) 

0(2) 

0(3) 

0(10) 

0(2) 


Mar. 1996-Oct. 

1998- 

63.1(30) 

100(0) 

100(0) 

100(0) 

100(0) 

100(0) 

(b) 

Period of recruitment 


Before 

July 1992- 

May 1993- 

Dec. 1993- 

Aug. 1994- 

Jan. 1995- 



July 1992 

May 1993 

Dec 1993 

Aug. 1994 

Jan. 1995 

Mar. 1996 

Months 



10 

7 

8 

5 

14 

Number of recnnis/484 m ; 


190 

5 

7 

5 

0 

2 

July 1992-May 

1993 

2.3086) 






Death rate May-Dec. 

1993 

2.7(183) 

0(5) 





(% year ') Dec. 1993-Aug. 

1994 

4.1(178) 

28(4) 

40(5) 




(Number of survivors Aug. 1994-Jan. 

1995 

1.3(177) 

50(3) 

42(4) 

89(2) 



at the end of each period) Jan. 1995-Mar. 

1996 

2.9(171) 

0(3) 

22(3) 

0(2) 



Mar. 1996-Oct 

1998* 

100 (0) 

100(0) 

100(0) 

100(0) 


100(0) 


a): The Hies occurred in March 1998. Before the drought in 1997 - 1998. low monthly rainfall of below 70 nun was observed in July- 

September and November 1993 and in July-September 1994 at the research station near the plots. 
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Table 4. Organs of Eusideraxylon vvageri seedlings in November 1996 



Mean 

Total 

Leaves 



Fine roots 

LA/ fine- 

root mass 

Thick root ranges 

Plot 

height 

mass 

SLA" 

LA*' 

Mass 

Surface area 

Horizontal 

spread 

Under¬ 

ground 


(cm) 

(8) 

(cm 3 g-') 

<m 3 ) 

(8) 

(m 1 ) 

(m 3 g') 

(cm) 

(cm) 

1 (gap site) 

174 

769 

86.3 

1.34 

23.5 

18.9 

0.0570 

116 

77 

2 (closed site) 

no 

130 

126 

0.265 

3.95 

2.70 

0.0671 

35 

36 


All data are mean values of 5 seedlings, a): Leaf area mass, b): Total leaf area. 
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Abstract 

Acetylene reduction activity, an index of nitrogen fixation, by epiphytic and epibenthic algae and coral 
debris was measured in seagrass beds around Green Island, Australia. Epiphytic blue-green algae showed 
a high activity, ranging from 56.1 + 31.9 to 729 + 105 mmol (g chi a)-l d-l on a chlorophyll basis, or 3.9 
!4rnol N 2 m-2 d-l to 16 mmol N 2 m-2 d-l on an areal basis. The activities on an areal basis were 
comparable to those reported in a Fijian seagrass bed, whereas activities on a chlorophyll basis were 
higher on Green Island than on Fiji. A relatively high activity was observed on the leeward side of the 
island, partly due to the high seagrass biomass and partly due to the high epiphyte biomass. This trend of 
high activity on the leeward side of the island suggested that the biomass and/or activity of nitrogen 
fixing blue-green algae could be affected by u nk nown mechanism(s) related to the island environment. 
Algae on (or in) coral debris, which were abundant around live corals, were able to reduce acetylene. 

Discipline: Fisheries / Environment 

Additional key words: acetylene reduction, stable isotope ratio 
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Introduction 

Seagrass beds in coastal waters in the tropics are among the most productive ecosystems l), although they 
are often washed with nutrient poor waters20). From seagrass beds, there are inevitable losses of nutrients 
by export of detached leaves, exudates, leaching, grazingi4), etc. To compensate for those losses, 
nutrients should be supplied, and the supply sometimes limits the production of dominant producers in 
seagrass beds, e.i. seagrasses themselves for nitrogen6) or for phosphorus7,i7). 

In a Fijian seagrass bed, atomic ratio of nitrogen to phosphorus of nutrients in a water column ranged 
from 2.5 to 4.7, values which are lower than those of seagrasses (7.9 49) and epiphytes (87 102)20), 

suggesting that nitrogen might be the limiting nutrient for the primary producers in tropical seagrass 
beds. As tropical seagrasses take up nutrients mainly from sediments where nutrient concentrations are 
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relatively high, nitrogen supply to the sediments has been a main target of interest, and belowground 
nitrogen fixation has been investigated4,13,15). However, in tropical coral reefs and seagrass beds, 
nitrogen-fixing blue-green algae commonly occur on reef sediments or seagrass shoots3,8,11,21,22). In a 
Papuan seagrass bed, nitrogen fixation (acetylene reduction) activity was detected on the surface of 
almost every object at the bottom including seagrasses, shells, detrital leaves, etc.9). In a Fijian 
Syringodium- dominated bed, a nitrogen-fixing blue-green alga, Hydrocoleum cantharidosmum (Mont) 
Gom ( =Microcoleus lyngbyaceus (Kutzing) Crouan, sensu Drouet), formed tuft-shape colonies on leaves, 
showing that the magnitude of nitrogen fixation was in the same order as that of nitrogen requirement for 
seagrass production 10). Nitrogen fixed in the aboveground parts of seagrass beds are likely to be cycled 
through detrital microbial chains in water columns or sediments and utilized by primary producers. 

In a seagrass bed on a lagoonal reef around Green Island on the Great Barrier Reef, Australia, spatial 
variability of nitrogen fixation (acetylene reduction) by blue-green algae was investigated to examine the 
significance of nitrogen fixation on a coral cay. 
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Materials and methods 

1) Study site 


t Ig.l. tflUUJ MIC B%VV. 



1000m offshore from Cairns, Australia (Fig. 


Green Island (16°46'S., 145°58'E.) is 
a coral cay (ca. 4 km in long axis and 
ca. 2 km in short axis), ca. 27 km 


1). A lagoonal platform or planar reef 
has developed around the island 2 ), 
with a wider area on the windward 
sides (eastern and southern) of the 
island than on leeward sides. Several 
species of seagrasses ( Thalassia 
hemprichii, Cymodocea serrulata, 
Cymodocea rotundata, Halodule 
uninervis, Syringodium isoetifolium 
and Halophila ovalis) formed 
meadows in the lagoon (Lee Long, 
W., personal communication). Dense 
patches were observed on the leeward 
side of the island, while sparse 
seagrass patches were scattered all 
over in the sandy lagoon. Six stations 


(A, B, C, D, E, F) were set up in the lagoon along the water current over the reef (from SE to NW), 
namely Stn. A on the windward edge of the lagoon, ca. 1.7 km SSE of the island, and Stn. F on the 
leeward side, ca. 100 m NW of the island. Water depth at all the stations was shallow at low tide, less 
than 30 cm, except for that at Stn. F, which was ca. 3 m. 

2) Acetylene reduction assay 

Acetylene reduction activity was measured to estimate the nitrogen fixation activity 18 ). Samples 
consisted of intact leaves with epiphytes, epiphytes that were scraped from leaves with a razor blade, 
epibenthic algal mats that were carefully peeled from the sediment and cut into rectangles, and coral 
debris. Samples were put in plastic containers (80 or 230 mL in volume), together with GF/F 
glassfiber-filtered seawater so as to leave 40 or 110 mL of headspace. Acetylene was injected into the 
headspace through a rubber septum on the lid of the container. Final concentration of acetylene was 10 to 
15% (v/v). Containers were incubated in an outdoor tank for one day. Ethylene concentration in the 
headspace was analyzed with an ethylene analyzer (GC-2, Kiya Seisakusho Co.). In situ temperature and 
irradiance were monitored at 10 min intervals with temperature and irradiance recorders (MDS-T, 

MDS-L , Alec Electronic Co.). Temperature in the tank, which was 22~27°C, was ca. 1°C higher than 
that in the field. Irradiance in the tank was 60% of in situ irradiance at Stn. E. 

3) Isotope ratio analysis of blue-green algae 

The entangled visible materials other than blue-green algae were removed with a pair of pincettes under a 
binocular microscope. After being freeze-dried, the organisms were powdered and homogenized by using 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/iizumi/34-1 (9-2).htm (1 of 3) [10/7/2002 9:14:51 PM] 









an agate mortar and pestle. To determine the stable isotope ratios, organisms were combusted at 1,050°C 
in a CN analyzer (Fisons Instruments EA1108), and the combustion products (N 2 gas) were introduced 
into an isotope-ratio mass spectrometer (Finigan Mat 252) in a continuous flow of He carrier. Isotope 
ratios were expressed as the deviation from a standard represented by the following equation: 

'15N(°/oo) = {R(sample)/R(standard) - 1} x 1000, where R = 15 N/ 14 N, standard = N 2 in air. 

4) Biomass 

At each station, 3 quadrates (50 x 50 or 10 x 10 cm) were set up and seagrasses above the sediment were 
harvested. Samples were dried at ca. 60°C for dry weight measurement. Chlorophyll a content of 
epiphytes was analyzed fluorometrically after extraction with N,N-dimethylformamide 19 ). 


Results and discussion 

Seagrasses were widely observed on the reef (Fig. 2). At Stn. A, T. hemprichii formed sparse patches in 
sand pockets on reef flats. As the quadrates were placed on these patches, the biomass shown in the 
figure corresponded to that in the patches. Total aboveground bio-mass values were 3.5 + 0.8, 63.4 + 
72.9, 98.9 ± 35.3, 42.6 ± 5.6, 96.7 ± 24.6, and 55.2 + 16.0 g m-2 at Stns. A, B, C, D, E, and F, 
respectively. As shown by standard errors, the distribution of each seagrass was patchy, but seagrass 
beds, irrespective of their species composition, developed on the sandy lagoon around the island. This 
finding indicates that substrata to which surface epiphytes could become attached were commonly 
distributed on the reef, except on the windward edge of the reef. 

Intact seagrass leaves showed a high acetylene reduction activity (Table 1). As young leaves, which 
accumulated few epiphytes, did not show any activity (data not shown), epiphytes were assumed to be 
responsible for the activity 9 ). It was observed that a blue-green alga, H. catharidosmum, was the 
dominant alga, forming tufts on leaves of seagrasses, as observed in a Fijian seagrass bed 10 ). 

One-way analysis of variance (ANOVA) of the activity on a chlorophyll basis indicated that the activity 
of the epiphytes at Stn. C was significantly (p<0.01) higher compared with that of the epiphytes at other 
stations (Stns. B, E and F). It was observed that the concentrations of particulate organic carbon and 
nitrogen in seawater tended to increase when the seawater flowed around the island from Stns. A to F 12 ). 
Concentrations of dissolved inorganic nitrogen and phosphorus in pore water of the sediments were 
higher in the seagrass beds than in unvegetated areas 12 ), suggesting that the supply of nutrients for 
epiphytic algae could be more abundant at Stns. C to F than at Stns. A and B (Fig. 2). Nitrogenous and 
phosphorous nutrients recycled from organic matter which were supplied from seagrasses or transported 
from other areas and trapped in the seagrass beds may be an important source of nutrients for epiphytic 
algal communities. However, the low isotopic ratios of algal nitrogen suggested that nitrogen fixation is 
the main source of nitrogen for these algae (Table 2). 

The same epiphytic algae with a tuft shape (H. catharidosmum was the dominant alga) were found to fix 
nitrogen in a Fijian seagrass bed 10 ). Acetylene-reducing activity by the epiphytes was 25.2 + 0.75 mmol 
reduced (g chi a) -1 d" 1 . Epiphytes in seagrass beds on Green Island showed a higher reduction activity 
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than that in Fijian seagrass beds. The difference might be due to the grazing effect. A cage experiment on 
a coral reef on the Great Barrier Reef indicated that fish grazing reduces algal biomass and leads to the 
shift of the epiphytic community from red algae to rapidly colonizing and growing blue-green algae in a 
year 23 ). Though data on fish grazing or fish biomass at our study site were not available, fish were 
apparently abundant on Green Island whose environment is protected for a marine park. Instead, local 
people are fishing in the Fijian seagrass beds. Even if the dominant alga is the same, fish grazing is likely 
to improve microenvironments of light and/or nutrients on the leaf surface and stimulate the turnover of 
algae, hence the enhancement of the nitrogen fixation ability. 

Acetylene reduction activity on an areal basis was higher on the leeward side than on the windward side 
(Fig. 3), partly due to the larger seagrass biomass on the leeward side, or to the larger abundance of 
nitrogen-fixing algae on seagrass leaves. Thalassia hemprichii on the eastern (windward) edge of the reef 
accumulated fewer epiphytes. This distribution of the nitrogen fixation activity around the island 
suggests that the biomass of epiphytic and epibenthic blue-green algae is controlled by factor(s) other 
than nitrogen supply through nitrogen fixation. Supply of nutrients from the island or mechanisms other 
than nutrient supply could enhance the production of epiphytes on seagrass leaves, resulting in the 
increase of nitrogen fixation. After seagrasses started to thrive since the construction of a resort on the 
northwestern side of the island (Lee Long, W., personal communication), the biomass and nitrogen 
fixation activity of epiphytes may have increased. Further studies should be carried out to analyze the 
effect of the island environment on nitrogen fixation around the island. 

Nitrogen fixation activity was estimated to be 3.9 Vimol N2 nr 2 d _l at Stn. A and 16 mmol N2 rrr 2 d _l at 
Stn. F, assuming that the C2H2/N2 conversion factor is 4.4 16 ). The average activity at all the stations (5.2 
mmol N 2 nr 2 d' 1 or 145 mg N nr 2 d' 1 ) was comparable to the rate estimated in a Fijian seagrass bed (113 
mg N nr 2 d -1 ) 10 ). However, these activities were larger by 2 to 3 orders of magnitude than those reported 
in seagrass beds at Weipa and Groote Eylandt in northern Australia 14 ), for unknown reasons. 

Coral debris displayed an acetylene reduction activity (Table 1). It remains to be determined whether the 
activity was related to algae on the surface of the samples or algae penetrating into the skeleton of 
corals 5 ). Dead corals play an important role in supplying a support for nitrogen-fixing organisms and in 
enhancing nitrogen import to the ecosystem. 
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Table I. Acetylene reduction activity by epiphytic algae and coni debris In sengrais beds 
around Green Inland 


Slat ion 

Acetylene reduction 
rate frncan C sc) 

Unit 

Intact leaves 

A 

17,2 ± 9.54 

prnul 


B 

71.7 ± 4L5 


Epiphytes 

6 

56 1 ± 31.9 

mmol {g chi a) 1 d * 


C 

729 ± ms 



D 

ikF> 



£ 

M3 ± U 



F 

234 ± 42.4 


Epi benthic algal mat 

E 

325 ± K2.5 



Southern reef 

I1.6 k> 


Coral debris 

E 

0.28 ± 0.0R 

Mmol g'd 1 


a): Not determined b): Single determination. 
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Table 2, Stable isotope ratio of organic nitrogen 

tn algae on Green Island 

S M N (96*) t mean ± s.e. 

Fpiphyles on Thafossia hemprichii 

-0.73 ±0.03 

Filamentous algae on a dead macrophyte 

-Ml ±0*02 

Epibenthic algae 

-0.79 ±0.1 


a fJ N(%a) - lR(sainpleyR( standard) - I j* 1000, where R - ‘W% standard = N 7 in air 
All the samples were collected at Situs, F and F. 
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Fig.3. Acetylene reduction activity by epiphytic algae in 
seagrass beds around Green Island 

Acetylene reduction by epibenthic algae is not included. 
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Abstract 

Statolith preparation and observation methods adopted in Japan were reviewed for 4 ommastrephid 
squids, Ommastrephes bartramii, Dosidicus gigas, Sthenoteuthis oualaniensis, and lllex argentinus. 
Relationships between mantle length and age were exponential at the early life stages and almost linear at 
the subadult and adult stages. 

Discipline: Fisheries 
Additional key words: growth 
1...20)* References 

(Received for publication, January 14, 1999) 


Introduction 

The flying squid family Ommastrephidae is an important component in the marine ecosytem and has 
been targeted by commercial fisheries in many coastal and pelagic waters of the world. Todarodes 
pacificus, lllex argentinus, Ommastrephes bartramii and Dosidicus gigas are major species accounting 
for about 50% of the world cephalopod catches which amounted to approximately 2.8 million t year 1 
during the early 1990s!!. Since most of these ommastrephid squids have a one-year life cycle, and are 
usually composed of several seasonal cohorts!!!, it is essential for sustainable use of these stocks to 
determine their age, hatching date, and growth^). Until the late 1980s, growth of squids had been studied 
by using consecutive series of mantle length frequency distributions. Length-based methods, however, 
are generally inappropriate for fast-growing and highly migratory squids^!!). Statolith microstructure is 
useful for age determination of squids as are otoliths in teleost fishes, and direct or indirect validation 
studies revealed daily deposition of increments in squids 11 ’ 1 ^) . Therefore, recent studies on squid growth 
are mostly relying on statolith daily increments, with a few exceptions where gladii were used. The 
purpose of this report is to describe (1) preparation methods of statoliths that have been adopted for age 
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determination in Japanese fisheries research institutes and (2) growth of 4 species targeted by 
international fisheries. 


Structure of statolith 

Statoliths are mainly composed of calcium carbonate in the crystal form of aragonite and are located in 
statocysts in the cartilaginous craniumLi5). A squid statolith consists of a dorsal dome, lateral dome, 
rostrum and wing (Fig. 1 ). Posterior plane of a statolith is convex, and anterior plane is slightly concave. 
Anterior surface of the wing is attached to the statocyst wall via connective tissue. Growth increments, 
with a 3-dimensional structure, are deposited from the core (nucleus) of a statolith. 


Statolith preparation 

In order to extract a pair of statoliths from a squid, cartilaginous cranium was sectioned along a 
transverse plane in the center of the statocysts from the ventral side of the cranium with a small knife. 
Then, each statolith was extracted from a statocyst with fine forceps, cleaned with ethanol, and deposited 
in a pit (ca. 7 mm in diameter) of plastic trays, "microplate", which had been filled with liquid paraffin. 
After removal of liquid paraffin with xylene and ethanol, statoliths were suitable for preparation. Daily 
increments were observed in 4 different ways. Details of the preparation methods were described in 
previous reports 5 ’ 8 ’ 13 ) . 

1) Scanning electron microscopy (SEM) 

Each statolith was mounted individually in a small mold with epoxy. After hardening, the epoxy block 
was removed from the mold, attached to a glass slide with the medial (wing) side up and ground on a 
longitudinal plane until the core was exposed (Figs. 1-3). Fine-grained carbon carbide (1500-grade) 
waterproof paper was used for grinding and statoliths were polished with 0.3 'Am alumina powder. 
Statoliths were etched with 1% HC1 for 150 seconds and coated with gold for SEM observation at 15 kV. 

2) Light microscopy (LM) 

In order to enhance the contrast of increments, statoliths were heated in small glass tubes filled with 
silicone oil at about 190°C for 24 h. Then, silicone oil was removed with xylene and ethanol. Heating 
was not necessary for I. argentinus and small individuals (< 300 mm ML) of O. bartramii. 

(1) Longitudinal sectioning 

After the core of a statolith was exposed in a similar way for SEM observation, the epoxy block was 
detached from the glass slide, attached to a glass slide with the lateral side up, and ground again to the 
level immediately above the core. This method had been applied for Ommastrephes bartramii and 
Dosidicus gigas. 

(2) Polishing of posterior plane 

Each statolith was mounted on a glass slide with super glue or Eukitt with the posterior (convex) plane 
up. The posterior plane of the statoliths was slightly ground with fine-grained carbon carbide waterproof 
paper, and polished with 0.3 Am alumina powder. This method had been used for lllex argentinus and 
Dosidicus gigas^AJA. 
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(3) Polishing of anterior and posterior planes 

Each statolith was mounted on a glass slide with Eukitt with the anterior plane up. Anterior plane of 
statoliths was slightly ground and polished as described in the previous method. Statoliths were removed 
by applying xylene, and attached on the glass slide with the posterior plane up. Then, statoliths were 
similarly ground and polished. This method had been applied for Sthenoteuthis oualaniensis and 
Dosidicus gigas 14 > 16 \ 
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Fig.l. Scanning electron micrograph (SEM) of the left statolith from Ommastrephes bartramii (posterior 
view) showing major features 

Observed plane refers to the sectioning position for SEM and light microscopy observations. 
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Observation of daily increments 


A light microscope (LM) equipped with objective lenses (xlO, x20, x40, and x60) was connected to a TV camera and a high-resolution monitor, with final 
magnifications of 900-4500x. For LM observations, cover glasses are not necessary, but a drop of liquid paraffin markedly enhances the visibility of 
increments. Visibility may also be improved by controlling transmitted light with manipulation of a condenser and filters. Sketches of tracing 
increments^ or graphics from an image-analyzing system are useful for precise counting, i.e. for checking results within multiple counts for a specimen 
by a reader or among multiple readers. 



A single increment is composed of a pair of dark and light rings when viewed with LM (Fig. 
3A) ID. The dark rings are more deeply etched with HC1 because of the larger abundance of 
amino acids than in the light rings (Figs. 2 and 3B). In the ommastrephids, increments are 
usually prominent on the anterior plane of statoliths, and counts were made from the core to 
the dorsal dome (Fig. 2). 


Fig-2 

Scanning electron microgaraphs of a sectioned and etched statolith from a 390 mm ML Dosidicus 
gigas. 


The core (nucleus) is usually dark and oval, with a size of approximately 20-30 14m x 15-20 
'Am for O. bartramii, I. illecebrosus and 7. argentinus (Figs. 3 and 4)AA1. The size of the core 
is considered to correspond to that at the time of hatching in Illex illecebrosusAAl, This 
assumption has been extended to other ommastrephid squids. In artificially reared D. gigas, 
the maximum diameters of 2 statoliths examined were 37 and 4414m on the day of hatching, 
and the size of the statolith linearly increased until the 6th day after hatching, but without 
distinct increments (Fig L _5)^ 21. Bigelow and Landgraphdl also observed an inconsistent 
increment structure around the 10-tol5-‘4m area immediately distal to the core. In some 
squid species, increments may not be produced daily during the embryonic development!!]. 
Therefore, caution must be paid to uncertainties in age estimation during the earliest life 
stage. 


In O. bartramii, increment width increased from 3- 4 !4m near the core to up to 7!4m at a 
distance of 200 !4m, then gradually decreased to 2!4m or less after a distance of 
approximately 40014ml21- A similar pattern was also observed in S. oualaniensis and D. 
gigas (Fig. 2). In Illex argentinus, increment width increased from 1.5-3 !4m in the 
post-nucleus zone, to 2-5'4m in the dark zone and decreased to 1.5-3'4m in the peripheral zone of the dorsal dome!]. Increment width is also subject to 
variation with environmental conditions, mainly temperature, which in turn results from the difference in the hatching seasonal. In a stock of 7. argentinus 
which spawns in summer, increment width may be as narrow as 0.914m in the post-nucleus zone (Fig. 3). Such fine increments can be observed with SEM 
or LM equipped with a high magnification lens (x 60 objective lens). 
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Comparison of preparation methods 

In SEM observations, it was difficult to count the total number of increments from the core to the dorsal dome because some areas were not sufficiently 
etched for counting (Fig. 2). Increment width can be precisely measured with SEM photographs for adequately etched areas. In LM observations, 
increments were diffuse or duplicated depending on the thickness of the samples, magnification levels, and depth of focus. For example, subdaily rings 
(faint increments formed through non-endogenous rhythm, see Fig. 4 of Bigelow and Landgraph 4 !) may become more prominent in over-ground statoliths 
for EM observation!!). For accurate (unbiased) age determination, therefore, SEM observation is recommended for a limited number of samples before 
routine counting with EM, where several hundreds of readings are required in fisheries research!!). 

The sectioning method for LM observation was effective for all the 4 species, and led to more reliable counting than the 2 other methods for LM, because 
it was possible to avoid occulting crystals and dark zones, where increments are sometimes not sufficiently clear to obtain consistent counts. Sectioning 
method is, however, more labor-intensive and it is difficult to estimate earlier growth (back-calculation) owing to the "curved axis" of the statoliths (Fig. 
4)!). The polishing method of the posterior plane is suitable for Illex argentinus whose statoliths have few occulting crystals. Polishing of both anterior 
and posterior planes is indispensable for Stheneteuthis oualaniensis because of the existence of abundant occulting crystals. 


Growth 

Growth at the early life stages has been estimated to be exponential based on statolith daily increment counts for either wild or artificially reared 
paralarvae (Fig. 6). ML-age relationships at the subadult and adult stages are more or less linear (Fig. 7) !!). Altough Uozumi and ShibaD applied a 
logistic curve for the autumn brood of Illex argentinus (Fig. 7), a linear model can be also valid for their data!!). Growth rates vary with sex, seasonal 
cohorts, geographic area, and year 2 ’ 14 ’ 18 ) . Females grew faster than males in all the 4 species examined, although the difference was small for D. gigas !!). 
Since ambient temperature, food availability and maturation affect squid growth, these environmental and physiological factors should be considered for 
future analyses!!). Such growth histories may be reconstructed from increment width and trace element analyses 11 ’ 19 ) . 


Conclusion 

Squid growth is affected by geographic, seasonal, and year-to-year changes in environmental conditions. The growth variability, together with extended 
spawning season (seasonal cohorts) and short life span (usually 1 year), is an important aspect of squid ecology. For age and growth studies of squids, it is 
preferable not to use length-based methods and not to fit a priori asymptotic growth curves (or any single model), which are usually applied in fin-fish 
studies!!!!). Therefore, routine age estimation studies are essential for cephalopod fisheries management, although such a task is labor-intensive. 
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Fig.3. Light micrograpn of the ground and polished left statolith (A) and scanning electron micrograph of 
the sectioned and etched right statiolith (B) from a 244 mm ML Illex argentinus 

Fine increments around the post-nucleus zone (B) can not be observed by light microscopy at low-magnifications (A). 

Bar = 5014m. 
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Fig-4 

Posterior view of ground and polished statoliths from three Ommastrephes bartramii(114, 260 and 381 
mm ML), overlaying locations of 20th, 40th, 60th and 80th increments counted from the core 
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Age (days) 


Fig.5. Relationship between age and statolith length (maximum diameter) of artificially fertilized and 
reared Dosidicus gigas (Yatsu et al., in press^h) 

Growth in older paralarvae may be underestimated because they were starved after exhaustion of yolk, 
about 8 days after hatching. 
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Mantle length (mm) 


- O. bartramii 

ML = 0.95 exp (0.067x) 
Bower (1996) 

—*— O bartramii 

ML = 0.331 exp (0.103x) 
Bigelow & Landgraph (1993) 

• D. gigas 

ML = 0.0314x ♦ 1.114 
Yatsu et al. (unpublished) 

- I. Illecebrosus 

ML = 0.965 exp (0.0417x) 
Balch et al. (1988) 

Dosidicus gigas and Illex illecebrosus 

ML: Mantle length (mm). 

X: Age (days) 



0 10 20 30 40 

Age (days) 

Fig.6. Growth curves of paralarvae of Ommastrephes bartramii, 
estimated from statolith microstructure 
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Fig.7. Composites of ML-age relationships in selected seasonal cohorts of Ommastrephes bartramii, 
Dosidicus gigas, Sthenoteuthis oualaniensis,md Illex argentinus, showing early exponential growth and later 
linear-like growth 


Paralarval growth data were derived from Fig. 6. Adult and subadult growth data were cited from Yatsu et al. (1997) and 
unpublished data for O.bartramii, Masuda etal.(1998) for D.gigas, Takagi and Yatsu (1998) for S.oualaniensis, and Uozumi and 
Shiba (1993) for I.argentinus (logistic curves for autumn brood and lines for winter brood). 

ML: Mantle length (mm). X: Age (days). 
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Table 8. Earthquake damage to fill dams worldwide 

Year 

Magnitude 

(M.) 

Name of 

Date of 

Height 

Type of dam 

Intensity of 
shock 

Characteristic* of damage 

Degree of 
damage 

1906 

7.8 

San Andreas 

1870 

33 

Earth 

10 a > 

A single longitudinal crack 2 to 3 in wide near the 
centre of the crest. 

Slight 



Upper Crystal 
Spring 

1887 

47 

Earth 


Longitudinal transverse cracks. Offset about 8 0 on 
the crest. 

Slight 



Pilarcitot 

1874 

29 

Earth 


No damage 

No 

1925 


Stic (field 

1918 

15 

Earth 

9 b) 

Complete failure due to liquefaction of the lower 
portion of the embankment or the upper pad of 

Serious 

(Failure) 

1930 


Chatsworth 

No.2 

1918 

II 

Earth (hydraulic-fill) 

7 a) 

Longitudinal 1/4 to 3 in wide crack* over the full 
length of the dam. Crest settlement of 1 to 3 in. 

Medium 

1952 

7.8 

South Haiwec 

1912 

27 

Earth (hvdraulic-filll 

iof 1J 

the upstream edge of the crest Total crest settle¬ 
ment of 1 in. in 2 weeks. 

Slight 



Dry Canion 

1912 

17 

Earth 1 hydraulic-fill 1 


damage afire scaling 

SHght 

1955 


Contra Coala 

1928 

IS 

Earth (concrete core) 

7*> 

Ixmgitudinal 0.1 to 0.2 ft. wide cracks near the crest, 
center jutt above the concrete cutoff wall. 

Medium 

1959 


Hcbgan 

1914 

27 

Earth (concrete core) 

10 a) 

Crest settlement of 6 ft. near the middle of the dam 
Overtopping at least four limes due to a number of 

Medium 

1971 

6.5 

Lower San 
Fernando 

1918 

so 

Earth (hydra ulic-flli) 

Max 

Aec. 0,5 g 

Upstream slope failure. 

Heavy 



Upper San 
Fernando 


27 


Max 

Acc. % 0.5 g 

Large downstream movement. 

Heavy 

1990 7.8 ranlahangan 1974 107 

(Philippine*) 

a): Modified Merc alii scale, b) : Rossi- Forel scale. 

Rode fill 

Max 

Acc.»» n t o 4 g 

Cracks settlement of 10 in Longitudinal 1 ft wide 
and 20 ft. king cracks. 

Slight 



http://ss.jircas.affrc.go.jp/engpage/jarq/34-1/tani/fig/t8.htm [10/7/2002 9:15:27 PM] 


























contents 


JARQ- - Japan Agricultural Research Quarterly — Vol. 33 No. 4 (October 1999) 


Contents 

Identification of DNA Polymorphism Induced by X-Ray and UV Irradiation in Plant Cells 

S. Kuroda, H.Yano, Y.Koga-Ban, Y.Tabei, F.Takaiwa, 

T. Kayano and H.Tanaka 


Gamma-Ray-Induced Mutation Breeding in Japanese Pear 

T.Yoshioka, T.Masuda, K.Kotobuki, T.Sanada, and Y.Ito 


Technique for Deep Placement of Coated Urea Fertilizer in Soybean Cultivation 

Yoshihiko Takahashi 
and Takuji Ohyama 


Resource-Recycling System for Domestic WastewaterTreatment Using Biogeofilter Ditches 

Yasuo Ozaki 


Simulation of Soil Moisture in Upland Field of the Cerrados Area 

Kazuhiko Ohba 

Analysis of the Interaction between Surface Water and Groundwater Using Radon-222 

Hiromasa Hamada 


Effects of Medium Conditions on Mulberry Tissue Culture 

H.Yamanouchi, A.Koyama and H. Machii 


Development of Automatic Steering System for Tractor in Mulberry Fields 

Toru Kobayashi 


Harmful Effect of Dinoflagellate Heterocapsa circularisquama on Shellfish in Japan 

Yukihiko Matsuyama 


Microbial Conversion of Macroalgae into a Detrital Hachery Diet 

Motoharu Uchida 



? irst~Pkge-of JARQ hat's New - WlIRCAS Home Page 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/contents3.htm [10/7/2002 9:15:31 PM] 






























Identification of DNA polymorphism induced by the radiation of X-ray and UV in plant cells 


Identification of DNA Polymorphism Induced by X-Ray 
and UV Irradiation in Plant Cells 


Shigeru KURODA* 1 , Hiroshi YANO* 2 , Yasunori KOGA-BAN, 

Yutaka TABEI* 3 , Fumio TAKAIWA, Toshiaki KAYANO* 4 and Hiroshi TANAKA 

Department of Biotechnology, National Institute of Agrobiological Resources 
(Tsukuba, Ibaraki, 305-8602 Japan) 

Present address: 

* 1 Department of Rice Research, Hokuriku National Agricultural Experiment Station 
(1-2-1, Inada, Joetsu, Niigata, 943-01 Japan) 

* 2 Department of Crop Breeding, Chugoku National Agricultural Experiment Station 
(6-12-1, Fukuyama, Hiroshima, 721-8514 Japan) 

* 3 Innovative Technology Division, MAFF Research Council Secretariat 
(1-2-1, Kasumigaseki, Chiyodaku, Tokyo, 100-8950 Japan) 

* 4 To whom correspondences should be addressed. 

Abstract 

Angelonia protoplasts were irradiated with X-rays or UV to obtain a half survival rate. To evaluate the 
DNA damage, total genomic DNA was prepared from protoplasts irradiated with X-rays or UV and 
nonirradiated control protoplasts, respectively. An aliquot of DNA was subjected to polymerase chain 
reaction (PCR) with a decamer arbitrary primer in the presence of radiolabeled nucleotides under 
annealing conditions of low stringency. Randomly amplified PCR products were analyzed using a 
denaturing polyacrylamide gel. All the DNA bands detected by autoradiography were compared. The 
number of DNA bands detected in one lane was approximately ~150. The results indicate that the 
arbitrarily amplified PCR method is very sensitive for monitoring the DNA polymorphism caused by 
X-ray and UV irradiation. This novel procedure, designated as RI (radioisotope incorporated)-RAPD, 
could be applied to detect precise DNA polymorphism in plant cells. 

Discipline: Biotechnology 

Additional key words: RI-RAPD, Angelonia salicariefolia 
® 4 — 12 ): References 

(Received for publication, February 3, 1999) 


Introduction 

Randomly amplified polymorphic DNA (RAPD) analysis has been widely used to identify genetic 
polymorphism in many organisms 11 ’ 12 X Using arbitrary decamer primers, polymerase chain reaction 
(PCR) is performed under the conditions of low stringency annealing temperature. PCR products are 
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conventionally separated on agarose gel, and stained with ethidium bromide (EtBr). This method is very 
simple and rapid. However, the resolution of detailed and complex DNA bands in agarose gel is limited. 
Another improvement was achieved by introducing silver staining 2 ) or digoxigenin (DIG)-based 10 ) 
methods into RAPD. Since the DNA bands observed in an agarose gel or an acrylamide gel are 
sometimes indistinct, the reproducibility of the RAPD methods has been doubtful. 

We are currently examining the effects of X-ray and UV irradiation on mesophyll protoplasts of 
Angelonia salicariefolia to inactivate nuclear DNA. Protoplasts whose nuclear DNA is partly inactivated 
by the application of irradiation techniques are subsequently utilized for asymmetric plant cell 
hybridization 1 ’ 4 ). 

To identify the DNA polymorphism induced immediately after the exposure of protoplasts to X-rays and 
UV, we applied an improved RAPD analysis procedure for the genomic DNA prepared from control and 
irradiated protoplasts. A conventional RAPD analysis of DNA from the 3 different protoplasts (control, 
X-ray irradiated, and UV irradiated) revealed only slight differences, while significant differences 
between the control and irradiated protoplasts were detected by the novel procedure. Here we describe 
the protocols for an improved RAPD method which could be applied in general. 


Materials and methods 

1) X-ray and UV irradiation of protoplasts 

Mesophyll protoplasts from leaf segments of Angelonia salicariefolia L. were cultured in liquid MS 16 
medium as previously described 7 ). Protoplasts ~5 x 10 4 cells/mL) were irradiated with X-rays (60 kVp, 4 
mA, dose of 15 K) or UV (2.5 mW/cm 2 / s, dose of 25 mW/cm 2 at 254 nm). Under these conditions, the 
cell division frequency of the irradiated protoplasts was reduced to half, compared to that of control cells 
after 7 days of culture (unpublished data). Immediately after the exposure to X-rays and UV, protoplasts 
were frozen and kept at *70 until the preparation of DNA. 

2) DNA preparation 

Total genomic DNA from protoplasts was prepared according to the method of Comczynski 3 ) for 
simultaneous DNA and RNA extraction from tissues or cultured cells. We found that this single step 
procedure which is very simple and rapid can be used to prepare reasonable amounts of total genomic 
DNA from protoplasts. The guanidium isocyanate/phenol solution (ISOGEN™) was obtained from 
Nippon Gene. 

3) Polymerase chain reaction (PCR) 

Three decamer oligonucleotides, designated as RA1, RA3, and RA5 whose sequences were 
5'-GTCTGACGGT-3', 5'-CGATCGAGGA-3', and 5'-AAGCAGCAAG-3', respectively, were used as 
RAPD primers 8 ). The standard PCR solution (20 1 AL) was composed of 100 ng of template DNA, 20 ] AM 
of primer, 200V4M of dNTP, 1 0'ACi of [±- 32 P]dCTP (Amersham, 3,000 Ci/mmol), 2.5 units of Tth 
Polymerase (Toyobo) in the recommended buffer. PCR was carried out in an IWAKI thermal sequencer 
(TSR-300) and the conditions were as follows; 94 denaturation for 30 s, 42 annealing for 60 s, and 72 
extension for 30 s with 40 cycles, and another 72 extension for 5 min. For DNA standard molecular 
markers, JExl74/Haelll digests and DNA sequencing ladder (M13 DNA as a template) were used for an 
agarose gel and a denaturing polyacrylamide gel, respectively. 
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4) Gel electrophoresis 

Following 1.5% agarose gel electrophoresis in TBE buffer, the PCR products were visualized by staining 
in EtBr solution (1 %g/mL) and photographed. For denaturing gels, a 6% polyacrylamide gel (acrylamide 
: BIS=19 : 1) containing 42% urea was used in Tris borate buffer. The size of the denaturing gel was 200 
mm (width) x 600 mm (length) x 0.35 mm (thickness). Electrophoresis was carried out for 8 h at 1,500 
V, the gel was dried on 3MM paper (Whatman) subsequently, and autoradiographed overnight without 
the use of an intensifying screen. 


SJ_ 


-Results and discussion- 




Contents 
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Results and discussion 

Fijj. 1 shows the PCR products derived from the X-ray irradiated (X)-, the control (C), and the UV-irradiated protoplasts (U), 
using 3 different primers (RA1, RA3, and RA5). In lane 1 using a primer RA1, some extra DNA bands were observed in the 
X-ray (X)- and UV (U)-irradiated cells compared to the control (C). Similar results were also obtained using RA3 (Fig. 1, lane 
2) and RA5 (Fig. 1, lane 3), respectively. These results indicated that irradiation with X-rays and UV led to DNA 
rearrangements in the portion of genomic DNA. 

To identify a RAPD profile more precisely, we adopted a radioisotope-incorporated PCR (Rl-based PCR) method. Fig. 2 
shows one example of the autoradiograph of the PCR products. The order of samples was the same as that in Fig. 1. The DNA 
bands observed in the X-ray (X)- and UV (U)-irradiated protoplasts were distinct from those of the control (C). The sizes of 
the DNA bands were estimated to be in the range of ~100 to ~500 bp by comparison with the sequence ladder of Ml3 (data 
not shown). The total number of bands in each lane shown in Fig. 2 was determined (Table 1), and found to be larger than that 
shown in Fig. 1, presumably due to the higher resolution in polyacrylamide denaturing gels. 


Table 1. DNA bands detected by Rl-based RAPD 


Primer 

Total DNA bands 


DNA bands appearing in (+) or disappearing in (-) 

o) 

XU 1 

u c ) 

X 

u 


159 

157 

150 


+23 

-25 

+14 

-23 

RA1 

126 

138 

132 


+22 

-10 

+22 

-16 

RA3 

153 

153 

152 


+0 

-0 

+1 

-2 

RA5 










The numbers of DNA bands detected in Fig. 2 are indicated. 

a): C; Control, b): X; X-rays-irradiated protoplasts, c): U; UV-irradiated protoplasts. 

Approximately 120 to 160 DNA bands were detected in the range of ~100 to ~500 bp in each lane. The total number of DNA 
bands was not significantly different among the primers, especially between RA1 and RA5. However, the number of bands 
that disappeared or the appearance of new DNA bands depended on the primer used (Table 1). It should be noted that PCR 
products less than 100 bp could not be detected easily by autoradiography because the amount of [±- 32 P]dCTP incorporated 
into the PCR products was very small. In brief, the present study revealed that (1) DNA rearrangement in protoplasts by 
X-rays and UV could be effectively monitored by Rl-based PCR, (2) a denaturing polyacrylamide gel is superior to an agarose 
gel for the resolution of PCR products in the range of ~ 100 to ~500 bp, and (3) some primers enabled to detect DNA damage 
more effectively than others. 

Hall et al. 5) examined the effects of X-rays and UV on DNA isolated from a protoplast culture of sugar beet (Beta vulgaris ). 
They showed a significant fragmentation of nuclear DNA by pulsed-field gel and conventional agarose gel electrophoresis. 
They were the first to demonstrate the DNA damage by X-rays and UV at the molecular level. However, only large DNA 
fragments were analyzed in that study. To detect the DNA damage caused by UV irradiation, Stapleton et al. 9 ) measured 
pyrimidine dimers using a specific antibody. Since their method was based on immunoreactive detection and was quantitative, 
only the total amount of pyrimidine dimers induced by UV-irradiation could be measured. Our present work focused on the 
detailed and complex changes at the nucleotide level resulting from X-ray and UV irradiation of protoplasts, and the use of 
powerful tools (conventional RAPD, Fig. 1, and Rl-based PCR, Fig. 2) to monitor such DNA rearrangements. 

The length of the PCR products indicated in Figs. 1 and 2 seems to be relatively shorter than that of the products obtained in 
previous studies 11 ’ 12 ), which may be due to the shorter extension time (30 s) than in conventional methods (for example, 120 
s in Refs. 11, 12). However, our procedure was effective for detecting polymorphic DNA bands. By using 20 mer sequence 
derived from the bacteriophage T3 promoter region, Kubota et al. 6 ) reported the detection of 3 -ray-induced DNA damage in 
the Japanese medaka. They obtained DNA-fingerprinting of fish genomic DNA, but the numbers of PCR products were still 
small, presumably due to the longer length of the arbitrary primer used in their study. 

In conclusion, Rl-based PCR is a very sensitive method to detect a very low DNA polymorphism. This method is rather 
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Results and discussion 


laborious and requires the use of radioisotope-labeled compounds in contrast to conventional RAPD analysis. However, the 
system consisting of a denaturing polyacrylamide enables to detect a difference of even one nucleotide. When conventional 
RAPD is not adequate for distinguishing a DNA band profile of PCR products, Rl-based RAPD method would be a suitable 
alternative to detect polymorphic DNA. 


L UForward to: -Gamma-Ray-Induced Mutation Breeding in Japanese Pear- 

He ontents 

c LlRCAS Home Page 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/kuroda/kuroda2.htm (2 of 2) [10/7/2002 9:15:35 PM] 





fl 



310 

281 

271 

234 - 


MXCUXCUXCU 

l bps) 

1353 - 
1078 - 
872 - 


Detection of damage 
Lane 1: primer RA1, 
Lane 2: primer RA3, 
Lane 3: primer RA5, 


of protoplasts by conventional RAPD 
X: X-ray treatment, 

C: control, 

U: UV treatment. 


Fig. 1. 

Conventional RAPD pattern 

PCR products derived from X-ray (X)-, or UV (U)-irradiated, 
and control (C) protoplasts using arbitrary primers, RA1, RA3 
and RA5, were electrophoresed in a 1.5% agarose gel and 
stained with EtBr. 

(M) indicates RxYlMHae III digests. 
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Fig. 2. 

Rl-based RAPD pattern 

PCR products derived from X-ray (X)-, or UV 
(U)-irradiated, and control (C) protoplasts using arbitrary 
primers, RA1, RA3 and RA5 were electrophoresed in a 
6% denaturing gel and autoradiographed overnight. 
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Gamma-Ray-Induced Mutation Breeding in Fruit Trees: 
Breeding of Mutant Cultivars Resistant to Black Spot 
Disease in Japanese Pear 

Toji YOSHIOKA, Tetsuo MASUDA* Kazuo KOTOBUKI* 2 , Tetsuro SANADA* 3 and Yuji 
ITO 

Institute of Radiation Breeding, National Institute of Agrobiological Resources (NIAR) 

(Ohmiya, Ibaraki, 319-2293 Japan) 

Abstract 

Black spot disease, caused by Alternaria altemata Japanese pear pathotype, is the most important and 
serious disease of the susceptible cultivars of Japanese pear. The fungus produces a host-specific toxin 
(AK-toxin) which is highly toxic to the susceptible cultivars. Susceptibility to this disease is controlled 
by a single dominant gene, and all the susceptible cultivars are heterozygous. Mutants resistant to black 
spot disease were induced by irradiation of susceptible cultivars with gamma-rays. Nine resistant mutants 
were selected from chronically irradiated 'Nijisseiki'. One of these mutants was registered as 'Gold 
Nijisseiki'. A resistant mutant derived from acutely irradiated dormant scions of 'Shinsui' was registered 
as 'Kotobuki Shinsui'. One resistant mutant, which was induced from acutely irradiated dormant scions of 
'Osanijisseiki', displayed unfavorable characteristics. Four resistant mutants were selected from 
chronically irradiated 'Osanijisseiki'. One of them was registered as 'Osa Gold'. A list of these resistant 
mutants is shown in Table 4 . It was confirmed that all of the mutants showed an intermediate resistance 
to black spot disease and conferred various levels of resistance. Moreover, mutations with a higher level 
of resistance than that of 'Gold Nijisseiki' were induced from 'Gold Nijisseiki' by acute and chronic 
gamma-ray irradiation. The reason why various levels of resistance were induced could not be 
elucidated. 

Discipline: Plant breeding 

Additional key words: gamma-ray irradiation, Alternaria altemata, AK-toxin, intermediate resistance 
®1-19); References 

(Received for publication, February 4, 1999) 


Introduction 

Black spot disease, caused by Alternaria altemata Japanese pear pathotype, is the most important and 
serious disease of the susceptible cultivars of Japanese pear ( Pyrus pyrifolia NAKAI var. culta NAKAI), 
for example 'Nijisseiki', 'Shinsui' and 'Osanijisseiki'. The fungus produces a host-specific toxin 
(AK-toxin) which causes necrosis and permeability changes in the leaves and fruit of the susceptible 

cultivars 11 >17). 


Susceptibility to this disease is controlled by a single dominant gene 3 ). It is known that the resistant 
cultivars are recessive homozygous and that susceptible cultivars are heterozygous for this gene. 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/yoshioka/yoshioka.htm (1 of 3) [10/7/2002 9:15:42 PM] 




yoshioka 


Dominant homozygous cultivars have never been detected. 

In many vegetatively propagated crops or fruit trees, natural mutations have made important 
contributions to breed improvement. We consider that artificial mutation breeding is an effective method 
for improving economic agricultural species. 

To achieve this objective, induced mutation breeding of temperate fruit trees has been studied in our 
laboratory since 1962. Gamma-ray irradiation is a promising method to induce mutants resistant to black 
spot disease. 


Development of selection method and selection of resistant mutants from 
Nijisseiki 

Nijisseiki, one of the leading cultivars of Japanese pear, is known to be susceptible to black spot disease. 
In 1962, grafted trees of Nijisseiki were planted at a distance of 53-93 m (at intervals of 10 m) from a 
60 Co source in a gamma-field, and were irradiated with gamma-rays chronically to induce resistant 
mutants. 

In 1981, a twig without symptoms of the disease was detected on the tree at a distance of 53 m from the 
source (dose rate: 0.138 Gy/day, 20 h of irradiation). The scions from this mutated twig were grafted 
onto rootstocks outside the gamma-field. The resistant mutant was named ' 3 -l-l'. Consequently, it was 
confirmed that it was possible to induce resistant mutants by irradiation with gamma-rays. 

Since there was no effective method for selecting mutants, other resistant mutants could not be selected. 
However, it is possible to test a large number of samples by treating leaf disks with a filtrate of A. 
altemata culture solution 1 33,14)_ gy us j n g this simple selection method, 4 resistant mutants ( 3 -l-2, 3 -2-l, 
3 -4-l and 3 -5-l) were selected from Nijisseiki trees planted at a distance of 53-93 m from the source in a 
gamma-field 1 ). 

On the other hand, young Nijisseiki trees were planted at a distance of 40-70 m (at intervals of 10 m) 
from the source in a gamma-field in 1983. Selection of resistant mutants was carried out together with 
the cutting back pruning method 10 ). Four resistant mutants ( 3 -A-l, 3 -B-l, 3 -C-l and 3 -C-2) were selected 
from these trees 13 ’ 14 ). 
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Fig.l. Appearance of black spot symptoms on crude AK-toxin treated leaf disks from 1st to 5th leaves 
of the shoot tip (upper to lower) 

Left to right: Chojuro, Nijisseki and 3 -l-l(2 lanes each). 

The leaf disks from young leaves of these mutants showed a small necrotic area by treatment with 
AK-toxin, although no necrosis was observed on the resistant cultivars 15 ) (Fig. 1). It became obvious that 
all of the 9 mutants showed an intermediate resistance between resistant and susceptible cultivars. 


egistration of a new cultivar 'Kotobuki Shinsui' 
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Reference 

number 

Tentative 

name 

Unpnal 

tuttw 


Irradiation 



Culfcvnr 

name 

Registration 

Method 

Dose rate Total dose 
(mGyi"h | (Gy) 

year 

IRS 502 2 

T II 

Nipue&i 

Chronic 

7.1 

8162 

I9S1 

Gold 

Pear Nona No.15 








Nijiueili 

No. 2.932 1 * 









Flint iM2^' 

IRB 502-3 

r-ui 

Nijiuciki 

Chronic 

7-1 

7IJJP 

\m 



IRB StC-4 

^50 

Nijmsctti 

Chronic 

25 

252-1 

I9tu 



IRB 502 3 

y-2-1 

NfyisKiki 

Chronic 

55 

549.6 

IM5 



IRS w:-*i 

T-C'l 

NpKttl 

CfefGftPC 

5A 

57J 

1985 



IKS 502-7 

y+l 

Ni/iuciki 

Chronic 

32 

3472 

1986 



ERB 502-8 

y*BA 

Nijumiki 

Chronic 

8,7 

1343 

1986 



ERR 302-9 

yC-2 

M#hbUe1 

Chronic 

5-8 

119.1 

1981 



tRR 5412-10 

t-a-i 

Nljtoeiki 

Ckroeic 

142 

4362 

1989 



IRB 502-1 IT 

Shtmui-R 

Shimm 

Acute 

2*500-0 

80.0 

1989 

Kolohuki 

Pear Norm No.l8 








Shiraui 

No SAW* 









Application for 









U.S. patent 

]RB 502-J2T 

Oaa-Tottoti 

OMtiijiswiki 

Acute 

2.500.0 

80.0 

1990 



IRB 5D2-13T 

Ovt2lll 

OunJjiueiki 

Chronic 

13.9 

23K.S 

1991 

Osa Gold 

No. 3.i20“ 









Application for 









U-5, patent 

IRB 502 I4T 

Osa2l09 

CHanijrtte'ki 

Chronic 

13.9 

238J 

1991 



IRB 502 ITT 

OfelttOft 

OuBijituiki 

Chronic 

13.9 

277.0 

1993 



IRB 502-lBT 

Ouil3l3 

DunijbiHiJi 

Chronic 

13.9 

277.0 

1993 



irb mm 

0»lQx x 

Qaanijiueiki 

Chronic 

J39 

2952 

1994 



IRB 502-20 

SO] M2 

Gold Nijiwikt 

Acute 

wwo 

60.0 

199* 



IRB 502-21 

SGI6I4 

Geld Nijisierkl 

Acute 

2JW.0 

00.0 

199* 



IRB 502-22 

$G*7fl6 

Gold N ij tneik i 

Acute 

2*500,0 

60.0 

1994 



IRB 502-23 

mm 

Cald Nijiueiki 

Acute 

23000 

SOLO 

1994 



IRB 502-24 

SGI439e 

Gold Niitsseiki 

Chronic 

96 

51.7 

1994 



IRB 502-25 

SG555 

Gflld NjjtHeifcj 

CtWOlMC 

9.6 

51.7 

1994 




i); Restitution number under lb* Seed) and Srrdltngs Lav of Japan, 
b): Patens number {application tor United SlitH patent). 
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Registration of a new cultivar 'Gold Nijisseiki' 

In 1986, local adaptability tests of 3 -1-1, the first resistant mutant from Nijisseiki, were conducted at the 
National Institute of Fruit Tree Science, MAFF (Ministry of Agriculture, Forestry and Fisheries), and at 
27 prefectural horticultural research stations in various pear-growing districts of Japan. 

Although 3 -1-1 is seldom infected with A. alternata in the field, very young leaves in the early growth 
stage and leaves on secondary growth shoots are slightly more susceptible to the disease. Many 
uninfected leaves remained on the tree even in late autumn, in contrast with Nijisseiki, in which all the 
leaves were infected at that time. 

3 -l-l bears many fruit spurs and maintains them easily, though there are relatively few axillary flower 
buds. The flowers are white, and most of them have 5 petals. The flowering time is medium to late. The 
fruit weighs about 300-350 g. The skin of the fruit is yellowish green at early maturity, and becomes 
yellow at late maturity. Many russets occur on the skin when the fruit is cultivated without paper 
bagging. All of these characteristics, except for the slightly later fruit ripening time, are the same as those 
of Nijisseiki 2 ) (Fig. 2) . 

Based on the results obtained, 3 -l-l was designated as cultivar Gold Nijisseiki and registered as 'Pear 
Norin No. 15' by MAFF on June 22, 1990*. Also it was registered as 'No. 2,932' under the Seeds and 
Seedlings Law of Japan on December 16, 1991. 

Selection of resistant mutants from Shinsui and Osanijisseiki 

Shinsui is a russet type pear cultivar whose fruit ripens earlier than that of 'Kosui' and is sweet and rich. 
Osanijisseiki, an excellent cultivar with a smooth skin, is a self-compatible spontaneous bud sport of 
Nijisseiki. Both cultivars are susceptible to black spot disease. Since 1987, the Institute of Radiation 
Breeding, NIAR, in collaboration with Tottori Horticultural Experiment Station, has carried out research 
on radiation breeding for the selection of mutants resistant to black spot disease from these 2 susceptible 
cultivars by using acute or chronic gamma-ray irradiation. 

By using acute irradiation in a gamma-room, dormant scions were irradiated to a total exposure of 60 and 
80 Gy at a dose of 2.5 Gy/h. Irradiated dormant scions were top-grafted onto mature trees of Japanese 
pear. By using a convenient selection method, one mutant resistant to black spot disease (IRB 502-1 IT) 
was selected from 5,736 leaves of 'Shinsui' tested (Table 1, Fig. 3) . 

Additionally, one resistant mutant (IRB 502-12T) was selected from 5,762 leaves of Osanijisseiki 
tested 9 ) (Table 2). These results demonstrate that the development of mutants resistant to black spot 
disease is possible not only through chronic irradiation but also through acute irradiation. In IRB 
502-12T, a resistant mutant from Osanijisseiki, chlorosis of leaves and dwarfing of leaf were clearly 
observed 5 ). These findings suggested that the frequency of unfavorable mutations induced together with 
desirable mutations by acute irradiation is much higher than that by chronic irradiation. 

For chronic irradiation, nursery trees of Shinsui and Osanijisseiki were planted in a gamma-field at 
distances of 45-75 m and 40-70 m from the source, respectively, at intervals of 10 m. Screening tests 
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using the cutting back pruning method 10 ) and a convenient selection method were carried out. Four buds 
which sprouted were selected as resistant mutants (IRB 502-13T, -14T, -17T and -18T) from a total of 
12,596 shoots of Osanijisseiki tested (Table 3, Fig. 4) . All of these mutants were derived from the tree 
planted at a distance of 40 m from the source (dose rate is about 14 mGy/h) 5 ’ 6 ). Resistant mutants from 
chronically irradiated Shinsui could not be selected. 

All of these mutants, obtaine653y both acute and chronic irradiation, showed intermediate resistance to 
black spot disease, in the same way as 9 resistant mutants induced from Nijisseiki, including Gold 
Nijisseiki (Figs. 3 &4) 


H|. 


Registration of a new cultivar 'Kotobuki Shinsui'- 
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Fig.2. 

Fruit-bearing shoot of Gold Nijisseiki 
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Table 1 

Table 1. Screening test using AK-toxin on ganuna-ray-irradiated Shinsui 9 ) 


Year of grafting 

No. of shoots in screening test 

1987 

1988 

1989 

1990 

Total 

60 Gy 

1987 

144 

173 

507 

231 

1,055 


1988 


213 

692 

543 

1,448 


1989 



321 

582 

903 


1990 




162 

162 



144 

386 

1,520 

1,518 

3,568 

80 Gy 

1987 

55 

29 

115 

22 

221 


1988 


90 

842a) 

34 

966 


1989 



782 

93 

875 


1990 




106 

106 



55 

119 

1,739 

255 

2,168(5,736) 


a): Mutant resistant to black spot disease selected. 
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Fig.3. Appearance of black sport systems on crude AK-toxin treated leaf disks from 1st to 5th leaves of 
the shoot tip (upper to lower) 

Left to right: Nijisseiki, Shinsui (2 lanes), IRB 502-1 IT (2 lanes), Gold Nijisseki (2 lanes) and Chojuro. 
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Table 2. Screening test using AK-toxin on ganuna-ray-irradiated Osanijissekiki 91 
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Table 3 

Table 3. Number of shoots tested for the selection of mutants resistant to black spot disease using crude AK-toxin on Osanjisseiki in the gamma-field 6 ). 


Distance from 

60 Co source 

No. of shoots in screening testa 

1988 

1989 

1990 

1991 

1992 

1993 

Total 

40 m 

355 

462 

651 

513b) 

795 

557c) 

3,333 

50 

543 

973 

343 

539 

87 

1,241 

3,726 

60 

439 

253 

256 

400 

137 

804 

2,289 

70 

653 

422 

235 

490 

215 

1,233 

3,248 

Total 

1990 

2,110 

1,485 

1,942 

1,234 

3,835 

12,596 


a): Nursery tree planted in the gamma-field on March 4, 1986. 
h): Two mutants resistant to black spot disease selected, 
c): Two mutants resistant to black spot disease selected. 
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Fig.4. Appearance of black spot symptoms on crude AK-toxin treated leaf disks from 1 st to 5th leaves of 
the shoot top (upper to lower) 

Left to right: Osanijisseiki, IRB 502-13T,-14T, -17T, -18T, Gold Nijisseiki and Chojuro. 
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Registration of a new cultivar 'Kotobuki Shinsui' 


® 11 9); References 

Registration of a new cultivar 'Kotobuki Shinsui' 



In 1993, IRB 502-1 IT, a mutant 
resistant to black spot disease induced 
from Shinsui, was designated as 'Pear 
Houiku No. 2'. Local adaptability 
tests of the mutant were conducted at 
the National Institute of Fruit Tree 
Science, MAFF, and at 25 prefectural 
horticultural research stations in 
various pear-growing districts of 
Japan. 

Fig. 5. Fruit-bearing tree of Kotobuki 
Shinsui 

The characteristics of Pear Houiku 
No. 2 are the same as those of the 
original cultivar Shinsui, except for 
the resistance to black spot disease. There were no differences between Pear Houiku No. 2 and Shinsui in 
the tree configuration and fruit characteristics (Fig. 5). Based on these results, Pear Houiku No. 2 was 
designated as Kotobuki Shinsui and registered as 'Pear Norin No. 18' by MAFF on August 21, 1996*. 
Also it was registered as 'No. 5,436' under the Seeds and Seedlings Law of Japan on March 7, 1997 4 ). 


Registration of a new cultivar 'Osa Gold' 

The scions from a twig of IRB 502-13T, one of the resistant mutants induced by chronic irradiation with 
gamma-rays, were grafted onto rootstocks outside the gamma-field. The characteristics of IRB 502-13T 
were compared with those of the original Osanijisseiki. Shoot and leaf characteristics of IRB 502- 13T 
were similar to those of Osanijisseiki. Flower characteristics, including self-compatibility, of IRB 
502-13T were also the same as those of Osanijisseiki. The fruit characteristics of IRB 502-13T were 
similar to those of Osanijisseiki 6 ) (Fig. 6) . 

Based on these results, IRB 502-13T was designated as cultivar Osa Gold and registered as 'No. 5,620' 
under the Seeds and Seedlings Law of Japan on July 15, 1997 7 )*. 


Selection of 'Super Gold' family lines 

All the 9 resistant mutants induced from Nijisseiki by gamma-ray irradiation showed an intermediate 
resistance between resistant and susceptible cultivars. It was obvious that this character was inherited 16 ). 
Therefore, selection of mutants with a high level of resistance to black spot disease was performed by 
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Registration of a new cultivar 'Kotobuki Shinsui' 


gamma-ray irradiation of Gold Nijisseiki. By acute irradiation in a gamma-room, 4 mutants (IRB 
502-20-23) with a high level of resistance were selected. By chronic irradiation in a gamma-field, 2 
mutants (IRB 502-24 and -25) were selected 8 ’ 18 ). They were designated as ‘Super Gold’ family lines. 


Investigation of the necrotic area resulting from AK-toxin treatment revealed that although these 6 
mutants with a high level of resistance were clearly more resistant to black spot disease than Gold 
Nijisseiki, they still exhibited only an intermediate resistance 18 ) (Fig. 7) . 

To estimate the resistance levels of these mutants to black spot disease, sensitivity to AK-toxin was 
tested based on the toxin-induced electrolyte loss from leaf tissues 12 ). The rate of increase of the 
electrolyte loss derived from AK-toxin for Gold Nijisseiki compared with deionized water was 
considerably lower than that for Nijisseiki. Toxin-induced losses of electrolytes for 'Super Gold' family 
lines were clearly lower than that of Gold Nijisseiki 19 ). Moreover, differences in toxin-induced loss rates 
were confirmed among the 'Super Gold' family lines (Fig. 8) . 

We could not clearly determine why the induced mutants conferred various levels of resistance to black 
spot disease. It will be interesting to address this problem through further investigations. The 'Super 
Gold' family lines, including Gold Nijisseiki, will be good materials for studies of the mechanisms of the 
resistance function of host-specific toxin and mutation induction by gamma-ray irradiation. 
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Fig.6. Fruit-bearing shoot of Osa Gold 
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Fig.7. Response to crude AK-toxin on the leaf disk of IRB 502-20 and -24, induced mutants with high 
resistance to blank spot disease 18 ) 

Leaf disks were checked at 48h after toxin treatment. 
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Fig.8. AK-toxin-induced electrolyte loss from leaf tissues of Nijisseiki, IRB 502-6 ( 3 -C-l), Chojuro and Super Gold family lines 19 ) 
Treatments were as follows: (T); toxin, (C); deionized water. 
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Abstract 

The objective of this study was to increase the productivity of soybean seeds by the application of 
controlled release nitrogen fertilizers (coated urea). Based on the results obtained in field experiments 
carried out for 3 years (1989-1991), deep placement of coated urea consistently enabled to increase the 
seed yield by about 10-20% over the conventional treatment. Deep placement of coated urea did not 
depress the N 2 fixation activity throughout the growth stages until maturity, though N from fertilizer was 
actively absorbed. The basal deep placement of coated urea for soybean cultivation enabled to supply N 
from the lower part of roots without concomitant depression of N 2 fixation, and consequently seed yield 
increased. High recovery rate (over 60%) of fertilizer N was also advantageous from economical 
viewpoints. 

Discipline: Soils, fertilizers and plant nutrition/Crop production 
Additional key words: N2 fixation, ureide, root growth, Rb uptake 

(Received for publication, February 9, 1999) 
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Introduction 

Soybean is the most important leguminous grain crop used by human beings and livestock as food or 
feed, respectively, worldwide. In Japan there are many traditional soybean products, such as 'tofu,' 'miso,' 
soy sauce, 'natto' (fermented soybean), etc. Soybean seeds are useful materials for the food industry, 
because they are very rich in oil and protein with a good nutritive value. 

Soybean plants require a continuous supply of a large amount of N for maximum seed yield, and N is 
generally derived from 3 sources under field conditions; from symbiotic N2 fixation by root nodules, 
from N absorbed from soil mineralized N and from fertilizer. In spite of the high demand for N, a large 
supply of N fertilizer markedly depresses nodule development and N2 fixation activity, resulting in the 
reduction of the seed yield. 

In Niigata Prefecture, about 80% of the soybean plants are cultivated in upland fields converted from 
drained rice paddy fields. The fields consist mostly of clayey Gray soil, and adverse soil conditions such 
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Technique for Deep Placement of Coated Urea Fertilizer in Soybean Cultivation 

* a ■ i a i i , • I, ri ~ A/r t - 1 . On the other hand, the 

as poor water drainage lead to a low average soybean seed yield of 1.3 Mg ha 

contribution of g xat j on j s estimated to be relatively high in soybean plants cultivated in drained 

paddy fields in Niigata, and about 60-80% of total accumulated N in shoot originates from fixed N 2 . 

In the present studies, a new technique consisting of deep placement of coated urea fertilizer has been 
developed to obtain high yield, efficient fertilizer utilization, and high N 2 fixation activity 6 ’ 8 ’ 14 ^' 


Materials and methods 

1) Cultivation 

Soybean Glycine max (L.) Merr. cv. Enrei plants were grown in an upland field converted from a 
drained paddy field of Niigata Agricultural Experiment Station. Seeds were sown on May 31-June 4, in 
1989-1991. The seeds were stripe-sown at a density of 8.9 seeds m -2 (15 x 75 cm) by single stem 
training. Cultivation method was applied according to the guidebook for soybean cultivation published 
by Niigata Prefecture. Main operation sequence was as follows: fertilization’tillage; harrowing’herbicide 
application’seeding-intertillage; earthing up (late in June A early in July). Agricultural chemicals were 
spread 2 or 3 times to control the insect pests. 

The terminology of the reproductive stages followed that reported by Fehr and Cavinessl). 

Corresponding description with the stage numbers was as follows: Rl, beginning of bloom; R3, 
beginning of pod development; R5, beginning seed of development, R7, beginning of maturity; R 8 , full 
maturity. 

2) Field conditions 

The experimental field had been converted from a paddy field in the previous year. The soil was a 
fine-textured Gray Lowland soil. Chemical properties of the soil were as follows: texture, clay loam; pH 
(H 20 ) 7 j. ( cmo l(+)kg"^’ total carbon content ( 10-2 kg kg- 1 ), 1 . 0 ; total nitrogen content ( 10-2 

kg kg-1), 0.11; C/N, 9.1; amount of mineralized N determined by the incubation of air-dried soil under 
upland conditions for 4 weeks at 30 (10 -7 kg kg-1), 4.8. 

3) Fertilizer application 

Fertilizer application is outlined in Table 1 . Three treatments were designed as follows:(a) control, basal 
dressing of ammonium sulfate (16 kg N ha-l);(b) deep placement, basal dressing of ammonium sulfate 
(16kg N ha- 1 ) and deep placement of coated urea,100-day type (100 kg N ha- 1 ); (c) top dressing, basal 
dressing of ammonium sulfate(16 kg N ha- 1 ) and top dressing of coated urea,70-day type (100 kg N 
ha-l). In addition, phosphorus and potassium fertilizers were supplied as basal dressing for all the 
experimental plots (60 kg P 2 05 ha" 1 ’ ^ kg ha- 1 ), respectively. Each treatment was triplicated in 

randomized plots. 

Two types of coated urea fertilizer were supplied by Chisso-Asahi Co., Ltd., namely the 100-day type of 
coated urea was used for the deep placement and 70-day type of coated urea for the top dressing 
treatment, which require 100 days and 70 days to release 80% of N by incubation in water at 25, 
respectively. 
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The deep placement of coated urea was carried out using the fertilizer injector (Fig, la) devised by 
Shioya (1985)7) or a fertilization machine (Fig, lb) produced by Niigata Agric. Exp. Stn. on an 
experimented basis in 1991. Fertilizers were injected just under the seed-placement lines at a 20 cm 
depth along the ridges. Top dressing of 70-day type coated urea was carried out just before the flowering 
stage. In the control treatment, N 16 kg ha-1 (NH 4 ) 2 S0 4 was supplied as basal application. 


s 


Effect of deep placement- 


m 
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Table 1. Fertiliser application treatments 


Basal applicatio n* _ Top dreeilng 


Treatment 

Type of N 

fertilizer 

Applied N 
{kg ha’ 1 ) 

Placement 

depth (cm) 

Type of U 

fertilizer 

Applied N 
( kg ha 4 ) 

Placement 

depth {cm) 

Control 

(MH») jSO* 

10 

0-13 




Deep placement 

CNH*) .SO- 

16 

0-13 





Coated urea" 

100 

20 




Top dressing 

iNK- .SO- 

16 

0-13 

Coated urea” 100 

2-5 


a ; Fused magnesium phosphate (GO kg PrQi ha ’) and potassium chloride ( 80 kg KiO ha ,H ) 
fertilizers were used for basal application In all the experimental plots, 
b}: 100-day type of coated urea which, releases 80% of the U In water at 25 t) in 100 days, 
c) : 70-day type of coated urea which releases 80% of the ftf In water at 25 In 70 days. 

[oL k 
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Fig.l. Fertilizer injector (a) and fertilization machine (b) used 

Fertilizer injector was used in 1989-1990 
Fertilization machine was used in 1991. 
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Effect of deep placement 

The accumulation of dry matter and total N content in shoot were always the highest in the plants with 
the deep placement treatment at R7 stage (Table 2) . On the other hand, in the top dressing treatment, the 
amount of N accumulated from the R3 to R7 stages was lower than in the deep placement treatment 
(Table 2). Consequently, the seed yield in the deep placement was 4.17-5.92 Mg ha -1 , surpassing that in 
the control (3.73-4.80 Mg ha' 1 ) and the top dressing (3.59-5.32 Mg ha -1 ) treatments (Table 3). 

The promotive effect of seed yield by the deep placement was analyzed from the characters in the shoots 
at the R8 stage. Since the number of pods per node of the plants with deep placement was higher than in 
the control ones, total pod and seed number increased by deep placement (Tq&/es 3, 4). 

The average seed size expressed as 100-seed weight shown in Table 3 indicates that the seed size in the 
deep placement was larger than or the same as that of the control or top dressing treatments. The 
chemical composition of seed such as, protein, oil, carbohydrates, minerals, etc., was almost similar 
among the treatments 6 )- Therefore, the seed quality was not lower in deep placement of coated urea. 


Evaluation of N 2 fixation 

A modified relative ureide method has been employed for the estimation of the proportion of plant N 

derived from N 2 fj xat j on analyzing the N content of ureides, nitrate, and amino N in xylem sap 

3) 

collected from root bleeding xylem sap . We used the relative abundance of ureide-N 
(ureide-N/(ureide-N + N03-N + amide-N) as an indicator for the relative dependence on N2 fixation, 
based on the fact that the major part of fixed N2 is transported in the form of ureides 4 \ whereas the 

transport forms of absorbed N from soil and fertilizer N, were mainly nitrate, amino acids, and amides 5 ^' 
We compared the "relative ureide-N method" with the conventional "N-balance method" using 
nodulating (T202) and non-nodulating (T201) isolines grown in the field, and the results suggested that 
the relative ureide method is a useful technique for estimating the current ratio of N derived from N 2 

Q\ 

fixation versus the total N assimilation ' 

By using the relative ureide method we obtained the following results (Fig.2). Top dressing treatment 

depressed the N 2 fj xat j on ac tivity during the maturation stage (R5-R7) and the N absorption rate was 
higher than that of the control plants. On the other hand, deep placement of coated urea did not depress 
the N2 fixation activity throughout the growth stages until maturity, although active N absorption from 

fertilizer was confirmed by the lsN tracer ex P eriments - ^ N recOTer y rate in the P lants with dee P 
placement of coated urea was about 62%, a value much higher than that of the plants with top dressing of 
coated urea (33%) at the R7 stage (Table 5). 
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Table 2 


Table 2. Dry matter production and N accumulation In shoot of soybean plant 


Experiment Treatment Dry weight of shoot N accumulation in shoot 


year 


(Mg ha' 1 ) 

(g m J ) 

R3 

R7 

R3 

R7 

1989 

Control 

3.1 es 

7.40a 

8,33a 

23.56a 


Deep placement 

3,60a 

9.57b 

9.69 a 

31.35b 


Top dressing* 

3.94 

7,M 

10.83 

24,45 

1990 

Control 

3,12a 

9.13a 

9.31a 

34.77a 


Deep placement 

3.83a 

1098c 

11.69b 

42,59b 


Top dressing 

3.11a 

9.85b 

9.603b 

35.473 b 

1991 

Control 

2.14a 

6,50 a 

5.30a 

24.774 


Deep placement 

2.29a 

9.11b 

6.36a 

33.33b 


Within a column, means followed by the same letter ere not significantly 
different at 5% level LSD test 

a): These data were considerably different in each block, 
and thus omitted for statistical calculation. 

SL 
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Table 3 


Table 3, Seed yield and yield components 


Experiment Treatment 

year 

Seed yield 
(Mg ha 1 ) 


Yield components 


No. of pods 

J 

No. of seeds 

per pod 

No. of seeds 

Cm 4 ) 

too seed 

weight g 

19B9 

Control 

9.73a 

623a 

2.06a 

1060a 

34.6a 


Deep placement 

4.24b 

571a 

2.04a 

1163b 

36.4b 


Top dressing 

3.69a 

609a 

2.01a 

1023a 

35.0a 

1990 

Control 

4.80a 

786 a 

1.86a 

1423a 

33.8a 


Deep placement 

6.92c 

928b 

1.69ab 

1752b 

33.8a 


Top dressing 

6.3 2b 

836ab 

1.91b 

1597ab 

33.6a 

1991 

Control 

3.79a 

696a 

1.91a 

1101a 

34.5a 


Deep placement 

4.17b 

631b 

1.69a 

1193a 

34.9a 


Within a column, mean a followed by the same letter are not significantly 
different at 5% level LSD test. 
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Table 4. 

Characteristics of shoots of soybean plants at R0 stage 




Experiment 

Treatment Main stem 

Ho. of nodes 

Ho, of first 

Stem diameter 

No. of total 

No, of poda 

year 

length ! cm J 

fn main stern 

blanches 

(mm) 

node* (m J > 

per node 

1999 

Control 

5£a 

13,5a 

4,5* 

9.3a 

315a 

1.66 


Deep placement 

S6a 

137* 

4,6* 

9.1a 

334a 

1.71a 


Top dressing 

E5S 

13,5* 

47* 

8,9b 

321a 

1.60a 

1990 

Control 

53a 

13.5* 

6.6* 

9.4* 

442a 

1.63a 


Deep placement 

63a 

13.9a 

7.0 a 

10.0a 

451a 

2.06b 


Top dressing 

53a 

13.6* 

6.6a 

9.7* 

426a 

1.97b 

1991 

Control 

47a 

12.4a 

4.6a 

9.3a 

261a 

2.96a 


Deep placement 

61b 

12.4a 

4.6a 

9.7a 

287a 

2.20b 


Within a column, moans followed by the same letter are notilgnrtlcanby 
different at S% level LSD test 


BacK 
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Daily N 2 fixation and N 
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Fig-2. 

Daily N 2 fixation activity and N absorption rate (from 
soil + fertilizer) depending on the plant stages and 
treatments 
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Table 5. Fertilizer-N recovery rates in the plant shoot 


Experiment 

year 

Treatment 


R3 stage 

R7 stage 

Absorbed N(g m 4 ) 

Recovery rate (%) 

Absorbed N(g m*) 

Recovery rate (%) 

1989 

Control *’ 

0.05 


3.1 

0.15 

9.4 


Deep placement* 

2.10 


21.0 

4.75 

47.5 


Top dressing *' 

0.63 


6.3 

2.56 

25.6 

1990 

Control *' 

0.13 


8.3 

0.15 

9.2 


Deep placement* 

1.23 


12.3 

6.24 

62.4 


Top dressing *’ 

0.22 


2.2 

3.26 

32.6 


a): ’*N-(NH«) 1SO4. b): ’*N-Coated urea 100-d. type, c) : ”N-Coated urea 70-d. type. 


IfiL* 
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Root growth and activity 


The effects of placement of 
coated urea fertilizer on the root 
growth and activity were 
investigated by measuring the 
root dry weight and Rubidium 
(Rb) absorption activity (Figs. 
3,4). Alternatively 32 P and Eu 
tracer have been used to study 
the root activity. However these 
methods are expensive and 
require a special equipment for 
analysis. 

Fig. 4. Amount ofRb uptake 
depending on the cultivarsts, 
and depth of Rb injection 

Recently Rb has been used in 
field studies as a convenient 
tracer and some reports were 
published 2 ). We employed the 
Rb tracer method to measure 
the moisture uptake activity and 
the root density. 




Fig-4 H Control □ Deep placement H Top dressing 


The results shown in Fig.3 suggested that the deep placement of coated urea promotes the growth of 
roots, especially during the reproductive stages (R1-R7). Also top dressing treatment slightly enhanced 
the root growth. 

When Rb was injected at a 10 cm depth in soil, the total amount of Rb accumulated in the plants was 
larger in the sequence of control<deep placementctop dressing. On the other hand, the amount of Rb 
accumulated from an area at a 25 cm depth was always the largest in every variety subjected to deep 
placement of coated urea followed by the top dressing treatment. Consequently, it was considered that 
deep placement of coated urea exerts a beneficial effect on the growth of soybean plants, where the 
extended roots are able to absorb moisture from deeper areas and drought can be avoided. Moreover, it 
possible that deep placement of coated urea does not exert a harmful effect on nodule development 
especially those located near the surface layer. 


Behavior of fertilizer-N in soil 

The behavior of fertilizer-N in soil was investigated in order to analyze the effect of deep placement of 
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coated urea. At the same time, the deep placement technique was evaluated to prevent groundwater 
pollution by NO 3 " originating from fertilizer-N. 

Theoretically, more than half of the amount of N should be released from deep placement of coated urea 
during the first half of the growth period in soybean plants (Fig. 5). Fertilizer-N was mainly absorbed 
during the latter half of the growth period as revealed by the 15 N tracer experiment (Table 5). The time 
lag of the absorption was due to ammonium adsorption and accumulation in soil released from fertilizer 
N 14 (data not shown). Although the eluted urea was rapidly hydrolyzed to ammonia by urease activity in 
soil, the NH 4 + .N could not be easily nitrified owing to the low activity of nitrification in the deep layers 
of soil (Fig. 6) . And the adsorbed NH 4 + .N on the negative electric charge of clayey soil was absorbed 
effectively by the roots in deep layers. As a result, soybean plants could absorb N during the maturation 
stage when soybean required a large amount of N for seed production. Then, the absorbed N contributed 
effectively to the increase of soybean yield. 

When the 70-day type of coated urea was applied in surface layers, the fertilizer-N was easily converted 
to N 03 '-N due to the high activity of nitrification in the surface soil, and eluviated from the rhizosphere 
soil in the N0 3 " form 8 )(data not shown). 

Several advantages of deep placement of coated urea include the high recovery rate of fertilizer.N by 
crop plants and prevention of groundwater pollution originating from fertilizer-N. 


Application in farmer's field 

The deep placement technique was applied in a farmer's field. In 1993 soybean plants sustained damage 
from extremely cold weather and wet injury. However the seed yield in the case of deep placement of 
coated urea increased by 22% over that in the conventional treatment. As a result, due to deep placement 
of coated urea, the farmer's income increased by 43% compared with conventional fertilization. The 
increased income associated with a higher seed yield compensated for the cost of coated urea and 
fertilization machine. 


Conclusion 

Deep placement of coated urea with whole layer basal dressing of ammonium sulfate enabled to increase 
the soybean seed yield by about 10 - 20 % over that by the conventional whole layer basal dressing of 
ammonium sulfate. The promotive effect of deep placement on seed yield was due to the lack of 
depression of N 2 fixation throughout the growth stages, and to the active absorption of fertilizer-N. The 
N recovery rate in the plants with deep placement of coated urea was about 62%, a value much higher 
than that of the plants with top dressing (33%) at the R7 stage. We confirmed that the deep placement of 
coated urea exerted a beneficial effect on the growth of deeper roots based on the Rb tracer experiment. 
Although he urea released from coated urea was rapidly hydrolyzed to ammonia, NH 4 + _N could not be 
easily nitrified owing to the low activity of nitrification in the deep soil layers. As a result, soybean plants 
could absorb the N during the maturation stage when soybean requires a large amount of N for seed 
production. 
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Fig.3.Amount of roots depending on the plant stages, cultivars, and treatments 
C: Control. 

D: Deep placement. 

T: Top dressing. 
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Fig-5. 


Theoretical N releasing pattern from coated urea 
(pattern based on soil temperature in 1990) 
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Table 5. Fertilizer-N recovery rates in the plant shoot 


Experiment 

year 

Treatment 


R3 stage 

R7 stage 

Absorbed N(g m 4 ) 

Recovery rate (%) 

Absorbed N(g m*) 

Recovery rate (%) 

1989 

Control *’ 

0.05 


3.1 

0.15 

9.4 


Deep placement* 

2.10 


21.0 

4.75 

47.5 


Top dressing *' 

0.63 


6.3 

2.56 

25.6 

1990 

Control *' 

0.13 


8.3 

0.15 

9.2 


Deep placement* 

1.23 


12.3 

6.24 

62.4 


Top dressing *’ 

0.22 


2.2 

3.26 

32.6 


a): ’*N-(NH«) 1SO4. b): ’*N-Coated urea 100-d. type, c) : ”N-Coated urea 70-d. type. 


IfiL* 
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Fig.6. Nitrification activity of soil depending on the sampling time and soil depth 
E: 5/22 0 A 10cm depth. I: 5/22 15 A 25cm depth. 

2 : 7/9 0 A 10cm depth. : 7/9 15 A 25cm depth. 

Bars indicate LSD at 5 % level. 
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Resource-Recycling System for Domestic Wastewater 
Treatment Using Biogeofilter Ditches Planted with Useful 
Plants 

Yasuo OZAKI 

Department of Soils and Fertilizers, National Agriculture Research Center 
(Tsukuba, Ibaraki, 305-8666 Japan) 

Abstract 

It is necessary to develop an energy-saving and resource-recycling system for water purification in rural 
and mountainous areas. This paper outlines the development of a resource-recycling system for water 
purification. The purification system consisted of a combination of anaerobic/aerobic treatment plant and 
biogeofilter (BGF) ditches filled with zeolite and Kanuma soil as bed filter materials. The BGF ditches 
were planted with useful aquatic and terrestrial plants. The average rates of total nitrogen (T-N) and total 
phosphorus (T-P) removal by the aquatic plants were 1.34 g nr 2 d _l and 0.34 g nr 2 d _l , respectively. The 
water purification system decreased the average T-N concentration to 0.31 mg L _l and average T-P 
concentration to 0.22 mg L _l from domestic wastewater in summer. The useful plants planted in the BGF 
ditches grew vigorously and produced more fruits indicating that the secondary effluent of the domestic 
wastewater contains essential nutrient elements. Thus, the use of this effluent for water culture of useful 
plants enables to purify the domestic wastewater and is also an effective means of nutrient recycling. 

Discipline: Agricultural environment/Horticulture 

Additional key words: domestic wastewater purification, nitrogen, phosphorus 
®1...13) : References 

(Received for publication, February 9, 1999) 


Introduction 

The nitrogen (N) and phosphorus (P) contained in domestic wastewater have recently been the major 
causes of water pollution in semi-closed water bodies such as Kasumigaura Lake. Until about 1955, 
human feces and urine were mostly returned to farmlands and used as valuable manure resources 8 ). As a 
result, the water of rivers and lakes remained clear and a large number of species of organisms were able 
to live there, while children were provided with areas to observe nature, play, fish, and engage in other 
recreational activities. 

Based on previous basic studies 3 ’ 5 ‘ 7 > 12 43) ? the researchers of the Water Quality Control Laboratory 
constructed on an experimental basis biogeofilter (BGF) ditches filled with filtering materials and 
planted with useful plants 1 ^, 9-11), These ditches can effectively use the adsorbing and filtering function 
of filtering materials, nutrient-absorbing function of plants, and water-purifying function of 
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microorganisms. Using BGF ditches, the Laboratory has developed a resource-recycling water 
purification system for rural and mountainous areas. This BGF ditch is not costly and functions as an 
energy-saving wastewater treatment system suited to rural areas. 


Characteristics and operation of BGF ditches 

The resource-recycling water purification system consisted of a combination of anaerobic/aerobic 
treatment plant and 2 BGF ditches 0.4 x 19.5 x 0.4 H m in size. The BGF ditches were filled with zeolite 
and Kanuma soil as bed filter materials. The Kanuma soil is one of the volcanic ash soils rich in 
allophane. The packing height of the filtering materials in the ditch could be adjusted according to the 
moisture tolerance of plants (Fig. 1). In this way, vegetables, and other useful terrestrial plants could be 
used for water purification purposes. As an example, in the ditch where some terrestrial plants were 
planted, the filtering material was packed up to a height of about 10 cm above the water level. 

The water purification experiment was initiated in October 1993 using the domestic wastewater effluent 
from a family of five. The amount of wastewater was about 1 m 3 per day with 40 to 60 mg L _l total N 
(T-N) and 4.5 to 7.0 mg L _l total P (T-P). The domestic wastewater was treated in the combined 
anaerobic/aerobic treatment plant (Kirin Machinery Corp. Type KY-N7A) and introduced into the 
adjustment tank. Then the treated water was pumped to the BGF ditches at a rate of 30 to 45 L h _1 , which 
was measured by an instantaneous and integrating flowmeter. The amount of water flowing out of the 
ditches was measured by using tipping-water flowmeters (Fig. 2). Influent, water running in the ditch 
and effluent were sampled at least once a week and analyzed to evaluate the changes in the water 
purification function. The useful plants were replaced with new ones when they almost lost their 
nutrient-absorbing function after they had flowered and fruited. 


Comparison of water purification function between a ditch with terrestrial 
plants and a ditch with aquatic plants 

Fig. 3 shows the results of the water purification experiment in which terrestrial plants were grown in the 
first ditch (H ditch) while aquatic plants were grown in the second ditch (M ditch) in August 1996. In the 
M ditch planted with swamp cabbage (Ipomoea aquatica Forsk) and Chinese arrowhead (Sagittaria 
sagittifolia L.), the average reduction of the T-N concentration in the water was 12.7 mg L" 1 . On the 
other hand, in the section of papyrus (Cyperus papyrus L.), the average decrease in the T-N 
concentration was 5.2 mg L l while only 1.9 mg L" 1 in the section of rice (Oryza sativa L.). As a result, 
the average T-N concentration of effluents was 0.46 mg L '. In the H ditch, the concentration decreased 
roughly at the same rate when the water ran down to the end of the ditch. The T-N level of the effluents 
was reduced to 0.80 mg L _1 . The roots of the terrestrial plants reached only an area of about 10 cm below 
the water surface while the roots of papyrus, swamp cabbage and other aquatic plants reached the ditch 
bottom and displayed a much higher water purification function. 
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Fig. 4. shows the growth 
conditions of the plants 
cultivated in the BGF 
ditches. Tomato 
(Lycopersicum esculentum 
M.) plants produced more 
fruits while swamp 
cabbage, Chinese 
arrowhead grew very well. 
Kenaf (Hibiscus 
cannabinus L.) and 
papyrus planted in the rear 
of the ditches grew to a 
height of more than 2.5 m 
high. Fig. 5 shows the 
growth stages of papyrus 
planted in the last section 
of the 7.3 m long M ditch. 

The height of papyrus was 2.5 m in the upper part of the section but only about 1.2 to 1.5 m in the lower 
part. The plant growth decreased further when the growth of swamp cabbage and Chinese arrowhead 
planted in the upper ditch increased from mid-July to mid-September. This trend indicates that the 
papyrus in the upper part might have absorbed most of the nutrients from the influents. As shown in Fig. 
3, the T-N concentration of the water in the lower part of the section was 0.2 to 0.3 mg L _1 , probably 
corresponding to the plants' critical purification function. 



II -Simultaneous removal of T-N and T-P using zeolite and Kanuma soil- 
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Fig. 1. Biogeofilter ditch with filtering materials 
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Fig. 2. Resource-recycling system for wastewater purification combining a treatment plant and BGF 
ditches 
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Fig. 3. Changes in total nitrogen concentration of wastewater effluent at varying flowing distances 
(August 1996) 
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Fig.5. Growth conditions of papyrus in the last section of M ditch 
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Simultaneous removal of T-N and T-P using zeolite and Kanuma soil 

The changes in the T-N concentration of the effluent in the M ditch, in which zeolite and Kanuma soil 
were used as bed filter materials, and in the H ditch, in which only zeolite was used, are shown in Fig. 6 . 
Transplanting was performed from April 20 to May 20. Aquatic plants such as swamp cabbage, Chinese 
arrowhead, taro (Colocasia esculenta S.C.) and papyms were planted in the M ditch while terrrestrial 
plants such as tomato, basil (Ocymum basilicum L.), mint (Mentha spp.) and kenaf were planted in the H 
ditch. The initial 5 mg L _1 T-N concentration of the effluent from the H ditch decreased to 0.4 mg L _l 
when the growth rate of the terrestrial plants increased markedly at 6 weeks after planting. On the other 
hand, T-N concentrations of the effluent from the M ditch ranged from 0.21 to 0.54 mg L _1 . 

The T-P concentration of the effluent from the H ditch ranged from 1.10 to 4.69 mg L _l while in the M 
ditch, from 0.01 to 1.63 mg L _l (Fig. 7). Tables 1 and 2 indicate the total N and P contents of the 
effluents from the M ditch in summer. From August to September, the total N and P concentrations were 
lower than those corresponding to the environmental water quality standards (T-N £ 0.4 mg L 1 , T-P £ 
0.03 mg L" 1 ) in Kasumigaura Lake 4 ). Swamp cabbage, taro, tomato and garland chrysanthemum 
(Chrysanthemum coronarium L.) planted in the Kanuma soil showed similar growth rates to those when 
planted in zeolite. Moreover, no evidence of micronutrient deficiency symptoms was observed. 
Especially, the height of the taro plants was 2.3 m and the yield was 22 kg nr 2 (Fig. 8). 


Applications of the BGF ditch system 


The members of the family who 
evaluated the resource recycling 
system using BGF ditches, 
reassessed their previous lifestyle 
and paid much attention to the 
cycle of resources. Since they 
voluntarily stopped using chemical 
pollutants such as bleach and 
synthetic detergents, the water 
from their BGF ditches became 
very clear and odorless. In the fish 
culture pond to which the water 
was discharged, fishes like 
killifish, loach and goldfish started 
breeding and dragonfly larvae and 
frogs built their habitat, creating an 
ecosystem similar to that of a 
natural pond. 
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Fig.9. Tomato harvest in BGF in ditch (August 1996) 

The family ate tomato (Fig. 9), taro, swamp cabbage, garland chrysanthemum, radish (Raphanus sativus 
L.), and other crops grown in the ditch. The family also enjoyed a bath using the herbs harvested from 
the ditches. Moreover, in their papermaking classes, the pupils of the elementary schools in Tsukuba, 
Ibaraki Prefecture, became interested and tried to make paper out of the papyrus cultivated by the BGF 
ditch system. 

In addition to the water purification function, the BGF system could supply the following functions: 

1. Domestic waste water facilities for rural communities to provide parks with water amenities and areas 
to enjoy the waterside; 

2. Facilities for islands and arid areas to recycle water resources and essential nutrient elements; 

3. Horticultural facilities to efficiently use fertilizer resources and provide people with places for 
enjoying recreational and other activities; 

4. Facilities for households to use home gardens, flower beds, and hedges; 

5. Facilities for schools, nurseries, and similar establishments to provide children with areas for 
environmental education and nature observation; and 

6. Facilities for hospitals, schools for handicapped children, homes for senior citizens and for providing 
patients and others with areas for herbal therapy. 

Conclusion 

This study showed that domestic wastewater treated in a combined anaerobic/aerobic treatment plant 
became an excellent liquid fertilizer with a balanced nutrient composition. Consequently, by using this 
liquid for water culture of vegetables and useful plants, the natural cycle of resources and water 
purification could be achieved simultaneously. 

The rapid population growth and increase in human activities today generate environmental issues. 
Population problems are not only due to food and agriculture production but also to the person's lifestyle 
including eating habits. For nature and human beings to coexist in a harmonious community, it is 
necessary to change the way of life into a more eco-friendly one. 
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Fig. 6. Nitrogen purification of BGF ditches planted with useful plants in summer 1997 


O 


.Back 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/ozaki/f6.htm [10/7/2002 9:16:52 PM] 







Fig. 7. Phosphorus purification of BGF ditches planted with useful plants in summer of 1997 


O 


.Back 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/ozaki/f7.htm [10/7/2002 9:16:54 PM] 






Table 1 


Table 1. Total nitrogen purification from domestic wastewater effluent by BGF ditch planted w ith aquatic 
plants in summer 1997 


Date 


Influent 



Effluent 


Removal 

rate 


Flow rale 

<Ld‘) 

Concentration 
(mg L' 1 ) 

Loading rate 
(gm‘ 2 d*') 

Flow rate 

<Ld') 

Concentration 
(mg L ‘) 

Removal 

<%> 

(gm 2 d‘) 

June 

372 

20.22 

0.96 

271 

038 

99.0 

0.95 

July 

419 

30.73 

1.65 

252 

031 

99.4 

1.64 

August 

42S 

28.51 

1.55 

283 

0.26 

99.4 

1.54 

September 394 

24.17 

1.22 

308 

0.29 

99.2 

1.21 

Mean 

403 

25.90 

135 

279 

031 

993 

134 


note: 1) Bed filter materials: Kanuma soil and zeolite. 

2) Transplanting of aquatic plants was terminated on May 20,1997. 

3) Transplanting of winter plants started on October 1, 1997. 


Table 2. Total phosphorus purification from domestic wastewater effluent by BGF ditch planted with 
aquatic plants in summer 1997 


Date 


Influent 



Effluent 


Removal 

rate 

Flow rate 
(Ld 1 ) 

Concentration 
(mg L 4 ) 

Loading rate 
(gm 2 d ') 

Flow rate 

(Ld‘) 

Concentration 
(mg L’ 1 ) 

Removal 

<%) 

(gm* 2 d*') 

June 

372 

6.25 

030 

271 

0.70 

933 

0.28 

July 

419 

6.88 

037 

252 

0.12 

99.0 

037 

August 

425 

6.78 

037 

283 

0.03 

99.7 

037 

September 

394 

6.55 

033 

308 

0.01 

99.9 

033 

Mean 

403 

6.62 

034 

279 

0.22 

98.0 

034 


note: 1) Bed filter materials: Kanuma soil and zeolite. 

2) Transplanting of aquatic plants was terminated on May 20,1997. 

3) Transplanting of winter plants started on October 1,1997. 
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Determination and Simulation of Soil Moisture Dynamics 
in Upland Fields in the Cerrados Area (Brazil) 

Kazuhiko OHBA 

Department of Agro-Enviromental Management, Kyushu National Agricultural 
Experimental Station (Nishigoshi, Kumamoto, 861-1192 Japan) 

Abstract 

The objective of the studies was to analyze the soil moisture dynamics of upland fields in the Cerrados 
area of Brazil. Soil moisture level obtained by using tensiometers set in the soil layers was compared 
with the soil moisture dynamics simulated by the TANK-model. It was found that the actual soil 
moisture dynamics agreed well with the simulated results, suggesting that the TANK-model could be 
used to predict the soil moisture dynamics of upland fields based on meteorological and soil property 
data. 

Disciplines: Agro-meteorology, Irrigation, drainage and reclamation 
Additional key words: water balance, TANK-model, groundwater 

-12); References 
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Introduction 

The Cerrados of Brazil account for about 21% of the total land area (850 x 10 4 km 2 ). The annual mean 
temperature ranges between 22 in the southern part and 27 in the northern part. The monthly mean 
temperature at CPAC (Centro de Pesquisa Agropecuaria dos Cerrados) located in the center of this area 
ranges from 26.7 in October to 17.7 in July. Although the annual precipitation in this area is known to 
be in the range of 1,200-1,800 mm, 90% is concentrated in the warm rainy season from October to April. 
However, this warm rainy season is often interrupted by a relatively longer dry spell called "Veranico." 
During the remaining period of the year, the weather is dry with little precipitation. 

Therefore, crop cultivation in this area is strongly affected by hydrological conditions as mentioned 
above. Major techniques for improving and stabilizing crop production in the area aim at the 
development of irrigation practices appropriate to the natural and farming conditions of this area, 
selection and cultivation of crop species and/or cultivars with higher drought resistance, and development 
of cropping systems suitable for the annual hydrological conditions. 

The data on soil moisture dynamics play an important role in developing more appropriate farming 
systems in this region with a relatively longer dry spell. For this reason, several researchers 3 ’ 7 ’ 9 ’ 10 ) have 
studied the seasonal and geographical changes of potential and actual evapotranspiration in the Cerrados 
area. However, research on the soil moisture dynamics of crop fields in this area is too limited to enable 
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the development of farming systems appropriate to the climatic conditions. 

Modelling of waterbalance of upland fields 

Data on soil moisture dynamics in surface soil layers (root zone) are very important to determine the 
initial and final time of application of irrigation water into crop fields. These data play also an important 
role in preventing the occurrence of nitrogen pollution of the soil in the root zone and shallow 
groundwater caused by long applications of nitrogen fertilizer. 

Several methods have been applied to study the soil moisture dynamics in upland crop fields 8 ’ 11 ’! 2 ). In 
this paper, the TANK-model developed by Ohta et al. (1990) 8 ), which was originally designed to predict 
evapotranspiration and the soil moisture level in upland fields consisting of Kanto loam, was applied to 
simulate the soil moisture dynamics in upland fields in the Cerrados area. 

As shown in Fig. 1 , the TANK-model consists of 5 tanks and a groundwater tank. The first tank 
corresponding to the first surface soil layer has 2 holes (e 0 and e 3 ) for water evaporation, one hole (P]) 
for deeper percolation of water, and one hole (rj) for surface runoff of precipitation. Each tank from the 
second tank to the fifth one has, respectively holes (E ls E 2 , E 3 , E 4 , E 5 ) for rupture of capillary water rise 
and holes (P 2 , P 3 , P 4 , P 5 ) for deep percolation of water. The 2 holes for evaporation of the first tank 
mentioned above were utilized to simulate the following 2 stages of evaporation of water 1 ); first 
evaporation hole (e 0 ) simulates the constant-rate stage of evaporation, and second evaporation hole (e 3 ) 
simulates the falling-rate stage of evaporation. 

The water balance in the first tank is mathematically represented in Fig. 1, by the following equations: 

H^Sjo+Rq -( 1 ) 

Q = (H 1 -P 0 )xr 1 -(2) 

ET= (. H r E 0 ) x e 0 (H r Ej) x ej -(3) 

Py = (Hj-Pj) xpj -(4) 

3 1 = H 1 -(Q+ET+F 1 ) -(5) 

In equations (1) A (5), Q, ET, and F are the surface runoff (mm/day), evapotranspiration (mm/day), and 
percolation (mm/day), respectively; Hj and S 10 are the daily retention (mm/day) and storage change in 
the previous day in the first tank. R 0 is the precipitation on that day (mm/day). r h e 0 , e h and p 1 are the 
coefficients of ground surface mnoff, evapotranspiration, and percolation, respectively. 

The water balance in the second tank can then be written as: 


H 2 = S 20 +Fi -( 6 ) 

MT 2 = (H 2 -E 2 ) x e 2 -(7) 

F 2 = (H 2 -P 2 ) xp 2 -( 8 ) 

S' 2 = H 2 -(MT 2 +F 2 ) -(9) 


Where MT 2 is the capillary rising water (mm/day). 
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As indicated previously, the water budget from the third to the fifth tank can be expressed by equations 
(6) A (9) in a similar way. The groundwater level is calculated from 

h 6 =s 60 +f 5 -(10) 

F 6 =H 6 XP6 -(ID 

Q 2 = H 6 xr 2 -(12) 

S 6 =H 6 -(F 6 +Q 2 ) -(13) 

Sf= Sj+S 2 +Sj+S^+S^ -(14) 

Where S 6 ,F 6 , Q 2 and S T are the groundwater level (mm), groundwater percolation (mm/day), discharge 
of groundwater (mm/day) and sum of storage soil-water amounts, respectively. r 2 is the coefficient of 
discharge across groundwater movement. The subscripts 1~6 refer to the number of tanks, respectively. 

The hydrological behavior of these tanks was characterized by hydrological constants as shown in each 
tank. These constants were estimated using experimental data on the soil-water relations in this area. The 
unit of calculation in the water balance was represented in terms of the water depth, and the volumetric 
water content corresponds to the thickness of the soil layer. 


I -Experimental method- 
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Fig.l. Schematic illustration of the TANK-model 
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Experimental method 

1) Geographical characteristics of experimental fields 

Fig. 2 illustrates the aerial distribution of soils and vegetation, and topographical characteristics of the 
experimental fields at the CPAC in Brazil. This figure was quoted from Hayasaka 2 ). As shown in Fig. 2, 
the experimental fields can be divided into 3 parts such as tertiary peneplain, diluvial declining slope, and 
alluvial deposit area. The diluvial declining slope can be furthermore classified into 3 subparts such as 
upper, middle, and lower parts. The most representative soil in the Brazilian Highlands is a latosol 
(oxisol in 4s soil Taxonony). 

However, soil types in the experimental fields ranged from red-yellow latosol on the Tertiary preneplain, 
through dark-red latosol in the middle subpart of the diluvial declining slope and hydromorphic soil in 
the lower subpart of the diluvial declining slope, to organic soil on the Alluvial deposit part. 

2) Physical characteristics of vertical profiles in each pit 

In Fig. 2, Pit 1, Pit 2, and Pit 3 are located, respectively, in a non-irrigated upland field with red-yellow 
soil on the plateau, in an orchard field with dark-red soil on the upper diluvial declining slope, and in an 
irrigated upland field with dark red soil on the middle diluvial declining slope. 

When the soil moisture corresponded to the field capacity, solid phase of soils collected at Pit 1, Pit 2, 
and Pit 3 was found to range from 35 to 45% of the volume. The saturated hydraulic conductivity of 
these sample soils changed from 10" 2 to 10" 3 cm/s. The vertical profile of the soil moisture level in the 
sample soil columns was found to be rather even, indicating that soil water can move very freely upward 
and / or downward. The groundwater levels at Pit 1 and Pit 2 were about 5 m and 2 m, respectively. 


Soil moisture and meteorological data and calculation method 
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1) Method of measurement of soil 
moisture 

As described already, in this report, 
the soil moisture dynamics 
simulated by the TANK-model 
using soil hydraulic constants 
estimated from experimental data 
was compared with the soil 
moisture data obtained by Hayasaka 
in upland fields in this area 
(personal communication). 

Fig.3. Method of measurement of 
soil moisture content 2 ) 

As shown in Fig. 3, each Pit was a 
rectangular solid structure with 4 
sides (square) measuring each 1.2 
and 5.0 m in depth. The tensiometer 
was set up with the pit walled in on 
one side. The soil moisture data at 
these pits were obtained using 
tensiometers set in the soil at an 
interval of 25 cm from the surface 

up to a 400 cm depth. Observation data of groundwater level and soil moisture tension in upland fields of 
the Cerrados were continuously obtained at 3 A 7 days intervals during the period between 1983 and 1985. 
The soil moisture could not be measured in the soil layer of the ground surface in the dry season in and 
after April. 



Groundwater level 

(A) Structure of pit 


Fig. 3 


2) Water characteristics of soils in the Cerrados 

Fig. 4 shows the water content - pF curve for representative soils obtained using undisturbed soil 
samples (red-yellow and dark-red latosols) 2 > 4 ’6,7) Using a non-linear regression analysis, it was found 
that the following polynomial expression could approximate the dependence of the volumetric soil 
moisture content (7: %) on the pF-value (X): 


Y= l.OIX 2 - 5.38X 2 - 5.31X + 64.76-(15) 


The above equation can be used to estimate indirectly and easily the volumetric soil moisture from data 
of pF-value or soil-water suction (head cmH 2 0) obtained by tensiometers. 


3) Simulation method of soil moisture dynamics 

The quantitative water movement in the soil profile can be predicted by the optimized simulation tank 
model. In the model each soil layer was considered as a tank having holes at different heights 
representing the water balance parameters including surface runoff, deep percolation, capillary water rise 
and evapotranspiration. Hole heights representing the limited magnitude of the parameters were 
determined based on the soil physical properties, namely water constants. Hole diameters representing 
the coefficient of the respective parameters in the model were determined by simulating the measured 
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values. 


The individual tanks (Pits 1 & 3) of the TANK-model corresponded to the 0-50, 50-100, 100~200, 
200-300, and 300-400 cm soil layers, and Pit 2 corresponded to the 0-50, 50-100, 100-150 and 
150-200 cm soil layers, respectively. In the soil layer of Pit 2, the groundwater level appeared at about 
200 cm. The measurements of the soil-water suction were performed in the upland field of the campus of 
CP AC. The measurements of the groundwater level were performed at staff gauges in the individual 
experimental sites. The soil moisture dynamics was simulated by the TANK-model using meteorological 
data, namely air temperature, solar radiation, wind speed, humidity, data (precipitation and evaporation 
of class A pan) obtained at the weather station of CPAC (15ce35' S, 47ce42' W, SL : 1,000 m) during the 
period between 1978 and 1990. 


1- Results and discussion- 
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Fig.2. Distribution of soils and their relation to the topography and vegetation 2 ) 
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Fig.4. Curve of moisture characteristics of Cerrados soils 
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Results and discussion 


® 1--12). References 

Results and discussion 

1) Frequency of occurrence of "Veranico" phenomenon 

As is well known, the term "Veranico" refers to a continuous period without rainfall exceeding 6 days 
during the rainy season. The frequency of occurrence of the "Veranico" phenomenon was investigated 
using daily precipitation data obtained at CPAC during the period from 1978 to 1990. It was found that 
the Veranico phenomenon is most frequent during the period from December to February. 

During this study, the longest duration of the Veranico phenomenon was 32 days for the period between 
February and March. The frequency of occurrence of the Veranico phenomenon over a 20 day period 
was found to be about 4 times per year. Due to the Veranico phenomenon, upland crops in this area were 
damaged by drought, at a frequency of once every 3 years. 

2) Application of TANK-model to the prediction of the soil moisture dynamics in upland fields 

In semiarid and arid regions with a distinct dry spell in a year, crop production is markedly affected by 
the amounts of soil moisture available in the root zone. Therefore, the TANK-model as described in Fig. 

1 was used to simulate the soil moisture dynamics in upland fields, using each coefficient empirically 
estimated. The coefficients are listed in Table 1. The simulation results so obtained were compared with 
the data on the soil moisture dynamics obtained at the individual experimental sites (Pits 1 & 2). 

Figs. 5 and 6 show the seasonal changes in related meteorological data and the amounts of soil-water 
stored in each soil layer at different depths. The observation data of the amounts of soil-water can be 
calculated by equation (15) with the mean soil-water suction obtained with a tensiometer in each soil 
layer. The soil moisture dynamics simulated by the TANK-model was also presented to evaluate its 
applicability to upland fields. Comparison between the observed and simulated results was made using 
the meteorological data in 1984 with little precipitation. 

As shown in Figs. 5 and 6, although there was some discrepancy between the observed soil moisture 
(circles) and simulated soil moisture (solid lines) data, it appears that the seasonal changes in the soil 
moisture of the upland fields simulated by the TANK-model agreed well in general with those 
determined with the tensiometers. 

Soil moisture dynamics (S l5 S 2 , S 3 , S 4 ) in each soil layer simulated by the TANK-model using weather 
data agreed well with the measured soil moisture dynamics (E) with an error of +10%. Furthermore, the 
estimation error for the soil moisture dynamics (S T ) in the total root zone decreased by about +5%. 
Seasonal changes in the observed groundwater level (GWL) were found to follow those (Sg) simulated 
by the TANK-model. 

This general agreement indicates that the TANK-model can be applied to simulate seasonal changes in 
the soil moisture of upland fields using data on meteorological conditions and hydraulic characteristics of 
soils. 

The calculation of the water balance for the root zone of upland fields revealed that the maximum deep 
percolation of water and the maximum capillary rise of water in this experimental field were 4.0 mm/day 
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Results and discussion 


and 1.8 mm/day, respectively. Expected maximum capillary water rise in this field agreed well with the 
recovery rate of the soil moisture in volcanic ash soils (Japan) during the night 12 ). The runoff ratio 
calculated for the upland fields during the experimental period was found to be 26.3%, with a good 
agreement with that obtained in flat upland fields of Japan 5 ). 

3) Soil moisture dynamics during the "Veranico" period 

The weather data during the Veranico period in 1981 were used to analyze the soil moisture dynamics for 
a longer and stronger Veranico period. The soil moisture dynamics simulated by the TANK-model using 
Pit 1 for this period are shown in Fig. 7, which indicates that soil moisture in the surface soil layer (0~50 
cm) decreased very drastically with the start of the Veranico phenomenon. 

That is, the soil moisture in this layer decreased from 200 mm at the beginning (Jan. 31) to 156 mm at 
the end (March 15), because of the very high evaporation loss of water from heated soil surface and the 
absence of rainfall during this period. The soil moisture at the end (March 15) was about 70% of the field 
capacity of soils. For this reason, the growth and yield of the soybean crop in this year were severely 
reduced due to the considerable shortage of available soil moisture in the root zone. 

The author thanks Dr. Z. Uchijima, Miyazaki Municipal University, for the correction of this report, and 
Drs. T. Hayasaka, N. Kosuge and T. Morinaka for their continued support. 
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Table 1. TANK coefficient used to estimate the soil moisture 


Percolation level (mm) Percolation coefficient Discharge 



P, 

P 2 

Pt 

P< 

P S 

Pi 

Pj 

Pj 

P« 

Ps 

P* 

R. 

ri 

12 

Pit 1 

205 

197 

361 

343 

332 

0.5 

0.5 

0.3 

0.2 

0.1 

0.0001 

220 

1.0 

0.001 

Pit 2 

205 

190 

180 

180 

— 

0.5 

0.5 

0.3 

0.2 

— 

0.005 

220 

1.0 

0.02 


Evapotranspiration level (mm) Evapotranspiration coefficient 

and capillary rising level (mm) and capillary rising coefficient 

_ Ei Ei Ei E> Es _ Co ci c i ej e« e5 

Pit 1 160 135 160 320 320 0.06 0.03 0.02 0.01 0.0 0.0 

Pit 2 160 135 160 160 — 0.06 0.03 0.02 0.01 0.0 — 
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Fig-5. 

Comparison of estimated values of soil moisture, 
groundwater level and evapotranspiration at Pit 1 with 
observed values 
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Fig.6. 

Comparison of estimated values of soil moisture, 
groundwater level and evapotranspiration at Pit 2 
with observed values 
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Analysis of Interaction Between Surface Water and Groundwater Using 222Rn 


Analysis of the Interaction between Surface Water and 
Groundwater Using Radon-222 

Hiromasa HAMADA 

Department of Regional Resources, National Research Institute of Agricultural 
Engineering (Tsukuba, Ibaraki, 305-8609 Japan) 

Abstract 

It is essential to analyze the interaction between surface water and groundwater in order to use water 
effectively and predict water quality. The conventional method of analysis, however, measures only the 
flow of a stream and can not determine groundwater seepage accurately. Since the concentration of 
Radon-222 ( 222 Rn) in groundwater is much higher than in surface water, the use of 222 Rn was examined 
as an indicator for the analysis of the interaction between surface water and groundwater. Measurement 
of the 222 Rn concentration in surface water was conducted to detect groundwater seepage into a stream. 
Furthermore, the simultaneous movement of water both into and out of a stream from the underlying 
strata was quantified by solving the 222 Rn and water balance equations. 

Discipline: Irrigation, drainage and reclamation 
Additional key words: 222 Rn balance, water balance 

® References 

( Received for publication, February 9, 1999 ) 


Introduction 

It is essential to analyze the interaction between surface water and groundwater in order to use water 
effectively and predict the water quality. The conventional method of analysis, however, measures only 
the volume of flow in a river. As a result, only the difference between groundwater seepage from the 
river’s bed into the river and river water percolation into the underlying strata can be determined, and it 
is impossible to quantify both if they occur simultaneously. Therefore, since the concentration of 222 Rn 
in groundwater is much higher than in surface water, 222 Rn was used to develop a new method of 
quantifying both groundwater effluent and river water influent, even when they occurred at the same 
time. 


Methodology 

1) Characteristics of 222 Rn 

222 Rn is a radioactive gas generated by the decay of 226 Ra in strata, with a half life of about 1600 years. 
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Analysis of Interaction Between Surface Water and Groundwater Using 222Rn 

When water infiltrates the strata, 222 Rn concentration in water increases along with the increase of 
radioactivity. After ~ 3 weeks, an equilibrium is reached between the supply, from the decay of 226 Ra, 
and loss, through the decay of 222 Rn, which has a half life of 3.8 days. Thus, the concentration levels off. 
When water leaves the strata as seepage or from a spring, 222 Rn concentration begins to decrease, since 
the supply of 222 Rn has ceased. Thus, the concentration in the groundwater is much higher than in the 
surface water. It is possible to determine where groundwater seeps into a river based on the distribution 
of 222 Rn in water. Furthermore, the solution of the 222 Rn and water balance equations enables to analyze 
quantitatively groundwater effluent and river water influent. 

222 Rn in river water is supplied both by groundwater seepage and directly from the sediments of the river 
bed. Since the latter is negligible, groundwater seepage, therefore, can be treated as the only source of 
222 Rn in river water. 

222 Rn is lost through river water infiltration, dispersion to the atmosphere and radioactive decay of 
222 Rn. River water infiltration affects the total amount of 222 Rn but not the concentration. The amount of 
dispersion of 222 Rn to the atmosphere is evaluated by assuming that there is a stagnant film which is the 
boundary layer between water and air (Fig. I) 1 ). 


222 Rn c on c entrati on ™ 

* 222 Rn 

. Atmosphere 

Flow 

Stagnant film 


siH 

Riverbed Fig. 1. 

Stagnant film 


The decrease in the 222 Rn concentration in river water by dispersion to the atmosphere and by 
radioactive decay is expressed as follows: 

C 2 = Ci exp(-aL).(1) 

a = ( D/zhv )+»/v.(2) 

where 

C] = 222 Rn concentration at an upstream station (Bq/m 3 ); 

C 2 = 222 Rn concentration at a downstream station (Bq/m 3 ); 

D = molecular diffusivity of 222 Rn (1.2 x 10' 9 m 2 /s at 20); 
z = thickness of a stagnant film (m); 
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Analysis of Interaction Between Surface Water and Groundwater Using 222Rn 

h = average depth of a stream (m); 
v = average velocity of a stream (m/s); 

» = decay constant of 222 Rn (2.08 x 10 -6 s _1 ); 

L = distance between stations (m). 

It has been reported that the thickness of a stagnant film is about 20 1 Am when the distance between 
stations is several kilometers 2 ’ 3 ). It is, therefore, possible to calculate the 222 Rn loss in a stream after 
measuring the average depth and velocity. 

The amount of 222 Rn supplied by groundwater is expressed by the following equation, assuming that 
groundwater flows into a river uniformly: 

m = qC g { l-exp(-aL)}/a.(3) 

where 

m = 222 Rn amount supplied by groundwater (Bq); 
q = groundwater flux (m 2 /s); 

C g = 222 Rn concentration in groundwater (Bq/m 3 ). 

Using these equations, the 222 Rn balance equation for a stream can be derived. 

2) Measurement of 222 Rn 

The 222 Rn concentration in water was measured using a liquid scintillation counter after extraction with 
toluene 5 ). This method utilizes the greater solubility of 222 Rn in toluene than in water. 

In a field, sample water was poured carefully into a vessel and toluene containing scintillators (PPO 4 
g/L and POPOP 0.1 g/L) was added. The closed vessel was shaken, and toluene was collected into a vial. 
The vials were then sent to the laboratory, and the radioactivity was counted for 50 min using a liquid 
scintillation counter (Packard 2250 CA for groundwater and Aloka LB-II for surface water) for 50 min. 
On the basis of the count rate, the 222 Rn concentration in groundwater was calculated after 4 corrections, 
i.e. background, counting efficiency, extraction rate and decay. 

In the case of groundwater, 40 mL of toluene was added to 500 mL of water and toluene was collected 
into a 20-mL glass vial. Since the 222 Rn concentration in river water is lower than in groundwater, a 
large amount of water was necessary. In this investigation, 150 mL of toluene was mixed with 10,000 
mL of river water and toluene was collected into a 100-mL Teflon vial. The detection limits were 0.04 
Bq/L for groundwater and 0.004 Bq/L for river water. 

3) Field investigation 

The investigation undertaken to determine where groundwater seeped into a stream using the distribution 
of 222 Rn concentrations was carried out along a stream in Kyonan City, Chiba Prefecture in an area that 
had been subjected to a landslide. Downstream in this study area, it was inferred that groundwater flowed 
into the stream 4 ). The 222 Rn concentration in the stream water and the volume of flow were measured at 
intervals of 20 m. 

The investigation undertaken to quantify the groundwater effluent and river water influent was conducted 
in the Omoi River basin, Tochigi Prefecture. Since this area is an alluvial fan where many paddy fields 
are located, active exchange between river water and groundwater was expected. The 222 Rn 
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concentration in river water and groundwater, flow, water temperature and the groundwater level were 
measured. The investigation was carried out in June, a period coinciding with irrigation in Japan. 


I- Results and discussion- 
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Results and discussion 


1. Detection of groundwater seepage into a stream 

The results of the investigation in the downstream landslide area are shown in Fig. 2. Since the 222 Rn 
concentration increased markedly in section 14-15, it was obvious that groundwater seeped into the 
stream in this section. Although the seepage increased the volume of flow in the stream, measurement of 
only the flow volume may be misleading. For example, in section 15-16, even though the flow volume 
increased, the 222 Rn concentration decreased exponentially. No groundwater seepage at all was detected 
downstream from observation point 15. Thus, measurement of the 222 Rn concentration in surface water 
enables to detect groundwater seepage more accurately than by measuring only the flow volume. 

2. Quantitative between river water and groundwater 

Fig. 3 shows the observation points and the analytical model for the exchange between river water and 
groundwater. It was assumed that influent and effluent seepage was uniform since there was no change in 
the geology. Substituting h=0.48 m, v=0.36 m/s and D=l.l x lO 9 m 2 /s into the Equation (2), "a" was 
calculated to be 0.3 km -1 . 

The water balance is: 

Q 2 = Qi+Qg-Qr.(4) 

Where 

Q 1 = flow at the upstream station (m 3 /s); 

Q 2 = flow at the downstream station (m 3 /s); 

Q g = groundwater effluent (m 3 /s); 

Q r = river water influent (m 3 /s). 

The 222 Rn balance is expressed as follows: 

C 2 Q 2 = [ C!Q!exp(-aL)+C g Q g {l-exp(-aL)}/aL](l-P).(5) 

P = Q r /( Qi+Qg ).(6) 

Where 

Ci = 222 Rn concentration in river water at the upstream station (Bq/m 3 ); 

C 2 = 222 Rn concentration in river water at the downstream station (Bq/m 3 ); 

C g = 222 Rn concentration in groundwater (Bq/m 3 ); 

L = distance between the stations (9 km). 

The term (1-P) refers to river water infiltration. Table 1 shows the results of the investigation. 222 Rn 
concentration is an average value. Groundwater effluent was calculated to be 1.3 m 3 /s and river water 
influent to be 4.1 m 3 /s. 

Using only the water balance, the amount of groundwater effluent can be considered to be zero and river 
water influent to be 2.8 m 3 /s. It was shown, however, that groundwater seeped into the river, because the 
222 Rn concentration at the downstream station was higher than at the upstream station. Therefore, the 

http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/hamada/hamada2.htm (1 of 2) [10/7/2002 9:17:28 PM] 







proposed method gave more accurate results than the conventional method, in which only the water 
balance was calculated. 

Conclusion 

222 Rn was used as an indicator for analyzing the interaction between surface water and groundwater. 
Since the 222 Rn concentration in groundwater was much higher than in surface water, it was possible to 
detect groundwater seepage into a stream by measuring the 222 Rn concentration in surface water. 
Furthermore, by solving the 222 Rn and water balance equations, the amounts of groundwater effluent and 
river water influent occurring simultaneously were quantified along a section of a river flowing among 
paddy fields. The results obtained were more accurate than when the conventional method was used, in 
which only the water balance was calculated. Thus, the method using the 222 Rn concentration in water as 
an indicator is suitable for the analysis of the interaction between groundwater and surface water. 
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Observation points and analytical model 
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Table 1 

Table 1. Results of analysis of the exchange between river water and groundwater 


Site 1 

Ci 

0.80 x 10 3 


Qi 

8.2 

Site 2 

c 2 

1.2 x 10 3 


q 2 

5.4 

Groundwater 

C g 

24 x 10 3 


Qg 

1.3* 

River water 

Qr 

4.1* 


C : 222 Rn concentration ( Bq/m 3 ), 

Q : Flow ( m 3 /s), 

*: Calculated value using Eqns.(4), (5) and (6). 
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Effects of Medium Conditions on Adventitious Bud 
Formation in Immature Mulberry Leaves 

Hiroaki YAMANOUCHI, Akio KOYAMA and Hiroaki MACHII 

Department of Sericulture, National Institute of Sericultural and Entomological 
Science 

(Tsukuba, Ibaraki, 305-8634 Japan) 

Abstract 

Immature mulberry leaves isolated from winter buds were cultured on MS media 7 ) differing in the 
nitrogen source, sugar(s) or pH, or containing various kinds and concentrations of plant hormones, 
antibiotics or a herbicide. The ratio of the concentration of nitrate ion to that of ammonium ion 
remarkably affected the frequency of adventitious bud formation (FABF) and ratios in the ranges of 1:1 
and 3:1 were optimum. The most suitable sugars for adventitious bud formation were sucrose, glucose 
and fructose among the tested sugars. The highest FABF was usually observed in the medium containing 
1 VaM thidiazuron and the addition of VAM abscisic acid further enhanced FABF. Changes of pH and 
addition of other plant hormones did not produce better results than in the control. Kanamycin, geneticin, 
hygromycin and bialaphos suppressed adventitious bud formation, showing that the antibiotics and the 
herbicide may be effective for the selection of transgenic plantlets of mulberry. 

Discipline: Biotechnology 

Additional key words: nitrogen source, sugar, thidiazuron, abscisic acid, antibiotic 
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Introduction 

Stable regeneration systems of crops are important for the application of more advanced techniques, i.e. 
genetic transformation by introduction of foreign gene(s). First successful adventitious bud formation of 
mulberry was reported by Oka and Ohyama 11 ), who were able to induce adventitious buds on leaves 
removed from shoots cultured in vitro. On the basis of the first report, a more convenient single-step 
adventitious bud induction method was developed, whereby adventitious buds were formed on cultured 
immature leaves isolated from winter buds of field-grown mulberry 13 ). It is also possible to induce 
adventitious buds by culturing immature leaves isolated from lateral buds (unpublished data). 

Presently, immature leaves inside of winter buds or in lateral buds are the most suitable materials for use 
for plant regeneration through tissue culture of mulberry for 2 reasons. First, stable regeneration of 
plantlets was observed only when 2 materials, i.e. immature leaves and leaves of cultured shoots were 
used. Adventitious bud formation on cultured immature leaves 5 ’ 7 ’ 12-15 ’ 17-19 ) and leaves of cultured 
shoots 11 ) of mulberry was reported for many cultivars by a large number of researchers. Second, a large 
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number of materials can be collected easily from the field. Preparation of the leaves of cultured shoots 
requires previous shoot culture, which is laborious and takes time as in the case of the culture of leaves 
from cultured shoots. In the case of immature leaves inside of terminal buds, the number of explants is 
limited. Only several dozens of terminal buds can be obtained from a mulberry tree grown in the field, 
whereas several hundreds of winter or lateral buds can be obtained from the same tree 17 ). 

This method can be applied to a limited number of mulberry cultivars (unpublished data). Although there 
are several reports on the improvement of this culture system 5 ’ 7 ’ 18 ), optimum culture conditions, 
especially medium conditions, have not been fully elucidated. In this report, we studied the optimum 
medium conditions for adventitious bud formation using immature leaves isolated from winter buds. 
Furthermore, we examined the suppressive effect of antibiotics and of a herbicide on adventitious bud 
formation to identify suitable one(s) for selection of transformed plants. 


Materials and methods 

1) Plant materials 

Winter buds of mulberry (Morus spp. cv. Shin-ichinose, Hayatesakari, Kokuso 21, Unryu, Kyukyokusou, 
Kibajumonji, Garyu, Shidareguwa, Jikunashi, Ryomensou, Shinjiro, Keikansou and Turugisansou) 
grown in the field were used in this study. 

2) Medium 

(1) Effect of nitrogen sources 18 ) 

MS medium 8 ) containing 3% fructose, 514M 6-benzylaminopurine (BAP) and 1% agar, and B5 medium 3 ) 
containing 2% fructose, 5 l AM BAP and 1% agar were used as basal media. The media were modified by 
the addition of various concentrations of nitrate ion and ammonium ion (Table 1 ). The media were 
adjusted to pH 5.8 and then autoclaved for 15 min before use. 

(2) Effect of sugars 

MS medium containing 1(MM BAP and 1% agar was used as basal medium. Eight kinds of sugars were 
tested at various concentrations alone or in combination (Tables 2, 3). The sugar(s) were added into the 
basal medium before or after 10 min of autoclaving (Tables 2, 3). In the latter case, a concentrated 
solution of sugar was added into the autoclaved medium. The medium was adjusted to pH 6.0 before 
autoclaving. 

(3) Effect of pH 

Liquid MS medium containing 1014M BAP and 3% fructose was used as basal medium with a filter 
paper as a supporting material. Various volumes of IN HC1 or IN NaOH were added into the medium 
before autoclaving. The medium was autoclaved for lOmin followed by the measurement of the pH. 

(4) Effect of cytokinins 

MS medium containing 1% sucrose, 1% glucose, 1% fructose and 1% agar was used as basal medium. 
BAP, thidiazuron and kinetin were added before autoclaving. In the cases of 2-isopentenyladenine (2-IP) 
and zeatin, a concentrated solution was added into the medium after autoclaving. 

(5) Effect of other plant hormones 

MS medium containing 1% sucrose, 1% glucose, 1% fructose, PAM thidiazuron and 1% agar was used 
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as basal medium. 2,4-dichlorophenoxyacetic acid (2,4-D) and naphthylacetic acid (NAA) were added 
before autoclaving. In the cases of other plant hormones, i.e. 3-indoleacetic acid (IAA), indolebutyric 
acid (IBA), dicamba, gibberellin A 3 , abscisic acid, brassinosteroid and methyl jasmonate, concentrated 
solutions were added into the autoclaved medium. 

(6) Effects of antibiotics and a herbicide 19 ) 

MS medium containing 1% sucrose, 1% glucose, 1% fructose, VAM thidiazuron and 1% agar was used 
as basal medium. Antibiotics i.e. kanamycin, geneticin and hygromycin, and a herbicide, i.e. bialaphos, 
were likewise sterilized by filtering and added into the medium after autoclaving 

3) Leaf culture 

One-year-old elongated mulberry branches were collected in winter and stored in a refrigerator at 2.5. 
The winter buds excised from the branches were sterilized with 70% ethanol for 30 s followed by 0.5% 
sodium hypochlorite solution containing 0.005% Triton X-100 for 15 min. Then, the sterilized materials 
were rinsed 4 times with sterilized distilled water. Immature leaves were aseptically isolated from winter 
buds and were placed on the medium. Culture was conducted at 27 under 14 h light and 10 h dark 
conditions for 30 days. Frequency of adventitious bud formation (FABF) was calculated as the 
percentage of leaves on which adventitious bud(s) were formed to the number of leaves that survived 
after culture. 
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T1 


Concentrations of nitrate ion and ammonium ion in original MS medium 8 ) were 39.4 and 20.6 mM, respectively, and those in original B5 medium 3 ) were 
24.7 and 2 mM, respectively. 

a): All leaves plated on the medium died. 
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t2 

Table 2. Effect of sugar kind on adventitious bud formation of mulberry. 



Adventitious bud formation (%) 

Sugar 

Shin ichinose 

Hayatesakari 

Kokusou 21 


A a ) 

pb) 

A a ) 

pb) 

A a ) 

pb) 

Sucrose 

64 

52 

28 

31 

53 

54 

Glucose 

36 

55 

43 

38 

55 

82 

Fructose 

63 

33 

30 

40 

70 

76 

Maltose 

9 

4 

6 

6 

0 

7 

Lactose 

3 

10 

4 

9 

4 

7 

Galactose 

0 

0 

4 

14 

5 

3 

Xylose 

0 

19 

1 

19 

15 

24 

Mannose 

0 

0 

8 

4 

0 

3 

Sorbitol 

3 

3 

0 

0 

3 

6 

Mannitol 

0 

0 

0 

0 

0 

0 


a) : Sugar was added into the medium before autoclaving. 

b) : Concentrated sugar solution which had been sterilized by filter was added into the medium after autoclaving. 
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Table 3 

Table 3. Effect of sugar kind on the growth of cultured mulberry (cv. Hayatesakari) leaves 


Sugar 

Average length of cultured leaves (mm) 

A a > 

F b > 

Sucrose 

18.5 

21.0 

Glucose 

21.7 

22.8 

Fructose 

22.7 

24.7 

Maltose 

5.1 

6.3 

Lactose 

7.1 

7.8 

Galactose 

11.4 

12.1 

Xylose 

6.5 

10.7 

Mannose 

6.7 

7.3 

Sorbitol 

3.2 

3.6 

Mannitol 

2.8 

2.7 


a), b): See table 2. 
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Results 

1) Effects of nitrogen sources 18 ) 

FABF was remarkably influenced by the changes in the concentration of nitrate ion and ammonium ion 
in the medium (Table 1). Higher FABF than 50% was observed in the medium containing 40 mM nitrate 
ion and 20 and 40 mM ammonium ion in series 1, in the medium containing 25, 40 and 60 mM nitrate 
ion and 20 mM ammonium ion in series 2, and in the medium containing 25 mM nitrate ion and 10, 20 
mM ammonium ion in series 3 (Tablel). When the concentration of total inorganic nitrogen was adjusted 
to 60 mM (series 4), higher FABF than 50% was observed in the medium containing 30-42 mM nitrate 
ion (30-18 mM ammonium ion). These results indicated that the ratio of the concentration of nitrate ion 
to that of ammonium ion was more important rather than the concentration of either ion. It was reported 
that the optimum ratio for adventitious bud formation of apple was in the ranges of 10:1 and 4:1 2 ). The 
most suitable ratio of the concentration of nitrate ion to that of ammonium ion was in the ranges of 1:1 
and 3:1. As for the nitrogen source composition, original MS medium is considered to be suitable for 
adventitious bud formation of mulberry. 

2) Effect of sugar(s) 

Sucrose, glucose and fructose were more suitable for adventitious bud formation than other sugars (Table 

2) . The average length of the leaves cultured on the medium containing each one of these 3 kinds of 
sugars exceeded 18 mm (Table 3). No adventitious bud was observed in the leaves cultured on the 
medium containing mannitol (Table 2). The average length of the leaves cultured on the medium 
containing mannitol was shortest (Table 3). It appeared that there was a positive correlation between 
FABF and the average length of leaves. Meanwhile, there were no apparent differences between the 
average length of leaves which formed adventitious buds and the length of leaves which did not form 
them among the leaves cultured under the same sugar conditions (data not shown). These results mean 
that the sugars suitable for the growth of cultured leaf were also suitable for adventitious bud formation 
and that a higher frequency of adventitious bud formation was not caused by more active growth of 
cultured leaves. The concentrations of sucrose, glucose, fructose and mixtures for suitable adventitious 
bud formation were in the ranges of 2% and 4 % (Table 4). 

3) Effect of pH 

FABF did not vary appreciably among the media, except for the medium with the highest pH (7.18) in 
which FABF was 0% (Table 5). It seemed that adventitious bud formation of mulberry was not 
appreciably affected by the pH of the medium. Since a large amount of precipitation was observed in the 
highest-pH medium, the inhibition of adventitious bud formation at highest pH was probably caused by 
nutrient deficiency. 

4) Effect of cytokinins 

So far, only BAP had been used as a cytokinin for the induction of adventitious buds from immature 
leaves of mulberry 5 ’ 7 ’ 11-13 ’ 17-19) A]] the 3 adenine-type cytokinins used in this study were less suitable 
for mulberry adventitious bud formation compared with BAP (Table 6). Thidiazuron, which is a 
phenylurea compound with a strong cytokinin-like activity 4 ’ 9 ) and which induced adventitious buds on 
the immature leaves isolated from apical buds of mulberry 15 ), induced adventitious buds on the cultured 
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immature leaves isolated from winter buds (Table 7). The optimum concentration of thidiazuron which 
was about 1!4M was approximately 10 times lower than that of BA (Table 7). FABF was higher or 
similar when VAM thidiazuron was used compared with KMM BA in 8 of the 10 cultivars examined, 
although the reverse was observed in 2 cultivars (Table 8). 

5) Effect of auxin, gibberellin A 3 , abscisic acid, brassinosteroid and methyl jasmonate 

The effect of auxin on FABF was not beneficial (Table 9). High concentrations of auxin suppressed 
adventitious bud formation and induced callus, except for IAA (Tables 9,10). Addition of VAM abscisic 
acid promoted adventitious bud formation (Table 11). FABF was not significantly affected by gibberellin 
A 3 , brassinosteroid and methyl jasmonate (Tables 12,13). 

6) Effect of antibiotics and a herbicide 19 ) 

All the antibiotics and the herbicide used in this study suppressed adventitious bud formation (Table 14). 
It was observed that precultured explants were more highly resistant to the antibiotics and the herbicide 
than the non-precultured ones. However, total suppression of adventitious bud formation was observed in 
the medium containing the highest concentration of geneticin, hygromycin and bialaphos even in the case 
of precultured conditions. 


Discussion 

In a previous paper 6 ), successful genetic transformation of mulberry by Agrobacterium Ti-plasmid was 
reported, but the frequency was low. One possible modification for improving the mulberry 
transformation system is to increase the selection efficiency of the transformed organs. In this report, 
investigations were carried out to determine whether the genes that inactivate geneticin, hygromycin and 
bialaphos could be used as selection marker genes. Another possible modification is to improve the tissue 
culture system. We showed that the frequency of adventitious bud formation varied with the medium 
conditions. It may be important to analyze the physiological and molecular biological events that occur 
during the process of adventitious bud formation. 

Callus was induced most efficiently on the medium that did not contain ammonium ion 10 ), on which no 
adventitious buds were formed. It is interesting to note that the optimum ratio of nitrate ion to ammonium 
ion for callus induction of mulberry was different from that of adventitious bud formation, which 
suggested that metabolic alterations affect directly or indirectly adventitious bud formation. 

The kind of sugar rather than the concentration affected FABF. High FABF was observed in the medium 
containing sugar(s) that promoted vigorous growth of leaves, which indicates that metabolic pathways 
play a role in adventitious bud formation. 

Abscisic acid exerted a beneficial effect on adventitious bud formation. It is generally recognized that 
abscisic acid promotes the expression of genes related to the resistance to various stresses 1 ). Since the 
culture environment is a kind of stress, the beneficial effect of abscisic acid on adventitious bud 
formation may be related to stress resistance. 

As mentioned above, various physiological reactions controlled by many genes may be related to 
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adventitious bud formation in mulberry. Many genes expressed during the regeneration process have 
been isolated 20 ). This information is important to improve the tissue culture system of mulberry. On the 
other hand, it was reported that no adventitious buds were formed when immature leaves of sprouting 
winter buds of mulberry were cultured 13 ). We also previously reported that the regeneration potential of 
immature mulberry leaf was lowered and was completely lost with growth, even if the leaf size was 10 
times smaller than that of the mature one 17 ). These observations indicate that the expression of genes 
related to regeneration varies with the development of the organ. On the other hand, adventitious buds 
were formed whereas callus was scarcely formed on the medium containing 10-10014M IAA and 1 'AM 
thidiazuron in this study, although callus was induced from cotyledon by 2-10'4M IAA and 214M 
thidiazuron in a previous study 16 ). These findings imply that the medium conditions and the endogenous 
differentiation potential of explant play a role in adventitious bud formation. Since immature leaf is one 
of the few organs with a potential for differentiation in mulberry, immature leaf culture system of 
mulberry should be used to analyze processes of regeneration. 
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Table 1 


Concentrations of nitrate ion and ammonium ion in original MS medium 8 ) were 39.4 and 20.6 mM, respectively, and those in original B5 medium 3 ) were 
24.7 and 2 mM, respectively. 

a): All leaves plated on the medium died. 




http://ss.jircas.affrc.go.jp/engpage/jarq/33-4/yamanouchi/Table1 .htm (2 of 2) [10/7/2002 9:17:41 PM] 




















Table 2 

Table 2. Effect of sugar kind on adventitious bud formation of mulberry. 



Adventitious bud formation (%) 

Sugar 

Shin ichinose 

Hayatesakari 

Kokusou 21 


A a ) 

pb) 

A a ) 

pb) 

A a ) 

pb) 

Sucrose 

64 

52 

28 

31 

53 

54 

Glucose 

36 

55 

43 

38 

55 

82 

Fructose 

63 

33 

30 

40 

70 

76 

Maltose 

9 

4 

6 

6 

0 

7 

Lactose 

3 

10 

4 

9 

4 

7 

Galactose 

0 

0 

4 

14 

5 

3 

Xylose 

0 

19 

1 

19 

15 

24 

Mannose 

0 

0 

8 

4 

0 

3 

Sorbitol 

3 

3 

0 

0 

3 

6 

Mannitol 

0 

0 

0 

0 

0 

0 


a) : Sugar was added into the medium before autoclaving. 

b) : Concentrated sugar solution which had been sterilized by filter was added into the medium after autoclaving. 
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Table 3 

Table 3. Effect of sugar kind on the growth of cultured mulberry (cv. Hayatesakari) leaves 


Sugar 

Average length of cultured leaves (mm) 

A a > 

F b ) 

Sucrose 

18.5 

21.0 

Glucose 

21.7 

22.8 

Fructose 

22.7 

24.7 

Maltose 

5.1 

6.3 

Lactose 

7.1 

7.8 

Galactose 

11.4 

12.1 

Xylose 

6.5 

10.7 

Mannose 

6.7 

7.3 

Sorbitol 

3.2 

3.6 

Mannitol 

2.8 

2.7 


a), b): See table 2. 
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Table 4 


Table 4. Effect of concentration of sugar on adventitious bud formation in mulberry (cv. Hayatesakari) 


Concentration 
(%; w/v) 

Adventitious bud formation (%) 

Sucrose 

Glucose 

Fructose 

Mixture^ 

1 

15 

17 

28 

22 

1.5 

38 

38 

23 

39 

2 

38 

49 

44 

64 

2.5 

61 

65 

42 

47 

3 

67 

73 

49 

67 

4 

43 

56 

50 

84 

5 

44 

60 

33 

40 


a): Sucrose, glucose and fructose were mixed at the same concentrations. 
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Table 5 

Table 5. Effect of pH on adventitious bud formation in mulberry (cv. Kokusou 21) 


pH of medium 

Adventitious bud 
formation (%) 

3.25 

17 

3.6 

20 

3.88 

40 

4.1 

33 

4.34 

37 

4.54 

33 

5.09 

20 

5.57 

33 

6.16 

20 

7.18 

0 
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Table 6 

Table 6. Effect of cytokinin on adventitious bud formation in mulberry (cv. Hayatesakari) 


Cytokinin 

Concentration ('AM) 

Adventitious bud formation (%) 

BAP 

1 

0 


5 

21 


20 

45 

2IP 

1 

0 


5 

0 


20 

0 

Zeatin 

1 

0 


5 

5 


20 

0 

Kinetin 

1 

0 


5 

0 


20 

0 
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Table 7 

Table 7. Effect of benzyladenine and thidiazuron on adventitious bud formation in mulberry (cv. Hayatesakari) 


Concentration 

Adventitious bud formation (%) 

(V4M) 

BAP 

Thidiazuron 

0.0 

0 

0 

0.05 

nt a) 

0 

0.1 

nt 

0 

0.2 

nt 

13 

0.5 

nt 

25 

1.0 

0 

70 

2.0 

27 

50 

5.0 

22 

0 

10 

50 

nt 

20 

43 

nt 


a): nt; not tested. 
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Table 8 

Table 8. Effect of benzyladenine and thidiazuron on adventitious bud formation in mulberry cultivars 


Cultivar 

Adventitious bud formation (%) 

1(MM BAP 

IVa M Thidiazuron 

Unryu 

36 

34 

Kyukyokusou 

56 

79 

Kibajumonji 

47 

69 

Garyu 

53 

68 

Shidareguwa 

9 

37 

Jikunashi 

44 

16 

Ryomensou 

52 

24 

Shinjiro 

7 

5 

Keikansou 

27 

33 

Turugisansou 

0 

11 
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Table 9 

Table 9. Effect of auxin on adventitious bud formation in mulberry (cv. Hayatesakari) 


Concentration of auxin ( l AM) 

Adventitious bud formation (%) 

IAA | IBA 

NAA | 2,4-D 

Dicamba 

0 (Control) 

46 

32 

31 

35 

46 

0.01 

58 

21 

38 

28 

35 

0.1 

28 

18 

38 

10 

40 

1 

48 

25 

18 

2.5 

7.5 

10 

48 

30 

0 

2.5 

0 

100 

54 

4.2 

nt a) 

nt 

nt 


a): nt; not tested. 
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Table 9 

Table 9. Effect of auxin on adventitious bud formation in mulberry (cv. Hayatesakari) 


Concentration of auxin 

QAM) 

Adventitious bud formation (%) 

IAA | IBA 

NAA | 2,4-D 

Dicamba 

0 (Control) 

46 

32 

31 

35 

46 

0.01 

58 

21 

38 

28 

35 

0.1 

28 

18 

38 

10 

40 

1 

48 

25 

18 

2.5 

7.5 

10 

48 

30 

0 

2.5 

0 

100 

54 

4.2 

nt a) 

nt 

nt 


a): nt; not tested. 


Table 10. Effect of auxin on callus formation of mulberry (cv. Hayatesakari) 


Concentration of auxin 
('AM) 

Frequency of adventitious bud formation (%) 

IAA 

IBA 

NAA 

2,4-D 

Dicamba 

O(Control) 

0 

0 

0 

0 

0 

0.01 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

1 

0 

8 

28 

35 

68 

10 

0 

15 

93 

90 

70 

100 

2 

67 

nt a ) 

nt 

nt 


a): nt; not tested. 
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Table 11 

Table 11. Effect of abscisic acid on adventitious bud formation in mulberry (cv. Hayatesakari) 


Concentration ('AM) 

Adventitious bud formation (%) 

0 

24 

0.05 

33 

0.2 

35 

1 

53 

5 

35 

20 

20 
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Table 14 


a) : nt; not tested. 

b) : All leaves plated on the medium died. 
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Development of an Automatic Steering System for 
Compact Tractor Used in Mulberry Fields 

Toru KOBAYASHI 

Department of Sericulture, National Institute of Sericultural and Entomological Science 
(Tsukuba, Ibaraki, 305-8634 Japan) 

Abstract 

In order to promote sericultural labor saving and to decrease costs, this study was carried out to develop 
an automatic steering system for a compact tractor used in mulberry fields. A new experimental vehicle 
for automatic steering was developed characterized by hydraulic transmission, front-wheel drive, and 
microcomputer control. A magnetic azimuth sensor and an ultrasonic sensor were selected as 
noncontact-type position sensors. Then, the sensor systems were developed to determine the positions 
automatically by using a microcomputer. Moreover, an automatic steering system that consisted of a 
microcomputer (8-bit CPU), the position sensor systems and the vehicle was developed and tested. As a 
result, the system enabled to control the travel of the vehicle in a mulberry field. 

Discipline: Agricultural machinery 

Additional keywords: microcomputer, control, sensor, automatic travel 
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Introduction 

The mechanization of sericulture in Japan has proceeded only slowly, and silkworm rearing and 
mulberry cultivation are still mainly performed by human labor. Cocoon yield has been decreasing in 
recent years. Therefore, by expanding the scale of sericultural farming with multiple rearing of 
silkworms, it is important to save labor and reduce the cost of production in sericulture through the 
promotion of mechanization and automation. 

Then, in order to increase sericultural productivity, this study was carried out to develop an automatic 
steering system for a compact tractor used in mulberry fields, based on the results of recent studies on 
agricultural machinery 1 ’ 4 ^). This report gives an outline of the system developed, which is characterized 
by travel controlled by a microcomputer with hydraulic transmission, use of noncontact-type position 
sensor systems to detect the tractor travel position in the system and automatic steering and turning in 
mulberry fields. 


Experimental vehicle with automatic steering 3 ) 

In order to improve the performance of the automatic steering system, based on the results of an 
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Introduction 


experimental study on a previously developed automatic steering system using a contact-type position 
sensor 2 ), we developed an experimental vehicle for automatic steering. The vehicle is characterized by 
hydraulic transmission, front-wheel drive, and microcomputer-controlled steering. 

The size of the vehicle was approximately that of a compact 4-wheel tractor. The dimensions of this 
vehicle were as follows: 140 cm in overall length, 80 cm in overall width and 110 cm in overall height. A 
gasoline engine (4.4 kW, 6 Ps) and hydraulic transmission driven by independent front wheels, were used 
for the driving system. Double pumps with double swash plates type ran 2 oil-hydraulic motors, then 
front wheels (driving wheels) were driven through 1/5 speed-reduction gears (Fig. 1). 

The vehicle was designed to move forward and backward at a continuously variable speed of 0 to 50 
cm/s. The power wheeled steering method, with a difference in speed between right and left driving 
wheels by the operation of each discharge regulation shaft of the double oil-hydraulic pump, was applied 
for the design of the system for vehicle steering. The steering apparatus of the vehicle consisted of a 
microcomputer, RS-232C interface, stepping motor drivers, 4-phase stepping motors, gears, cams, etc. 
(Fig. 2). 



Since the microcomputer could approximately control the revolution of each discharge regulation shaft 
of the oil-hydraulic pump, this vehicle could drive forward and backward at a continuously variable 
speed of 0 to 95 cm/s. As a result, the performance of the vehicle was similar to that outlined in the 
design specifications. 


I - Noncontact-type position sensors for compact tractor h- 
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® 1-6); References 

Automatic steering system and automatic steering control 3 ) 

Based on the results of the above experiments, a position sensor system combining the 2 sensor systems 
was installed on the experimental vehicle, and then an automatic steering system was constructed. The 
automatic traveling trial of the experimental vehicle was operated by using a program developed in 
BASIC language for automatic steering control in a mulberry field. 

1) Automatic steering system 

The automatic steering system was equipped with a hand-held microcomputer (8-bit CPU, 3.68 MHz) as 
controller, an ultrasonic range finder (ultrasonic sensor system), a magnetic declinometer (magnetic 
azimuth sensor system) as sensors, and a steering mechanism and front-wheel drive by hydraulic 
transmission, etc. as actuators for the method of automatic steering control (Figs. 7, 8). 


Fig. 8. Experimental vehicle equipped 
with steering control system 

A: Ultrasonic sensors, B: Bumper, C: 

Auto-battery, 

D: Control and instrumentation 
apparatus, E: Magnetic sensor. 

Two ultrasonic sensors for the 
ultrasonic range finder system were 
located 30 cm apart outside of the 
left front wheel of the vehicle. The 
system measured ranges at a 
maximum rate of 0.2 sec by using 
the microcomputer. 

In order to avoid the influence of 
magnetic fields, the magnetic azimuth sensor was mounted on a plywood board on the right side of the 
rear of the vehicle because the magnetic declinometer was affected by the magnetic field of its iron body. 
The resolution of this azimuth was 0.1°. 

Operation signals of the actuator were transferred through RS-232C, the multiplexer from the 
microcomputer in the automatic steering system. The actuator rotates the driving wheels of the vehicle at 
the same speed for starting the travel and traveling straight, and controls differentially rotational speeds 
between the right and left driving wheels in a steering, turning, and pivot turn. 

Power was supplied by using +12 VDC automobile batteries and the voltage was transformed from +12 
to +5, +12 and +15 VDC by DC-DC converters. 

2) Method of automatic steering control 

In a common mulberry field for automatic traveling, row spacing was assumed to be 2.0-2.5 m and 
intrarow spacing 0.5 m and left-hand sensing method was adopted. The vehicle traveled at a velocity of 
24 cm/s along the mulberry stumps by automatic steering. Steering was applied continuously to move 
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straight or trim (lateral movement with a proportional control action) to maintain a distance from the 
vehicle to mulberry stumps constant by using both the ultrasonic range finder and magnetic 
declinometer. The target value for the control of the distance was set at 10 cm. As shown in Fig. 9 , after 
the vehicle turned 90° twice at a headland, it entered another inter-row space and only the magnetic 
declinometer was used to turn the vehicle. 

3) Steering control program 

The flowchart of an automatic steering control program is shown in Fig. 10. After the start of traveling, 
the automatic steering system detected a mulberry stump by using the range finding and measuring 
azimuth. If the controller of this system did not detect a mulberry stump for 3 times continuously the 
vehicle stopped traveling. If the number of turns was not 0, the vehicle turned 90° twice and entered 
another inter-row space by the turning subroutine. On the other hand, when the controller continuously 
detected mulberry stumps, the traveling direction of the vehicle remained parallel to ridges with a turn of 
5°. The controller also proceeded to trimming using the range finding and measuring azimuth 3 times. If 
trimming was needed, the controller trimmed the body by setting the value using the trimming subroutine 
and the vehicle traveled forward. 

4) Test of automatic steering control 

On a flat mulberry field with an inter-plant distance of 0.5 m immediately after shoot cut, which was 
used as test field, the vehicle traveled at a velocity of 24 cm/s using the control program over a distance 
of 70 cm along the row of mulberry stumps. The traveling trace in about the center of the vehicle's front 
body was drawn on the traveled path. 

As a result, the traveling direction of the vehicle was almost parallel to the mulberry stumps and the 
system detected easily mulberry stumps using the ultrasonic range finder. Then the vehicle traveled 
automatically according to the row detected and turned at the headland (Fig. 11). However, the automatic 
steering control of the first turning at the headland was overrun at a distance of about twice 85 cm. The 
accuracy of turning at headlands was 90 + 5° by using the magnetic declinometer alone. Therefore, the 
results obtained suggested that for the most effective steering control, first the magnetic declinometer and 
second the ultrasonic range finder should be used, respectively, to maintain the traveling direction of the 
vehicle parallel to mulberry stumps (rows) within 6°. 


Conclusion 

As stated above, by using noncontact-type position sensors, an automatic steering system was developed 
for a compact tractor used in mulberry fields. This system controls the steering, trimming, and turning of 
the experimental vehicle by the determination of the traveling positions of the vehicle using the range 
finder and the magnetic declinometer. Therefore, the vehicle was able to travel in the rows, along the 
mulberry stumps and turn at headlands on the mulberry field. 

Moreover, the results suggest that pest control, herbicide spray and manuring could be automated by 
improving the performance of this system. 
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Fig. 9. Distance required to turn on asphalt road 
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Fig. 10. Flowchart of automatic steering for compact tractor used in mulberry field 
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Harmful Effect of Dinoflagellate Heterocapsa 
circularisquama on Shellfish Aquaculture in Japan 

Yukihiko MATSUYAMA 

Harmful Algal Bloom Division, National Research Institute of Fisheries and Environment of Inland Sea 
(Maruishi, Ohno, Saeki, Hiroshima, 739-0452 Japan) 

Abstract 

The marine dinoflagellate Heterocapsa circularisquama Horiguchi is the causal agent of red tide on the 
Japanese coast. In the last decade, H. circularisquama red tides have destroyed the shellfish aquaculture 
industries around the western part of Japan because this dinoflagellate shows a detrimental effect on 
shellfishes particularly on bivalve molluscs. The current proliferation of H. circularisquama throughout 
western Japan is a cause for concern due to economic loss. The outbreaks of H. circularisquama are 
closely related to the environmental conditions: water exchange rate, water temperature, local and global 
climate changes. Administrative measures such as algal monitoring systems can be successfully utilized 
for the distribution and short-term prediction of red tide due to H. circularisquama in several locations. 
However, secondary damage, i.e. decline of demand due to misinformation and cost of measures to 
prevent the damage, adversely affects the development of shellfish aquaculture even if direct killing of 
the products can be avoided. 

Discipline: Animal pest/Aquaculture/Fisheries 

Additional key words: red tide, bivalve, toxicity, secondary damage 
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Introduction 

Worldwide development of harmful algal blooms causes serious problems for public health and fisheries 
industries 1 ’ 4 ^,21,23,24) Qn the Japanese coast, new marine dinoflagellate Heterocapsa circularisquama 
Horiguchi 9 ), appeared in 1988 and then rapidly expanded over the western area. The red tide due to H 
circularisquama has damaged shellfish aquaculture in most of the region 3 ’ 12 ’ 14 ’ 34 ’ 37 ). Although H 
circularisquama blooms mainly affect bivalve aquaculture, no harmful effects on wild and cultured fish, 
other marine vertebrates, and public health hazard were recorded. Therefore, this phenomenon is referred 
to as "novel red tide." Incidence of this species has increased recently, and the economic losses in 
aquaculture have been a cause for concern for the industry and society 14 ). 

In the present paper, environmental conditions conducire to the red tide occurrence, review of damage 
caused to aquaculture, toxicity of the organism, and recent monitoring programs based on scientific data 
are outlined. 
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Environmental conditions causing Heterocapsa circularisquanta bloom 

1) Coastal currents and water exchange rate 

Fig. 1 shows the distribution of red tide events due to H. circularis quanta (>10 6 cells L" 1 ) on the 
Japanese coast. H. circularisquama is distributed over the western part of Japan, especially on the 
southern coast of Mie, western coast of Seto Inland Sea, and western coast of Kyushu Island. The most 
frequent area for red tide is Ago Bay, where H. circularisquama has been observed every year since 
1992. The areas where H. circularisquama blooms were recorded are embayments affected by the warm 
currents: Kuroshio and Tsushima currents (Fig. 1). 



Fig.l. Records of red tide (>10 6 cells L' 1 ) due to Heterocapsa circularisquama in western Japan 


The red tide caused by H. circularisquama is commonly observed in semi-closed bays, such as Ago Bay, 
Uranouchi Bay, and Hiroshima Bay. Dense assemblages of H. circularisquama cells have been found in 
the innermost part of the inlets, but not offshore and in the channels. The distribution pattern of H. 
circularisquama seems to be strongly affected by the water exchange rate. Natural populations of H. 
circularisquama cells significantly increase during the neap tide and decrease during the spring tide (Fig, 
2). This observation clearly indicates that H. circularisquama populations are released from semi-closed 
bays into the offshore zone responsible for spring tidal current. Similar findings have been reported in 
Alexandrium tamarense blooms on the Maine coast 2 ) and Gymnodinium mikimotoi in Gokasyo Bay 27 ). 
Therefore, water exchange mainly influences the horizontal distribution and the periodic changes of red 
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tide due to H. circularisquama and other harmful algal species. 

2) Water temperature and salinity 

Red tide associated with H. circularisquama occurs between July and November in the embayments of 
western Japan. In Ago Bay, the water temperature and salinity level during the H. circularisquama 
bloom ranged from 15 to 31 and from 24 to 34 psu, respectively 14 ). Generally, H. circularisquama 
blooms appear mainly under high water temperature (>23) and salinity (>30 psu) conditions. The results 
of field surveys show that H. circularisquama grows well under high water and salinity conditions. 

Based on laboratory culture experiments, optimal growth of H. circularisquama occurred in a 
combination of water temperature of 30 and salinity of 30 psu. However, the growth of H. 
circularisquama decreased significantly below 15 31 ). These growth responses to temperature and 
salinity obtained in laboratory culture correspond to those recorded in field surveys. On the other hand, 
the optimal growth of representative harmful algae ( Alexandrium tamarense, Chattonella antiqua, 
Gymnodinium mikimotoi, Heterosigma akashiwo, etc.) which often cause red tide on the Japanese coast 
occurred in a combination of water temperature from 20 to 25 and salinity ranging from 20 to 25 psu, 

respectively 32 ’ 33 ’ 35 ’ 36 ). 

On the coast of western Japan, since the maximum water temperature seldom exceeds 30, the growth 
pattern of H. circularisquama in relation to the temperature is different from that of other harmful algae 
appearing on the Japanese coast. Based on these physiological characters, H. circularisquama seems to 
be a species of tropical or subtropical origin. 

3) Vertical mixing of seawater 

Field surveys revealed that seawater mixing and concomitant upwelling of bottom water enhanced the 
proliferation of H. circularisquama blooms. In Ago Bay, strong disturbances of water stratification by 
typhoons preceded the red tide outbreaks of H. circularisquama in summer (Fig. 3). In the 1988 red tide 
at Uranouchi Bay, a large-scale intrusion of oceanic water into the bay and resultant seawater mixing 
were observed before the occurrence of red tide due to H. circularisquama 18 X In the western part of Seto 
Inland Sea, where water columns are very stable due to stratification, H. circularisquama bloom hardly 
occurs in early to mid-summer. However, in autumn when the stratification begins to break down due to 
the decrease of the surface water temperature, H. circularisquama frequently causes red tide in 
embayments 15 ). Temporary or sustained water mixing throughout the water column may provide 
nutrients and growth-promoting substances from the bottom to the euphotic layer, resulting in increased 
salinity. Thus, the proliferation of H. circularisquama in coastal areas is considered to be triggered by 
vertical mixing of seawater. 

4) Competition with other phytoplankton species 

The competition between H. circularisquama and other microalgae is also noteworthy. According to 
field observations carried out over 3-year period in Ago Bay, the growth of H. circularisquama occurs 
when the populations of dominant diatoms Chaetoceros spp. begin to decrease (Fig. 4). Maximum yield 
and duration of H. circularisquama bloom seem to be strongly affected by the Chaetoceros spp. 
populations. It is considered that the decrease of the dominant diatom population is conducive to H. 
circularisquama growth. Uchida et al. 29 ) reported that the growth of H. circularisquama was suppressed 
under bialgal cultures with diatom species including Chaetoceros didymum, Stephanopyxis palmeriana 
and Licmophore sp. Under the effect of diatoms, the cells of H. circularisquama became round to 
elliptical and were considered to be temporary cysts. It is assumed that diatom populations regulate the 
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development and decline of red tide due to H. circularisquama. 

Furthermore, H. circularisquama was found to kill a mixotrophic dinoflagellate Gyrodinium instriatum 
and tintinnid ciliate Favella taraikaensis 10 - 28 ). The results show that H. circularisquama is toxic to active 
predators and competitors. From the ecological point of view, this characteristic might be advantageous 
for bloom formation in natural environments 10 ’ 16 ). 

5) Long-term trend o/Heterocapsa circularisquama blooms 

The records of red tide due to H. circularisquama are shown in Fig. 5. The red tide incidence associated 
with H. circularisquama has rapidly increased since the early 1990s. Why can H. circularisquama 
appear and colonize the Japanese coast? Laboratory experiments reveal that H. circularisquama can not 
grow at 10 or less 31 ), and does not form typical resting cysts that can survive below 10 (Uchida & 
Matsuyama, unpub. data). Hence, the overwintering vegetative cells are the likely seed population for 
bloom initiation of this species. This growth strategy is considered to be disadvantageous for the 
occurrence of this species in temperate and cold seas. 

On the Japanese coast, however, the water temperature in winter has significantly increased since the late 
1980s 11 ), probably due to global climate change (green house effect and El Nino phenomenon). 

Recently, the tropical and subtropical dinoflagellate Prorocentrum sigmoides Bohm has frequently 
appeared in western Japan 30 ). In the Seto Inland Sea, the water temperature in winter considerably 
increased in the last decade, except for the period 1995-1996 (Fig. 5). Accordingly, tropical marine 
animals, e.g. green shell mussel Perna viridis, have frequently appeared in the Seto Inland Sea since the 
early 1990s. This hydrographic change may be conducive to the overwintering of H. circularisquama on 
the Japanese coast. The relationship between the water temperature in winter and initial occurrence of red 
tide due to the dinoflagellate G. mikimotoi was also observed in the previous study 7 ). Hydrographic 
change in terms of water temperature is likely to bring about changes of the phytoplankton communities 
in the Japanese coastal waters. 

6) Possible origin 

There have been no records of H. circularisquama red tide and related shellfish mortality in Japan before 
1988. It remains to be determined whether H. circularisquama is a native species of Japan. Considering 
the growth response to water temperature, it is possible that H. circularisquama originates from tropical 
or subtropical regions, and has recently invaded Japanese coastal areas by warm current and/or artificial 
transportation. Recently, simulated experiments have revealed that H. circularisquama could easily 
migrate to distant areas in association with shellfish transportations 8 ). During the last 2 decades, large 
shellfish spats, especially pearl oyster and short-necked clam, have been imported to Japan from 
Southeast Asia for aquaculture. It is therefore possible that H. circularisquama invaded Japan from 
tropical or subtropical seas (T. Honjo, pers. commun.). However, further studies should be carried out to 
analyze the artificial dispersal of H. circularisquama. 


1 -Damage of fisheries and toxicity- 
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Aug. Sep. Oct Nov. 

Fig.2. Relationship between cell densities of Heterocapsa circularisquama and maximum tidal range in 
Ohno strait, Hiroshima Bay in 1997 

Maximum tidal rage correspond to the daily height rages between high and low sea level. H. circularisquama population 
increases during the neap tide period and decreases during the spring tide period. 
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Fig. 3. Changes in water temperature at 4 different depths and mean cell density of Heterocapsa 
circularisquama in Ago Bay 

Arrows denote the typhoon events (Matsuyama et al., 1996). 
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Fig-4. 

Changes in cell densities of Heterocapsa circularisquama (P) 
and predominant diatom Chaetoceros spp.(g) in Tategami 
Inlet, Ago Bay(1993-1995) 

H. circularisquama frequently appears when the population of 
Chaetoceros spp. is low (niche) which is probably due to the high water 
temperature and strong stratification. 

Massive bloom(>106 cells L 1 ) and concomitant death of pearl oyster 
were observed during the 1994 bloom period. The date sets were 
provided in part by T. Kobayashi, Mie Prefectural Technical Center. 
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Fig.5. Long-term trend of red tide events due to Heterocapsa circularisquama in Japan and winter water 
temperature (February) in eastern Seto Inland Sea (Harima-nada) 


The data sets of water temperature were provided by Y. Hori, Hyogo Perfectural Fisheries Experimental Station. 
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Damage to fisheries and toxicity 
® 1 — 37 ); References 

Damage to fisheries and toxicity 

1) Shellfish damage to aquaculture industries 

In September 1988, extensive red tide due to H. circularisquama and subsequent death of short-necked 
clams Ruditapes philippinarum occurred in Uranouchi Bay, Kochi Prefecture ( Table 1) . Red tide due to 
H. circularisquama occurred at Fukuoka Bay in 1989, and at Ago Bay in 1992, resulting in high 
mortality of shellfish 13 ’ 34 ). 

Until 1998, 26 cases of H. circularisquama red tide (including 15 incidences leading to fisheries damage) 
had been recorded in 14 locations of western Japan (Fig. 1). The red tide due to H. circularisquama was 
associated with massive killing of commercially important bivalve species: short-necked clam R 
philippinarum, pacific oyster Crassostrea gigas, pearl oyster Pinctada fucata, blue mussel Mytilus 
galloprovincialis edulis, etc 13 ’ 14 ’ 34 ’ 37 ). The current proliferation of H. circularisquama throughout 
western Japan destroyed the local shellfish mariculture. Economic losses of shellfish aquaculture by 
direct killing of marketable products were estimated about at least 10 billion-yen in the last decade. 

On the other hand, there are no records of death of finfish and crustacean species or public health hazard 
due to the consumption of shellfish and other seafood products in association with the red tide of H. 
circularisquama 16 h This type of biohazard in marine animals is markedly different from previous 
damage caused by harmful algae responsible for paralytic shellfish poisoning (PSP), diarrheic shellfish 
poisoning (DSP), amnesic shellfish poisoning (ASP), neurotoxic shellfish poisoning (NSP), ciguatera 
poisoning, and ichthyotoxicity. 

2) General characteristic of shellfish affected by red tide 

The effects of H. circularisquama on bivalve molluscs were described in previous studies 3 ’ 14 d5,19) 
Matsuyama et al. 14 ) observed that exposure of pearl oysters to 5-10 x 10 6 H. circularisquama cells L" 1 
resulted in death within several days although the level of dissolved oxygen was not critical. The dead 
individuals were characterized by a marked shrinkage of the mantle, decrease of glycogen lobe attached 
to the mantle and gut discoloration (Fig. 6). 
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Fig. 6. 

Photographs of 
pearl oyster 
Pinctada fucata 
affected by 
Heterocapsa 
circularisquama in 
1992 

A: Dead pearl 
oysters. 

B: Individual 
cultured at site 
without red tide. 

C: Individual 
cultured at site with 
red tied. 

The symptoms 
clearly reflected 
the direct 
cytotoxic effect 
of H. 

circularisquama 

on pearl oyster physiology. Similar harmful effects on oyster C. gigas and the mussel M. 
galloprovincialis were observed during the red tide which occurred in Hiroshima Bay 15 ). Based on 
detailed field surveys, in most of the bivalve species, the filtration rate is significantly reduced at a 
density of 5-20 x 10 4 H. circularisquama cells L 1 . As a result, alterations of bivalve physiology clearly 
started from a cell density below 1%. 

3) Exposure experiment using cultured strain 

Nagai et al. 19 ) showed that the mortality of pearl oyster spats by H. circularisquama depends on the cell 
density of this alga. Pearl oysters exposed to H. circularisquama cells at a density above 10 7 cells L" 1 
showed an unusual contraction of the mantle and gills, clapping, sustained valve closure, paralysis, and 
heartbeat stop within 24 hours. Furthermore, the mussel M. galloprovincialis significantly reduced its 
feeding activity when exposed to 10 4 cells L _l of H. circularisquama, but not in culture with 10 6 cells 
L _l of morphologically similar dinoflagellates Scrippsiella trochoidea and Heterocapsa triquetra l6 \ 
Some harmful algae are known to be toxic to marine shellfish. The blooms associated with the 
unarmored dinoflagellate Gyrodinium aureolum and picoplankton Aureococcus anophagefferens referred 
to as "brown tide" lead to considerable failure in mussel and scallop farming 23 ). Laboratory-rearing 
experiments using these algae showed considerable detrimental effects on various bivalve 
species 12 ’ 20 ’ 25 ). However, the effect of these harmful algae on marine animals is not species-specific. 

Red tide due to G. aureolum kills not only shellfish but also finfish and crustacean species 26 ). Although 
H. circularisquama frequently kills various bivalve species within a short period of time (<24 h) as 
described previously 15 ’ 19 ), no death and adverse effects were observed in finfish and crustacean. These 
facts suggested that the harmful effect of H. circularisquama on bivalves is specific and pronounced 
compared to other harmful algal species (Table 2). 
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4) Harmful effects o/Heterocapsa circularisquama on other animals 

Laboratory exposure experiments showed that various marine animals such as bivalves, gastropods 17 ), 
solitary acidians, and jellyfish are affected by H. circularisquama unlike vertebrates, crustaceans, 
starfish, and sea urchins (Table 2). On the other hand, although the occurrence of illness associated with 
the consumption of bivalves that accumulated H. circularisquama cells may be a cause for concern in 
humans, shellfish poisoning has never been observed in samples collected from red tide areas. Direct 
HPCL analysis failed to detect PSP toxins or DSP toxins in the cells of H. circularisquama 1 No death 
or symptoms were observed in 5 mice to which a cultured cell pellet of H. circularisquama had been 
injected in intraperitoneally at a rate of 10 6 cells individual' 1 . 

5) Characterization o/Heterocapsa circularisquama toxicity 

Nagai et al. 19 ) suggested that the toxicity of H. circularisquama to bivalves was mediated by a chemical 
agent. Thereafter, it was shown that the toxic effect of H. circularisquama on bivalves was not due to 
extracellular metabolites, cell exudates, and "naked cells" prepared by sonication and centrifugation. 
Furthermore, trypsin and SDS (sodium dodecyl sulfate) treatments were found to decrease drastically the 
toxicity of H. circularisquama cells (Fig. 7). Therefore, labile protein-like complex localized on the cell 
surface presumably exerts a detrimental effect on bivalves 16 ). However, purification and characterization 
of toxic fractions have not been successful because this agent is highly labile under neutral conditions. 

6) Secondary damages to fisheries industries 

Secondary damage to fisheries may occur during the H. circularisquama red tide periods, sometimes 
causing serious economic losses. As mentioned above, H. circularisquama bloom does not cause human 
illness associated with the consumption of harvested products. This fact should be recognized and 
fishermen and consumers should be informed that "shellfish killing" during red tide due to H. 
circularisquama is different from "shellfish poisoning" due to toxic dinoflagellate blooms such as those 
of the genera Alexandrium, Gymnodinium, and Dinophysis. This information may lead to a considerable 
decrease in the demand for shellfish and market price 23 ). Massive H. circularisquama bloom occurred in 
a restricted area of Hiroshima Bay, in 1997. Although no outbreaks of shellfish poisoning occurred, 
oyster demand rapidly declined when the occurrence of red tide due to H. circularisquama was 
broadcasted in several TV programs. Market price of oyster decreased by 10-30% due to the decrease of 
the demand compared with the previous year. In the oyster farming industry of Hiroshima Bay, 
approximately several hundred persons are employed as oyster shuckers with a low salary. The decrease 
of the market price directly affects shucker employment. 

Monitoring, prediction, and methods of prevention of red tide 

1) Monitoring of red tide due to H. circularisquama 

In Japan, monitoring systems for harmful algal blooms have been developed by the Fisheries Agency and 
local government organizations (mainly Prefectural Fisheries Experimental Stations) since the early 
1970s. These monitoring systems operate successfully and provide information on the incidence of red 
tide and shellfish poisoning as mentioned previously 21 ). Since 1992, in several locations, regular 
monitoring systems on H. circularisquama blooms have been set up. The local government uses early 
warning systems based on the data obtained from regular oceanographic surveys. Fishermen are routinely 
able to obtain the information about harmful algal bloom (cell density, water temperature, and 
distribution of cell assemblages, etc.). 
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2) Prevention of fisheries damage due to H. circularisquama 

To our knowledge, it is difficult to control or destroy the large natural populations of red tide organisms 
by applying direct prevention methods. Various prevention techniques (i. e. spraying of active clay, 
hydrogen peroxide, and coagulants, etc.) were developed previously 6 ’ 22 ). However, widespread 
application of these procedures for marine environments may exert a secondary harmful effect on other 
valuable organisms (i.e. diatoms, zooplankton, fish, benthos, etc.). The simple and most effective method 
is the transfer of cultured organisms from a red tide area to a non-red tide area. In Ago Bay, pearl oyster 
aquaculturists began to remove the pearl oysters when the cell density of H. circularisquama exceeded 
about 10 5 cells L 1 . No fisheries damage has occurred in this bay recently. However, oyster and clam 
aquaculturists are still affected by red tide caused by H. circularisquama because the removal procedure 
is costly and labor-intensive. As described above, red tide damage caused by H. circularisquama leads to 
a loss of marketable products and secondary damage such as decrease of demand for the products and 
loss of competitiveness in the market due to the high cost of the products to compensate for the cost of 
prevention of the damage. 
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Table 1 


Table 1. Records of damage to shellfish species due to red tideassociated with Heterocapsa circularisquama in western Japan. 


Date 

Shellfish species affected 

Notes 

Loccasion 

Reference 

1988 

Ruditapes philippinarum 

1,5601 losses 

Uranouchi Bay 


1989 

Crassostrea gigas 

Mactra chinensis 

Mytilus galloprovincialis 

Ruditapes philippinarum 

Solen strictus 

mass mortality 

Fukuoka Bay 

34 

1992 

Pinctada fucata 

Crassostrea gigas 

Mytilus galloprovincialis 

Chlamys nobilis 

30-90% mortality 

loss of >18 million individuals 

mass mortality 

Ago Bay 

13 

1993 

Ruditapes philippinarum 

Crassostrea gigas 

50-90% decrease of harvest 

mass mortality 

Lake Hamana 


1994 

Pinctada fucata 

40-90% mortality in areas with exten 
assemblages 

isive Ago Bay 

14 

1994 

Pinctada fucata 

Ruditapes philippinarum 

Crassostrea gigas 

Solen strictus 

Mactra veneriformis 

Musculista senhousia 

Anomalocardia aquamosus 

Dosinorbis japonica 

Glossaulax didyma 

mean 65.4% mortality in 

2 years old individuals 
mean 69.5% mortality 

mass mortality 

Kusu-ura Bay 

37 

1995 

Pinctada fucata 

5-36% mortality 

Ago Bay 



Crassostrea gigas 

Ruditapes philippinarum 

Mytilus galloprovincialis 

36-68% mortality, 6101 losses 

>70% mortality, 2101 losses 

10-55% mortality 

Hiroshima Bay 

15 

1996 

Pinctada fucata 

mass mortality 

losses of 1.5 milionindividuals 

Ago Bay 


1997 

Pinctada fucata 

Crassostrea gigas 

Mytilus galloprovincialis 

mass mortality 

Obama Bay 



Crassostrea gigas 
Mytilus galloprovincialis 
Sulculus diversicolors 


mass mortality in spats and adults Hiroshima Ba 

75% mortality in assemblage areas 
mortality in natural 
population 
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Ruditapes philippinarum 

2101losses 

Buzen Sea 

Ruditapes philippinarum 

50% decrease of spat yield 

Suo-nada 

Crassostrea gigas 

considerable mortality 


Mactra veneriformis 



Crassostrea gigas 

30-98% mortality 

Fliroshima Bay 


ca. 5,0001 losses 


Ruditapes philippinarum 

50-90% mortality 


Atrina pectinta 

considerable mortality 

Suo-nada 

e obtained from Fishery Regulation Office, Fisheries Agency of Japan. 
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f O No damage to fisheries 

^ % Damage to fisheries 

Fig.l. Records of tide (>106 cells L-l) due to Heterocapsa circularisqunma. in western Japan 
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Table 2 

Table 2. Effects of Heterocapsa circularisquama on various animals 


Animals 

cells L-i 

Symptoms 

Reference 

Bivalves 

10 4 -10 5 

Feeding inhibition 

15, 16 


>10 6 

Death 

3,15, 19 

Gastropods 

10 4 -10 5 

Unusual locomotion 

17 


>10 6 

Death 

17 

Solitary acidians 

>10 6 

Feeding inhibition 


Jellyfish 

>10 6 

Tentacle shrinkage 


Protozoa^ 

10 5 -10 6 

Feeding inhibition 

10 


>10 6 

Death 

10 

Dinoflagellates 

>10 6 

Death by cell contact 

28 

Mouse 

>10 9b ) 

' 

16 

Finfish 

>10 6 



Crab 

>10 7 



Lobster, shrimp 

>10 7 

' 


Star fish 

>10 7 



Copepods 

>10 7 



Diatoms 

>10 7 

' 

29 


Not affected, a) Species-specific, b) Intraperitoneal injection. 
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Control 

Intact 

Trypsin 

SDS 

SDC 

EDTA 


Clearance rate (Control=100) 

Fig.7 

Relative clearance rates of Mytilus galloprovincialis exposed to chemically treated Heterocapsa 
circularisquama cells (Control: Isochrysit galbana, 8 xlO 6 cell -1 ) 

Initial cell density of H. circularisquama ranged from 2.5-2.8 x 10 5 cells L" 1 - 
SDS: sodium dodecylsulfate. 

SDC: sodium deoxycholate. 

Each chemical was used at a concentration lower than which would inhibit the swimming of H. circularisquama. Error 
bars show + S.D. *p<0.005 (t-test). 
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Abstract 

The formation of algal detrital particles in a completely cell-detached form, namely, single cell detritus 
(SCD) was reported for the first time by the author during the microbial degradation process of 
macroalgal thalli. SCD display 3 characteristics suitable for feed for aquatic hatchery animals: 1) The 
size of SCD is in the 2-14 l Am range, which is similar to that of dietary phytoplankton; 2) The cell wall 
components of SCD are partially degraded which facilitates digestion; 3) Bacterial cells are attached to 
SCD, which modifies the algal detritus to protein-rich particles. The use of SCD as a potential hatchery 
diet instead of phytoplankton culture, which is labor-intensive, was successfully demonstrated based on 
feeding experiments with Artemia. Further modification of SCD could include the attachement of 
bacteria to SCD which would exert beneficial effects on the hatchery animals. Use of SCD diets in fish 
feeding regimes is an attempt to introduce the concept of detrital food web to aquaculture systems, which 
could contribute to the development of sustainable fish nursery systems. 

Discipline: Aquaculture 

Additional key words: detritus, food chain, Pseudoalteromonas, seaweed, Ulva 

This paper is primarily based on a previous paper entitled "Conversion of Macroalgae into a Detrital Hachery Diet - An 
Attempt to Introduce Detrital Food Webs into Aquaculture" (in Japanese) published in Technoinnovation 9 ). 

This work was supported in part by a grant (Development of highly functional materials by structural modification of 
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Introduction 

Aquaculture techniques have markedly progressed over the last decades, and enabled to produce and 
release millions of seed fishes important to the aquatic environment. On the other hand, however, the 
prevalence of fish diseases has become a serious problem in many countries, and an increasing number 
of people consider that current aquaculture systems require significant changes, both technical and 
conceptual, for sustainable development. 

In the natural aquatic environment, larval fish develop by feeding on grazing and detrital food chain 
systems (Fig. 1). 

However, the present aquaculture systems utilize only the grazing food chain principle 6 ). Since the 
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detrital food web can be considered to be a system whereby biological resources not utilized as feed in 
the grazing food chain are recycled, a more efficient system could be developed by introducing this 
recycling system into the present fish-feeding regime. Although our understanding of the detrital food 
web is still limited, there is an increasing number of studies showing the effectiveness of using detritus 1 ’ 
2 > 4 ). Since the detrital system has a large input, if it enhances the ecological efficiency, the system could 
have a large impact on biological production in the natural ecosystems. This paper describes a method of 
preparing algal detrital materials with a high dietary value to improve the ecological efficiency of the 
detrital food chain system and introduce it to the present fish culture system. 



Fig. 1. The detrital food chain as a system to recycle wastes from biological production 

The input (the quantity not grazed and decomposed to detrital materials) is large but the output (the quantity linked to 
production at a higher trophic level) is rather small in the detrital system. 


Initial observations of single cell detritus (SCD) - 
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Initial observations of single cell detritus (SCD) 

Our laboratory maintains a collection of over 100 bacterial strains which were isolated from coastal 
waters of Japan and are able to degrade macroalgal thalli. Strain AR06 (MAFF120006, FERM BP-5024) 
shows the strongest activity within our collection. AR06 exhibits a decomposing activity torward various 
kinds of algal polysaccharides such as algin, fucoidan, agar, etc. and is able to degrade macroalgal thalli 
from brown and green algae, and also presumably from red algae. In our previous studies, we observed 
the formation of algal detritus in a completely cell-detached form (Fig. 2), namely, single cell detritus 
(SCD) during the microbial degradation process of Laminaria japonica 8 ) and Ulva sp. 12 ). AR06 which 
was assigned to Alteromonas espejiana based on the results of biological and physiological tests 8 ), is 
presently assigned to Pseudoalteromonas atlantica based on the results of phylogenic analysis using 16S 
rDNA sequence and DNA-DNA hybridization tests with type strains (in preparation). SCD were also 
found to be formed during the experimental degradation of Ulva fronds soaked in natural seawater 
supplemented with peptone at 5 g/L level. Therefore, SCD can be produced by the activity of indigenous 
microbial populations without the presence of AR06 which suggests that SCD formation may occur in 
natural environments. 



Fig. 2. Microphotographs showing the decomposition process of Laminaria japonica (A, B) and the resulting 
production of single cell detritus (SCD) by the activity of Pseudoalteromonas atlantica AR06 (C, D) 

The SCD surface is densely covered with bacterial cells (arrow), which were observed after fluorescent staining (A, B, C) 
with 4,6’-diamino-2-phenylindole (DAPI). 

The size of the SCD formed in these studies is in the 2-14 14m range, which is similar to that of dietary 
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phytoplankton such as Nannochloropsis sp., Isochrysis galbana, and Tetraselmis tetrathele. SCD 
partially lose their cell wall components by microbial degradation and appear as spheroplasts in the case 
of Laminaria or protoplasts in the case of Ulva. Many bacterial cells were attached to the surface of the 
SCD, especially in the case of SCD produced from Laminaria. SCD from Laminaria have an algin layer 
on their surface, which may facilitate the attachment of the bacteria. 

It takes about 3-5 days until the production of SCD is observed during the experimental degradation of 
macroalgal thalli if the degradation is performed by bacterial activity alone. However, the number of 
particles with the size of SCD increases more rapidly if the degradation is performed with a combination 
of magnet-stirring during the incubation although the SCD prepared in this manner appear to be more 
disintegrated compared with intact spheroplasts or protoplasts. 

Use of SCD as a hatchery diet 

The characteristics of SCD, i.e. a size appropriate for ingestion and a structure associated with 
digestibility for hatchery animals, suggest that SCD can be used instead of dietary phytoplankton. The 
preparation of SCD is easy and requires only one to a few days, which is a major advantagge compared 
to the use of phyotoplankton. The potential use of SCD as a hatchery diet was tested by feeding 
experiments with Artemia lQ \ When Artemia were given Laminaria particles, 105-177'4m in diameter, 
they could not ingest them because of the size and scarcely grew. In contrast, Artemia fed on the same 
Laminaria particles that were degraded to SCD by the AR06 strain exhibited a much better growth and 
survival rates (Figs. 3, 4a). When the feeding level was compared to that of a commercial phytoplankton 
diet consisting of Nannochloropsis sp. (Marine Alpha, from Nisshin Science), the growth rate was nearly 
the same, although the survival rate was slightly lower. In another experiment where Laminaria particles 
less than 4414m in diameter were used as a control diet, it was demonstrated that the macroalgal thalli 
themselves had a high dietary value if given as a material with a size suitable for ingestion (Fig. 4b). 
However, the degradation of the Laminaria particles by contact with AR06 did not result in an increase 
of the initial dietary value for Artemia. In this experiment, a marked increase in the number of detrital 
particles suitable for ingestion by Artemia was observed in case of axenic control when mechanical 
degradation by magnet-stirring was used while only a gradual increase of SCD was observed when the 
diet was prepared by contact with AR06 (Fig. 5). The moderate increase in the number of SCD products 
was ascribed to the characteristics of AR06 and also to the fact that it consumes the SCD. This 
assumption is supported by the following observations made during a feeding experiment using another 
detrital diet prepared by contact with Pseudoalteromonas sp. strain TOOL The TOOl strain is able to 
decompose Laminaria particles but does not produce SCD. As a result, the number of detrital particles in 
the size range of that of SCD, 2-14 V4in, decreased markedly in TOOl-treated Laminaria. The dietary 
value of the detritus was the lowest among the 3 applications of Axenic Laminaria , AR06-treated 
Laminaria, and TOOl-treated Laminaria. 

The results from this experiment indicated that the dietary value of the macroalgae differs depending on 
the kind of microorganisms involved in the macroalgal decomposition. The above results show that the 
dietary value of the macroalgae is maximum if the decomposition of the macroalgae is performed with a 
view to producing the maximum number of detrital particles with a size suitable for ingestion. We are 
currently accumulating information for developing algal detrital diets with a high dietary value through 
feeding experiments with Artemia. 
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Potential use of surface-attached bacteria as a tool for enhancing the 
nutritive value of SCD 


There are 2 main objectives in our attempts to utilize SCD as a hatchery diet (Fig. 6). One is to utilize 
macroalgae resources as a diet by converting them to microalgae. The other is to utilize the bacteria 
attached to the detrital materials as a diet. Fish require a high level of protein accounting for 35-50% for 
their diet 7 ), while most macroalgae species contain only 10-20% protein. Bacteria have a protein content 
of about 60-70% on a dry weight basis and therefore have a high potential as a diet 3 ’ 5 ’ 11 ). In the case of 
the SCD diets, bacteria attached to the algal detritus grow by absorbing nutrients from the environment 
and, as a result, contribute to modifying the algal detritus to protein-rich materials. In our observations, 
the protein level of the Ulva detritus was nearly double, which accounts for the fact that the SCD diets 
have such a high dietary value 10 ’ 11 ). 

In the case of the present SCD diets, bacteria are utilized while still alive, which is a unique characteristic 
different from the phytoplankton diets or artificial micro-diets. The bacterial strain AR06, which we used 
for our serial studies, is specialized in the degradation of macroalgae and is not necessarily used for the 
enhancement of a diet. Diets with specific activities for feeding of animals can be developed by attaching 
bacteria with beneficial characteristics for fish, for example, regulation of the growth of pathogenic 
microorganisms or production of growth-promoting materials such as eicosapentaenoic acid (EPA) and 
dochosahexaenoic acid (DHA), and growth hormones for fish with or without the application of genetic 
engineering techniques. 


1- Concept of " trophic enhancement" 


on detrital macroalgae- 
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Fig. 3. Microphotograph of Artemia larvae ingesting the SCD 
diets (arrow) prepared from Laminaria japonica 


Undecomposed Laminaria (L) is not suitable for ingestion by Artemia. 

Fig. 4 (a). Results from the Artemia feeding experiment using 
diets prepared from Laminaria, 105-17714m in diameter 

Fig. 4 (b). Results from the Artemia feeding experiment using 
diets prepared from Laminaria, <4414m in diameter 
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Volume distribution of detritus particles contained in Laminaria -diets 
after axenic incubation with stirring (preincubation) and following a 
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Concept of "trophic enhancement" based on detrital macroalgae 

Concept of "trophic enhancement" based on detrital macroalgae 

We are presently considering the possibility of converting macroalgal biomass resources to SCD and to utilize them as a hatchery diet in extensive 
aquaculture systems. This attempt corresponds to the "trophic enhancement" of marine habitats (Fig. 7). Then, what kind of macroalgae could be 
converted to SCD, and what kind of aquatic animals could be cultured in this system? 

Recently, cumbersome blooms of Ulva have been reported from coastal waters in Japan and various foreign countries. Ulva, after decaying causes 
oxygen-limited environmental conditions which often kill marine animals, especially bivalves. To address this problem, fishermen and local governments 
remove these algal accumulations by labor-intensive methods. The collected materials have no commercial value and their disposal is a major problem in 
several areas in Japan. Against this background, we attempted to utilize the Ulva resources. Coastal waters with large Ulva blooms are often good fishing 
grounds for Manila clams, Ruditapes philippinarum, a bivalve with a high commercial value. Moreover, the hatchery season of the bivalve larvae, i.e. June 
to July, corresponds to the period of growth and subsequent decay of Ulva fronds. The hatched bivalve larvae have only a limited mobility and are easily 
transported, depending on the wind and water current, to the same area where Ulva fronds are concentrated. Therefore, if we succeed in preparing detritus 
with a high dietary value from Ulva fronds, it may be possible to link this activity to the production of Manila clam larvae. As a preliminary experiment, 
we prepared hatched larvae from adult Manila clams caught from Uminokouen, Yokohama, and administered a SCD diet prepared from Ulva which was 
also collected from the same area. Some of the larvae ingested the Ulva SCD during overnight incubation in a 300 mL-volume beaker. Whether the SCD 
diet can contribute to the growth of the larvae or not is now being examined. 

Blooms of Ulva are attributed to eutrophication caused by human activities. Our attempt to culture fishes in "a trophic enhancement system" utilizing 
bacterially degraded macroalgal resources is different from the conventional aquaculture systems in that compatibility between commercial fish culture 
and human activities causing the eutrophication problem could be achieved. 
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Fig. 1. Driving mechanism of experimental vehicle 
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Noncontact-type position sensors for compact tractor 3 ) 

The traveling direction (heading) of the tractor and the distance from the tractor to mulberry stumps are 
the basic information required for the position for automatic travel of the small tractor in mulberry fields. 
Therefore, the noncontact-type position sensors that were readily connected to an 8-bit CPU 
microcomputer were studied and selected. A magnetic azimuth sensor was used to determine the 
direction of travel and an ultrasonic range sensor was used to detect the distance from the tractor to 
mulberry stumps. 

Then, the sensor systems were developed to measure the positions automatically by the microcomputer. 
The magnetic and ultrasonic sensor systems were equipped with a microcomputer, interfaces, sensors (an 
ultrasonic range finder and a magnetic declinometer), power supply, detecting programs, etc. (Figs. 3, 4). 

We studied the characteristics of the systems and the adaptation to automatic steering control. 

1) Magnetic azimuth sensor system 

The magnetic azimuth sensor system enables to detect terrestrial magnetism and inputs azimuth data 
through an RS-232C interface every 50 milliseconds. The microcomputer can read the serial data 
whenever it is necessary by a program in BASIC language. This system was tested using the 
experimental vehicle equipped with the azimuth sensor. The measuring accuracy of this system ranged 
from 0.3 to 3.5° in the traveling direction of the vehicle. 

2) Ultrasonic range system 

A reflection-type ultrasonic range finder inputs 12 bits parallel data to an I/O board (82C55A) connected 
to a microcomputer. The microcomputer reads the range data through the I/O board. Resolution of the 
system is 4 mm and the ultrasonic frequency is 49.1 kHz. The measurement has a range of 0.29 to 10 m. 

This system was tested within the distance from the sensor to model stumps made of polyvinyl chloride 
pipe and mulberry stumps were measured continuously. That is, the distance was measured by using the 
sensor, moving at a velocity of 3.7 cm/s in laboratory experiments (analogue data) and using the 
experimental vehicle equipped with the sensors, traveling at a velocity of 24 cm/s (digital data). Two 
ultrasonic sensors were installed outside of the left front wheel of the experimental vehicle at a height of 
25 cm above the ground. When the distance to the stumps ranged between 60 and 70 cm, the target could 
be detected continuously by using 2 ultrasonic sensors, which were arranged, at a distance of 30 cm 
apart. To measure the range with accuracy within a distance of 15 cm, the position of the ultrasonic 
sensors should be controlled by rotation and tilt of about 5°, respectively (Figs. 5, 6). 

The results obtained suggested that the magnetic azimuth sensor system enabled to determine the 
traveling direction of the compact tractor and the ultrasonic range system enabled to detect a row of 
mulberry stumps for automatic steering of the experimental vehicle. 


I - Automatic steering system and automatic steering control li- 
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Magnetic declinometer 

Fig.3. Block diagram of magnetic sensor system 
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Fig.4. Block diagram of ultrasonic system 
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Fig. 5. Continuous range-finding of mulberry stumps (sensor tilted 5 oan< ^ rotated 5o) 



Fig. 6. Continuous range-finding in experimental 
vehicle travel 

(distance of 70 cm from stumps) 
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Use of lacZ and gusA Reporter Genes to Trace the 
Infection Process of Nitrogen-Fixing Bacteria 

Shoichiro AKAO*l, Yasuo MINAKAWA*2, Hiromi TAKI*3, M. K. Khan,*4 
Ken-Ichi YI HASHI 2, Yasuji NAKAYAMAl Constancio A. ASIS Jr*2, 

Vladimir CHEBOTAR*5, Ui-Gum KANG*6, Kiwamu MINAMISAWA*2 and Robert W. RIDGE*3 

*1—Department of Plant Physiology, National Institute of Agrobiological Resources 
(Tsukuba, Ibaraki, 305-8602 Japan) 

*2—School of Agriculture, Ibaraki University 
(Ami, Ibaraki, 300-0393 Japan) 

*3—International Christian University 
(Mitaka, Tokyo, 181-8585 Japan) 

*4—Bangladesh Institute of Nuclear Agriculture 
(P.O. Box 4, Mymensingh-2200, Bangladesh) 

*5—All-Russia Research Institute for Agricultural Microbiology 
(Saint-Petersburg, Pushkin 8, 189620 Russia) 

*6—National Yeongnam Agricultural Experiment Station 
(P.O. Box 6, Milyang, 627-130 Korea) 

-Abstract- 

To determine whether the gusA gene, which encodes —glucuronidase (GUS) and lacZ gene, which 
encodes—galactosidase are suitable for tracing nitrogen-fixing bacteria in the infection process, 
Bradyrhizobium japonicum strains labelled with each gene were constructed. Both introduced genes 
were expressed in rhizobia, but it was difficult to specify the sites where /acZ-labelled bacteria were 
present, since endogenous —galactosidase levels were high in soybean root tissues. On the other hand, 
endogenous —glucuronidase activity has not been detected in soybean root tissues. The gwsA-marked 
Bradyrhizobium, Rhizobium and Azospirillum strains were constructed for assessing the use of their 
GUS-marked bacteria to trace the presence of introduced bacteria manifested by colonization on the root 
surface, as well as infection sites, invasion modes and nodulation competitiveness between bacteria. 
Bradyrhizobium japonicum inoculated to soybean colonized in the form of spots on the root surface. In 
the spots, curling roots with infection threads were observed. In this report, we describe only the 
gnx4-marked (Brady)rhizobium and Azospirillum strains which we constructed. 

Discipline: Biotechnology 

Additional key words:— ghicuronidase, 2 -galactosidase, Azospirillum, nitrogen fixation, reporter genes 
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—Introduction- 

Studies for practical use of the biological nitrogen-fixing (BNF) system are being increasingly important, 
since BNF contributes significantly to the maintenance and promotion of sustainable agricultural 
production. Ecological studies of the nitrogen-fixing bacteria in soil, root surface, intercellular spaces and 
nodules of host plants are essential to increase the contribution of nitrogen-fixing bacteria. 
Antibiotic-resistant markers and immunofluorescence have been used for these objectives. The strains 
marked with antibiotic resistance cannot be distinguished by light microscopy from the wild strain. The 
immunofluorescence method enables the detection of specific bacteria in situ, especially in tissues, but it 
requires a high technological level due to the interference from the background of host tissues. Recently, 
reporter genes such as lacZ and gusA have been used to facilitate the detection of individual marked 
strains of bacteria. Many plants and bacteria of economic importance do not contain indigenous 
glucuronidase (GUS) and do not show background GUS activity 20) . 

The (Brady)rhizobium strain encoded with the gusA reporter gene can be identified very clearly on the 
root surface or in infection threads by its blue color, because the marked bacteria turn blue when treated 
with the substrate. This finding may enable to trace the colonization and movement of marked bacteria 
and thus the mode of early stages of infection. Moreover, studies on the competition for nodule 
occupancy, fate of introduced bacteria in the plant-soil ecosystem, and also on the interaction with plants 
could be very efficiently carried out with the use of the GUS reporter gene. 

Evaluation of the advantages and disadvantages of various reporter genes for practical application may 
enable to use this new technique for future research work in ecological and molecular studies of 
microorganisms and plant-microbe interaction. Here in this report attempts were made to evaluate the use 
of reporter genes for tracing introduced bacteria, and the infection mode of rhizobia in the 
non-nodulating soybean mutant T201 after treatment with synthetic auxin 2,4-dichlorophenoxyacetic 
acid (2,4-D). 

—Materials and methods- 

1) Bacterial strains, plasmids and media 

Bacterial strains and plasmids used in this study are listed in Table 1 .(40 KB) 

. Bradyrhizobium and Rhizobium were grown at 28-30 in yeast-mannitol (YM) medium for 3-6 days. 
The antibiotics used in the media for culturing gusA -marked Bradyrhizobium (B.japonicum MA172, 
MA173, USDA61A124a and B. elkanii MA31), Rhizobium (R. meliloti YA03M2 and R. 
leguminosarum bv. trifolii ANU843 (Tp3) and B.japonicum NA-A1017 carrying plasmid pRKRT290 
were spectinomycin (50l4g mL _l ) and kanamycin (200 1 Ag mL -1 ), respectively. Escherichia coli was 
grown overnight at 36 in LB medium 13) or in HM medium 14). 

2) Plants 

Soybean (I Glycine max (L.) Merr.) cultivar Enrei, T202 and its non-nodulating isoline T201, wild type 
soybean ( Glycine soja ), siratro ( Macroptilium atropurpureum) , alfalfa ( Medicago sativa L. cv. Vernal) 
and clover ( Trifolium repens L. cv. California ladino) were used. Seeds of soybean cultivars (Enrei T202 
and T201) were kindly provided by Dr. Kokubun (National Agriculture Research Center) and the wild 
type soybean seeds were provided by Dr. Harada (National Institute of Agrobiological Resources), while 
siratro, alfalfa and clover seeds were obtained from Yukijirushi Co., Japan. 
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3) Plant culture and inoculation 

The seeds were surface-sterilized by immersion in 70% ethanol for 20 min, followed by soaking in 3% 
hydrogen peroxide for 5-10 min and then washed 5 times with sterile deionized water. Sterilized seeds 
were germinated in 2% agar plates or sterile vermiculite placed in 500 mL glass jars. Seedlings were 
transferred to sterile growth pouches (MEGA International of Minneapolis, USA) supplied with 30 mL 
of half-strength N-free nutrient solutionl) or to sterile vermiculite placed in 500 mL glass jars supplied 
with 90 mL of N-free nutrient solution. 

Cultures of rhizobial strains as described above were centrifuged at 7,000 rpm, 4 for 15 min. Cells were 
washed twice with sterile saline and resuspended in sterile deionized water. Cell density of the 
suspension was measured using a Thoma's haemocytometer and the suspension was diluted with sterile 
water to 10 7 -10 8 cells mL -1 . For the co-inoculation test, the number of viable cells in the bacterial 
suspension was confirmed by the plate counting method using 10-fold serial dilution. 

4) Conjugal transfer of pRKRT290 through mating 

Transfer of the plasmid pRKRT290 carrying lacZ gene to B.japonicum A1017 was achieved by 
triparental mating. Culture of the donor E. coli HB101 (pRKRT290), HB101 harboring the helper 
plasmid pRK2013 and the recipient rhizobia from the mid-log phase were mixed on nitrocellulose filters 
(pore size 0.451401), grown on YM agar, and incubated at 28 for 3 days. The colonies were suspended in 
5 mL of sterile physiological saline solution, and the transconjugants were selected by plating onto HM 
medium7] containing 200%g mL -1 of kanamycin. Transconjugants were again restreaked on selective 
medium to obtain single colony isolates. The galactosidase activity of the isolates was checked by the 
presence of the blue color after growth on YM medium supplied with 5-bromo-4-chloro-3-indolyl- 
2 -D-galactopyranoside (X-Gal) as substrate for the blue color staining. 

5) Conjugal transfer of transposons through mating 

Introduction of transposon into B. elkanii USD A31 was achieved by biparental mating. Donor E. coli 
S17-l»-pir with plasmid pmTn5SSgHsA20 and recipient rhizobia were mixed on nitrocellulose filter, and 
incubated. Cells on the filters were washed and resuspended with sterile saline. The suspension was 
spread on HM plates containing 10(Mg mL -1 of spectinomycin, and then tested for their GUS activity in 
stab-culture of HM medium containing lOOAg mL’ 1 of spectinomycin and 5014g mL' 1 of 
5-bromo-4-chloro-3-indolyl- 2 -D-glucuronide cyclohexylammonium salt (X-Gluc) at 28 for 6 days. 

6) X-Gal staining 

The staining was performed by the method of Bovin et al.2). Primary root segments 3 cm long were 
placed in 10 mL test tubes containing 0.5% glutaraldehyde buffer with 0.2 M sodium cacodylate, pH 7.2, 
under vacuum for 60 min, cut into three 1 cm segments. One cm segments including nodules were 
embedded in 5% agar medium and transversely sectioned (0.1 mm thick) with a microslicer. The sections 
of root with nodules were immersed in the solution containing 800%L of 0.2 M sodium cacodylate pH 
7.2, 5014L of 50 mM K 3 Fe(CN) 6 and 50 mM K 4 Fe(CN)6, and 4014L of 2% X-Gal in N, 
N-dimethylformamide overnight. 

7) X-Gluc staining 

For the detection of GUS-marked rhizobia in the plant tissues, transversal sections (0.1 mm thick) of root 
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with nodules were used, as well as nodulated root segments (about 3 cm) for nodule occupancy. The 
samples were immersed in a test tube containing the GUS assay solution (5 mL 0.1 M sodium phosphate 
buffer at pH 7.0, 20 l AL 2% X-Gluc, and 5014L 10% SDS), in vacuo for 15-60 min, and incubated 
overnight. 


SlContinue to: Results and Discussion 
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Materials and methods 
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—Results and discussion- 

1) Tracing microbes in plant tissues 

Soybean inoculated with BradyRhizobium japonicum A1017 harboring the lacZ lacZ gene shows a deep blue color 
inside the nodules (infection zone) and some other parts of the plant tissues when stained with the substrate X-Gal 
(Fig. 1A) . The plant tissues contain indigenous galactosidase, which reacts with the substrate and forms a deep blue 
color. As a result, it is difficult to trace the infection zone. Hence, to suppress the indigenous galactosidase, root with 
nodules was treated with glutaraldehyde buffer containing a high concentration (200 mM) of potassium ferri- and 
ferrocyanide. However, some parts showing a blue color remained along the vascular bundles, and most parts of the 
rhizobial infection zone filled with bacteroids did not stain. The former indicates that it is difficult to entirely suppress 
the indigenous galactosidase, while the latter suggests that the induced plasmid pRKRT290 carrying lacZ was lost 
during rhizobial multiplication (Fig. IB) . As a result, the bacterial infection zone could not be clearly traced by using 
the lacZ gene. 

Then the soybean plants were inoculated with BradyRhizobium japonicum marked with the GUS ( 2 -glucuronidase) 
reporter gene. When the root with nodules was treated with GUS substrate X-Gluc., a uniform and clear blue color 
was observed only in the infection zone (Fig. 1C) , whereas no color was observed in the nodule (infection zone) 
inoculated with the unmarked (gus-) BradyRhizobium japonicum strain (Fig. ID) , because the soybean root nodule 
tissues did not contain indigenous glucuronidase and there was no background activity in plant. 

Jefferson et al. 11) reported that the gusA gene, encoding GUS, is the most widely used reporter gene in plant 
molecular biology and the GUS substrate also enables to detect the spatial localization of reporter gene activity. As 
such (Brady)Rhizobium encoded with 2 -glucuronidase (GUS) was found to be highly suitable for bacterial infection 
studies. 

* Fig. 1 ,(78 KB) 

2) Infection mode of nodulating soybean cultivars and non-nodulating mutants with rhizobia 

We previously reported that nitrogen-fixing nodules can be induced in a non-nodulating soybean mutant T201, which 
is defective in nodulation, by 2,4-D treatment and rhizobial inoculation)). Nodulating soybeans develop spherical 
determinate nodules, while the nodules induced in a non-nodulating isoline by 2,4-D treatment are unusual and appear 
as paired or gourd-like nodules. In the case of the nodulating soybean cultivar Enrei T202, the bacteria colonize the 
root surface (Fig. 2A), and in the colonized zone, curled root hairs are observed (Fig. 2B) . The bacteria penetrate into 
the root tissues through the curled root hair and infection thread (Fig. 2C), and thus form a nodule ( Fig. 2D) . While in 
the case of the non-nodulating soybean mutant T201, the bacteria colonize the root surface and multiply rapidly, 
causing the swelling of the root (Fig. 2E) , where no root hair curling (Fig. 2F) but infection threads are observed 
(Fig. 2G) . The bacteria penetrate into the plant root tissues through the infection thread. Inside the plant tissues, the 
bacteria multiply rapidly and form a nodule (Fig. 2H) . In the distal lobe of the paired nodules, gus A -marked bacteria 
are observed showing a blue color. 

* Fig.2.(89 KB) 

The gus A -marked bradyrhizobia are very useful for tracing infection sites of nodules in that the bacteria stain blue 
and can be clearly identified. In the case of nodulating soybean T202, the bacteria penetrated into the root cells 
through root hair curling and subsequently infection thread formation, while in the non-nodulating soybean T201, 
there was no evidence of root hair curling and the bacteria invaded through both intercellular spaces and infection 
threads. Chandler5) and Chandler et al.6) reported that Arachis and Stylosanthus do not form infection threads and 
rhizobia penetrate into spaces between epidermal cells and invade cortical cells through their cell walls. Thus, root 
hair curling and formation of the infection thread may be independent phenomena controlled by different factors in 
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the nodulation process. Hence, root hair curling or infection threads are not always necessary for the formation of 
symbiosis, and the plants may receive rhizobia by various ways which can be studied using GUS reporter genes. 

3) Competition between host and bacteria 

Many leguminous plants can be nodulated by more than one (Brady)Rhizobium species. Also some bacteria can form 
effective nodules in several host plants. Glycine max cv. Enrei, Glycine soja and Macroptilium atropurpureum form 
effective nodules by infection with both BradyRhizobium japonicum (USDA110) as well as BradyRhizobium 
elkanii (MA31). BradyRhizobium elkanii (MA31) is a gusA -marked mutant of BradyRhizobium elkanii USDA31. 
When the above plants were co-inoculated with the bradyrhizobial strains, USDA110 and MA31 at 1:1 ratio, in 
Glycine max cv. Enrei, 81% of the nodules were formed by USDA110 and 19% by MA31, while in Glycine soja , 
55% of the nodules were formed by USDA110 and 45% by MA31. In Macroptilium atropurpureum only 20% of the 
nodules were formed by USDA110 and 80% by MA31 (Table 2) . These findings indicate that USDA110 is more 
competitive for nodulation in Glycine max cv. Enrei, while MA31 is more competitive for nodulation in 
Macroptilium atropurpureum. However, both strains, USDA110 and MA31 are almost equally effective for 
nodulation in Glycine soja. 


Furthermore, a large number of nodules were formed in Glycine max cv. Enrei (142) by USDA110 and in 
Macroptilium atropurpureum (64) by MA31, while fewer nodules were formed in Glycine soja by either strains 
USDA110 or MA31. 

The GUS transposon was found to be very useful for studying the competition for nodulation in common bean ! 7,18) . 
Also, Yuhashi et al.23) and Wilson et al.20) described the advantages of using the gusA reporter gene as a marker for 
rhizobial competition studies. 

Table 2. Relationship between host and rhizobia 


Host plant 


G. max cv. Enrei 
G. soja 

M. atropurpureum 


Nodule numbers Nodule occupancy(%) 


USDA110 

MA31 

total 

UsdallO 

Ma31 

142 

33 

175 

81 

19 

27 

22 

49 

55 

45 

16 

64 

80 

20 

80 


4) Plant-Azosopilium-Rhizobium interaction 

Increase in the nodule number and grain yield of various crops has been reported by combined inoculation of 
Azosopitium spp. and Rhizobium spp. 16,22) . The role of Azosopitium spp. in the infection and nodulation of plants 
can be clearly examined by using the GUS-reporter gene. 

Colonization on the root surface and root tips of white clover was observed when the plant was inoculated with 
gusA -marked Azosopitium tipoferum T137-1 alone (Fig. 3A) . However, when white clover was inoculated with both 
Azosopitium tipoferum T137-1 and Rhizobium leguminosorum bv. trifotii ANU843, many nodules and Azosopitium 
colonization of or near the nodules were observed (Fig. 3B) . Nodule number and acetylene reduction activity in 
clover increased by more than 100% at 20 days after inoculation by combined inoculation of Azosopitium tipoferum 
T137-1 and Rhizobium leguminosarum bv. trifotii ANU843 (Fig. 4) . 


* Fig.3.(T6 KB). Fig.4.(21 KB) 

Increase in the nodule number and acetylene reduction activity in white clover by dual inoculation with Azosopitium 
tipoferum T137-1 and Rhizobium leguminosarum bv. trifotii ANU843 may be due to the fact that Azosopitium 
contributes to the development of additional sites for the rhizobia to form more nodules. Plazinski and Rolfe 15} and 
Yahalom et al.22) reported that in the case of co-inoculation of Azosopitium and Rhizobium, Azosopitium stimulated 
the formation of a larger number of epidermal cells that differentiated into infective root hair cells, or created 
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additional infection sites which were later occupied by the rhizobia. Increase in shoot length, dry weight, number of 
root hairs and root diameter of alfalfa was also observed by combined inoculation of Azosopilium spp. and 
Rhizobium spp. 10). 
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Figl. 2 -Galactosidase activity in roof nodule inoculated with lacZ -marked B. japonicum 



Addition of 50 mM potassium ferri-and ferrocyanide 

(A) , and 200 mM potassium ferri-and ferrocyanide 

(B) to lacZ detection buffer. 

—Glucuronidase (GUS) activity in root nodules. Root 
nodule induced by B.japonicum 61A124a (C), and 
gusA -marked B. japonicum USDA110 (D). 
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Fig.2. Infection process of nodulating (a,b,c,d)and non-nodulating (e,f,g,h) soybean 



A, bradyrhizobial colonization on root surface and root 
infection(arrow); 

B, transverse section of infected root portion showing root hair 
curling and C, infection (arrow); 

D, invasion of rhizobia inside developing nodule (arrow); 

E, swelling caused by 2,4-D treatment and formation of 
nitrogen-fixing nodule; 

F, transverse section of swelling portion showing bacterial 
infection but no root hair curling (arrow)and 

G, invasion of bacterial infection thread (arrow); 

H, nodules formed by 2,4-D treatment (Gus-marked bacteria are 
present inside of the distal lobe of the nodule). 
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Fig-3. 

Colonization and nodulation of white clover at 20 dai by gnsA-marked A. lipoferum T1371 alone (A), and nodulation by 
coinoculation with/?. /. bv. Tirifolii anu 843 and gusA -marked A. lipoferum T1371 (B) 

Blue staining (arrows)indicates GUS ( 2 -glucuronidase)activity of the bacteria. 
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Use of Soil Animals as Bioindicators of Various Kinds of Soil Management in 
Northern Japan 

Yoshinari ENAMI, Hiroyoshi SHIRAISHI and Yoshio NAKAMURA 

Upland Farming Division, Tohoku National Agricultural Experiment Station 
(Arai, Fukushima, 960-2156 Japan) 

-Abstract- 

As the soil invertebrate fauna is expected to modify several properties of upland soils in agriculture, the effect of the soil fauna on the soil 
properties and soybean growth under several kinds of soil management depending on the soil type, nitrogen source, tillage, insecticide and 
herbicide was investigated. Numbers of hand-sorted earthworms were positively correlated with the amount of soil aggregates (>diam.2 mm) 
(r=0.85, p<0.01), and those of oribatid mites (Acari: Cryptostigmata) extracted by using modified Tullgren funnels were positively correlated 
with the nitrate nitrogen concentration in the soil (r=0.89, p<0.01). Numbers of oribatid mites were positively correlated with the content of total 
soil nitrogen and the content of total soil carbon in a Gray Lowland soil (both: r=0.99, p<0.01) and a Brown Forest soil (not significant), but 
negatively in an Andosol. The stem length of soybean cultivated on those soils showed a positive correlation with the numbers of earthworms 
(r=0.54, p<0.05) and oribatid mites (r=0.62, p<0.05), while the stem weight of soybean with the numbers of macrofauna organisms (r=0.61, 
p<0.05) and earthworms (r=0.8, p<0.01), respectively. The correlations between the number of soil invertebrates and yield or quality of soybean 
grain were not significant in this survey. 

Discipline: Soils, fertilizers and plant nutrition 

Additional key words: soil invertebrates, earthworms, oribatid mites 
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-Introduction- 

Soil animals are affected by agricultural practices such as tillage, fertilization and weeding 2,4, 10,13) . and they influence the physico-chemical 
properties of soil through fragmentation of crop residues, grazing of microflora and improvement of the soil structure 8,15) . Therefore, the 
population, biomass and diversity of soil invertebrates could be used as bioindicators to monitor quantitative and qualitative changes of the 
environment affected by soil use 14). 

In Japan, our group had reported that organic or chemical fertilizer affected crop yield and quality along with the changes of the soil faun a5,6) . In 
addition, we observed that fungivorous Collembola and oribatid mites inhibited the incidence of some plant diseases caused by fungal pathogens 
by grazing of their mycelia 3,12.16) . In this study, attempts were made to study the relation of the soil fauna, especially oribatid mites and 
earthworms, which were considered to be more useful as indicators than other types of fauna based on preliminary investigations in fields, with 
the physico-chemical properties of soil and soybean yield under various kinds of soil management. 

-Materials and methods- 

1 Experimental design and treatments 

The experiment was conducted in the fields of the Upland Farming Division, Tohoku National Agricultural Experiment Station (37°43'N, 
140°23'E), Fukushima city, northern Japan. Soil fauna was investigated in Fields I and II as mentioned below. Soil management of the 
experimental plots in Fields I and II is summarized in Table 1 . 

Field I was divided into 12 plots (A-L) enclosed with concrete blocks. Soil type of plots A, D, H and K consisted of Gray Lowland soil, that of 
plots B, E, I and L, Brown Forest soil and that of plots C, F, G and J, Andosol (high-humic). Plot size was 3.3 m x 3.3 m and the soil had been 
subjected to the following kinds of management for 7 years: Plots A-C and G-I; no-tillage with mulch made of organic materials (wheat plants or 
soybean plants), and weeds were cut by hand and put onto the soil surface. Plots D-F and J-L; tillage using rotary machine after inorganic 
(NN444, Nihon Kasei, Japan) or organic (rice straw) fertilization, and weeds cut by hand were brought out from the plots. Kinds of fertilizer 
applied to each plot are shown in Table / (30KB). Total amount of fertilizer applied to each plot was 0.2 kg nitrogen per 10 m 2 . Cherry tomato had 
been grown for 5 years in this field after cultivation of dent- and sweet com for 2 years. 

Field II on light-colored Andosol was cultivated and divided into 15 plots (a-o). The plot size was 2 m x 6 m and the soil had been subjected to 
the following kinds of management for 4 years: 10 plots (a-j); no-tillage, weeding by hand, no application of insecticides or herbicides, mulch 
consisting of 4 kinds of organic materials (rice straw, bokashi, mulberry branches and chopped weeds) except for plots a and f, control plots. 5 
plots (k-o); rotary digging after fertilization (organic materials applied were plowed under and the soil surface was maintained without mulch), 
application of Elsan (PAP) and Sumithion (MEP) as insecticides and Simazine (CAT) as herbicide once a year before sowing. Kinds and amount 
of fertilizer applied are listed in Table 1 . Total amount of fertilizer applied was the same as in Field I. Soybean had been grown for 3 years in this 
field after 2 years of upland rice cultivation. 
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2) Identification of soil animals and determination of soil properties 

In Field I, earthworms were sorted by hand from 2 quadrates (each 50 cm x 50 cm in area, 10 cm in depth) in each plot in October 1993. For the 
determination of the percentage of aggregation, soil sample (10 cm in diam., 15 cm in depth) was taken from each plot with 2 replications in 
October 1994, and sifted by the Tiulin-Yorder method. Amount of soil aggregates (%SA,/E>2 mm) was obtained from the following calculation. 

%SA = 100 x (A-P) / (T-P) 


where A; weight of total aggregates (>2mm), P; weight of aggregates with single-grained structure (>2mm), T; total weight of tested soil sample. 

In Field I, 2 samples were taken from each plot in July and October 1995 by using a rectangular metal sampler (5 cm x 4 cm in area, 5 cm in 
depth) to extract oribatid mites with Tullgren funnels. Mean number of oribatid mites collected in July and October was used to calculate the 
correlation coefficient with the values of the soil parameters mentioned below. For the analysis of the soil chemical properties, in October 1995, 3 
soil samples (10 cm in diam., 15 cm in depth) were taken from each plot, air-dried for 1 week and passed through a 5 mm mesh sieve. The 
contents of total soil carbon (T-C) and nitrogen (T-N) were measured by CN-corder (MT-600, Yanaco, Kyoto, Japan) and the concentration of 
nitrate nitrogen (water-soluble N0 3 ‘) in soil was determined by ion-chromatography (HPLC column, Hitachi, Tokyo, Japan). 


In Field II, 2 soil samples were taken using the above-mentioned sampler to collect oribatid mites, and hand-sorting was performed to collect 
macro-invertebrates (over 2-3 mm in length) in 2 quadrates in each plot before harvest of soybean in October 1994. Mean values of dry stem 
weight and length were obtained from 7 soybean plants selected randomly in each plot. 

a ontinue to: Results and Discussion 
^^ ^tack to: Contents 
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-Results 


Species richness and abundance in this study are indicated in Table 2 . The values were higher in plots A-C and G-I. Similarly a high density of earthworms 
was found in these plots, except for G. In Field II, species number of oribatid mites and individual numbers of macroarthropods differed among the 15 
plots. No earthworms were found in plots a, f and k-o. Fig. 1 shows that the lack of uniformity of the oribatid mite abundance among the experimental 
plots was maintained in 2 seasons, July and October, in other words, the density of oribatid mites was stable in each plot. As for the soil invertebrates used 
as indicators of soil properties, mean number of oribatid mites in July and October was positively correlated with the concentration of nitrate nitrogen 
(N0 3 -) measured in October, with a coefficient r=0.89; p<0.01 (Fig. 2) . The number of oribatid mites also was positively correlated with the content of 
total soil carbon and with the content of total soil nitrogen in the Gray Lowland soil (both: r=0.99; p<0.01) and in the Brown Forest soil (not statistically 
significant), but negatively in the Andosol (Fig. 3). 

Table 2. Species richness and abundance of soil fauna 


Oribatidsa) 

Earthworms 


Field I 

No. of species 
Individual no. 
Individual no. 


D 


H 

15 


22 


Oribatids 

Earthworms 
No. of macro¬ 
arthropods 


Field II 
No. of species 
Individual no. 
Individual no. 


Number relating to oribatids: /200 mL. No. to earthworms and macroarthropods: /2 quadrates, 
a): Species and individual number of oribatid mites are expressed as average of July and October. 
•Back 


Number of earthworms hand-sorted was positively correlated with the amount of soil aggregates with a diameter above 2 mm (r=0.85; p<0.01) (Fig. 4) , 
but the correlation was not significant for the aggregates with a diameter below 2 mm. 

As for the relation between the number of soil invertebrates and the growth of soybean in Field II, stem length of soybean was positively correlated with 
the numbers of earthworms and oribatid mites (r=0.62 and 0.54, respectively, both p<0.05) (Fig. 5) . Stem weight of soybean was positively correlated with 
the number of macroarthropods and earthworms, with coefficients r=0.61; p<0.05 and r=0.8; p<0.01, respectively (Fig. 6) . 

* Fig.l&2.(30 KB). Fig.3.(T5 KB). Fig.4.(15 KB). Fig.5&6.(37 KB) 
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-Discussion 


Fujita4] reported that the seasonal fluctuations of the density of oribatid mites were different between 2 crop fields (one covered with grass mulch and not 
tilled, the other treated with chemical fertilizer and tilled using a rotary machine). This study, however, showed that the density of oribatid mites did not 
change appreciably in 2 seasons in most of the plots of Field I (Fig. 1) . These findings may be attributed to the rather small size of the experimental plots 
enclosed with concrete blocks and subjected to specific soil management for 7 years. In Field I, the density of soil invertebrates was much higher in plots 
A-C and H-J covered with organic materials than in the cultivated plots (Table 2) . A similar tendency was found in Field II, suggesting that the soil 
animals benefit from the organic mulch which provides them a better habitat in keeping the soil moisture and supplying food. Paolettil3) noted that the 
amount of total soil nitrogen, but not the content of total soil carbon, was positively correlated with earthworm numbers. He, however, did not consider 
oribatid mites. This study indicated that the correlations between the numbers of oribatid mites and the content of total soil carbon or total soil nitrogen 
depended on the soil types (Fig. 3) , being positive in the Gray Lowland soil and the Brown Forest soil, whereas slightly negative in the Andosol. These 
results suggest that the Andosol differs from the other 2 soils in the decomposition pattern of soil organic matter,because oribatid mites must probably 
play an important role in the decomposition of organic substances in the soil by feeding on various diets, from microbes to dead remains of higher plants. 
The number of oribatid mites was correlated with the concentration of nitrate nitrogen regardless of the soil types. This fact may indicate that the 
determination of the number of oribatid mites is a useful indicator of the amount of nitrogen mineralized from organic matter. Earthworm numbers were 
positively correlated with the amount of soil aggregates (Fig. 4) , which contribute to the structure stability of earthworm casts 7,9) . High crop yield and 
stem elongation of soybean were associated with a high density of earthworms 11) . It was reported that earthworm casts exert a hormone-like effect on 
plant growth 1,17) . Although some correlations were also detected between the numbers of soil invertebrates and stem length and weight of soybean in this 
study, the mechanisms have not been elucidated. 
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n 

C 
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1 

J 

K 
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01 

Bf 

An 

01 

Bf 

An 

An 

01 

Bf 

An 

Gl 

Bf 




Tillage using rotary machine 
Nitrogen koutoc (lig/EO m*) 




+ 

+ 

■+ 




+ 

+ 

+ 




Inorganic 

Wheal plants 

Soybean plants 

Rite ilnw 

0.2 

0,2 

0.3 

0.2 

0,2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 




Field 11 

a 

b 

e 

d 

e 

f 

S 

b 

i 

J 

V 
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m 

It 

0 
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+ 

+• 
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Nitrogen source fltftVIO m J ) 











+ 

+ 

+ 
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Inorganic 
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Mulberry branches 
Chopped weeds 
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0.1 
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0.2 


0.1 

0.1 

0,1 
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-Abstract- 

Attempts were made to evaluate the regional fertility characteristics of the Philippine lowland soils and 
to identify the factors determining their productivity for rice cultivation. Eight soil characters, i.e. organic 
C, total N, available P 2 O 5 , total P 2 O 5 , exchangeable K, available Si0 2 , clay contents, and CEC for 52 
surface soil samples were considered. By factor analysis, 3 factors were extracted, representing the 
organic matter status, available potassium and silica status, and available phosphorus status. The scores 
of these 3 fertility components were computed for each sample and based on the mean values for each 
region, regional characteristics of soil fertility status were determined. Based on the relationship between 
each of the 3 fertility component scores and rice yield for the 30 plow-layer samples, any of the 3 fertility 
components was found to be significant for rice production. Furthermore, the lowest among the 3 fertility 
component scores was considered to control the productivity for rice cultivation. Thus, emphasis was 
placed on identifying and alleviating the soil constraints, in order to achieve rational nutrient 
management for higher rice production. 

Discipline: Soils, fertilizers and plant nutrition 

Additional key words: Factor analysis, fertility components, rice production, soil constraints, soil 
characters 
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-Introduction- 

In the Philippines, the rice area has not increased since 1975, due to the limit of expansion^). Thus, it is 
necessary to increase rice production by raising the yield to meet the requirements of the rapidly growing 
population. In this regard, it is essential to determine the potential capability of the Philippine lowland 
soils for rice production and to improve nutrient management to achieve a higher yield. The 
characteristics and fertility evaluation of the Philippine lowland soils were reported by Kawaguchi and 
Kyuma3). Based on this information, Miura et al.5) confirmed that the Philippine lowland soils exhibited 
a relatively high potential for rice production among the tropical Asian lowland soils, although some 
regional differences were significant, especially in the organic matter status associated with the rainfall 
conditions. On the other hand, based mainly on the data from the field experiments carried out during the 
rainy season in the Philippines, inherent productivity level and response to N rates were revealed for 4 
soil orders, i.e. Entisols, Inceptisols, Mollisols, and Vertisols, although the results varied considerably 
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due to the limited number of experiments*}). It thus appeared that the relationship of the soil fertility 
status with rice production had not been well documented. 

The present study aims at reevaluating the fertility characteristics of the Philippine lowland soils through 
the use of factor analysis of selected soil characters and to identify the constraints on rice production. 

-Materials and methods- 

1) Study areas and samples 

The soil samples used in this study covered 32 lowland soils selected from 6 lowland rice areas in the 
Philippines (Table 1) . According to Flores and Balagotl), the mean annual temperature in the Philippines 
is 27.0 with negligible regional variations, while the mean annual rainfall is 2,533 mm with considerable 
regional differences ranging from 934 to 4,305 mm. By setting a value of <100 mm rainfall for the dry 
months, as proposed by Manalo4), the whole country can be divided into 3 zones from the humid to arid 
extreme (Fig. 1) . 

An attempt was made to select typical lowland soils which cover large areas in a region. At each site, soil 
samples were taken from each horizon for laboratory analysis. Furthermore, information pertaining to the 
cropping pattern, use of fertilizer, rice yield, etc. was collected from the local farmers. Rice yield here 
refers to rough rice yield, which may not be a quantitative parameter but indicates the representative 
value for a long period of time under normal growth. As shown in Table 1 , rice cultivation was practiced 
at 30 of the 32 sites examined. For the 24 sites with double or triple cropping of rice, a larger amount of 
fertilizer was applied in the dry season than in the rainy season since growth was more vigorous in the 
dry season due to the larger number of sunshine hours. As a result, in general, rice yield was higher in the 
dry season cropping (average of 5.3 Mg ha -1 ) than in the rainy season one (4.7 Mg ha -1 ), although 
significant differences in rice yield among the sites were observed. In the present paper, rice yield of the 
rainy season cropping was selected for analysis, since more data were available. As for the rice cultivars, 
high-yielding modem varieties were adopted except for 1 site, i.e. COl. In the Philippines, almost 3 
million ha or 94% of the total rice area were planted to modem varieties in 19922). 

* Table 1(61 KB) Fig, 1. (26 KB) 

2) Analytical methods 

For the soil chemical analysis, the air-dried fine earth samples (<2 mm) were ground to pass through a 
0.5 mm mesh sieve. The amount of organic C was determined by wet combustion with a mixture of 
K 2 Cr 2 0 7 and H 2 S0 4 (Walkley-Black procedure). Total N content was determined by digestion with 
H2S04, distillation and titration (Kjeldahl procedure). Available P 2 C >5 was extracted with an acidic 
ammonium fluoride and the content was determined by spectrophotometry (Bray & Kurz No. 2 
procedure). The total content of P205, was determined by X-ray fluorescence spectrometry using 
samples subjected to a pressure of 20 t/cm 2 for 1 min. The exchangeable bases were extracted with 1 M 
NH 4 OAc (pH 7.0) by percolation. The amounts of exchangeable Ca and Mg were determined by atomic 
absorption spectrophotometry, and that of exchangeable K by flame emission spectrophotometry. After 
replacement of exchangeable bases with NH 4 OAc, washing with ethanol and replacement of NH 4 + with 
lOOg L _l KC1 were successively performed by leaching. To measure the CEC of the sample, NH 4 -N 
content was determined by distillation and titration. Available Si0 2 was extracted with an acetate buffer 
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solution (pH 4) and the content was determined by spectrophotometry. 

For particle size analysis using the fine earth samples, the silt (2 to 20 14m) and clay (<2 14m) fractions 
were analyzed by the pipette method, after removal of organic matter with H 2 0 2 and free Fe oxides by 
the DCB method, and dispersion with NaOH. 

3) Statistical methods 

For the statistical analysis, 52 surface samples among the 32 soils examined were processed. In order to 
characterize these surface soil samples, a factor analysis was adopted7). Factor analysis aims at 
transforming the original set of correlated variables into a new set of mutually uncorrelated variables in 
such a way that a few factors represent a large proportion of the total variance in the original data. 

In the course of preliminary trials, various attempts were made to select the variables which should be 
subjected to the final factor analysis. A set of 8 characters, i.e. organic C (OC), total N (TN), available 
P 2 0 5 (AvP), total P 2 0 5 (TP), exchangeable K (ExK), available Si0 2 (AvSi), clay (Clay) contents, and 
cation exchange capacity (CEC) of the 52 surface soil samples was used in the final factor analysis. 


SlContinue to: Results and discussion 
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—Results and discussion 

1) Extraction of fertility component 

Based on the factor analysis, 3 factors with eigenvalues larger than 1 were extracted, which together accounted for about 80% of the total 
variance, as shown in Table 2 , implying that these 3 new compound characters retain most of the information in the original variables. 

As seen from the final factor loadings after varimax rotation (Table 2) , Factor 1 was significantly related to OC and TN. Highly positive 
loadings on Clay and CEC reflected the control of organic matter accumulation by the clay content and the contribution of the amount of 
organic matter to CEC, respectively. Much lower factor loading on TP was ascribed to organic phosphorus to some extent. Thus, Factor 1 
which was considered to be related to the characters determined by the amount of organic matter, was thought to represent the "organic matter 
status (OM)". Factor 2 which was highly related to ExK and AvSi, represented the "available potassium and silica status (AK&Si)". Moderately 
high loading on CEC may be related to the base status, since positive correlations of the score of Factor 2 with exchangeable Ca (r=0.498, 
significant at the 0.1% level) and with exchangeable Mg (r=0.473, significant at the 0.1% level) were observed. Factor 3 clearly represented the 
"available phosphorus status (AP)", since the contribution of the other variables except for AvP and TP was negligible. 

Therefore, it can be considered that these 3 fertility components which are mutually independent, represent different aspects of soil fertility. 
Table 2. Eigenvalues, cumulative percentage of the total variance, factor loading of the 3 factors, and communality estimates of the 8 soil characters 



Factor 1 

Factor 2 

Factor 3 

Communalitv 

Eigenvalue 

3.21 

1.74 

1.44 


Cumulative (%) 

Soil character 

40.1 

61.9 

79.9 


OC 

0.926 

0.025 

0.056 

0.860 

TN 

0.928 

-0.015 

0.029 

0.862 

AvP 

-0.269 

0.200 

0.807 

0.763 

TP 

0.325 

-0.139 

0.779 

0.731 

ExK 

0.046 

0.792 

0.291 

0.714 

AvSi 

0.148 

0.872 

-0.251 

0.846 

Clay 

0.884 

0.189 

-0.118 

0.832 

CEC 

0.713 

0.507 

0.139 

0.785 


□Back 

2) Regional characteristics of the 3 fertility components 

The factor scores were computed for individual soil samples in order to evaluate numerically the fertility characteristics of the lowland soils 
examined. The scores computed for the samples were standardized with a mean of zero and a variance of unity. Therefore, positive score values 
indicate above-average status with reference to the overall mean for the 52 sample soils, while negative values below-average status. 

The mean values of the 3 fertility component scores estimated for each of the 4 regions on Luzon Island are shown in Fig. 2 . The mean values 
for the Iloilo and Cotabato regions were not used for the analysis due to the limited number of samples. The highest OM score was found in 
Bicol, due to the highest mean of OC, TN, and Clay. The highest mean of OC and TN was likely to be associated with the effect of humid 
climatic conditions on the accumulation of organic matter in Bicol (Fig. 1) . The highest mean of Clay may be ascribed to the topography of the 
sampling sites, mostly on or near the back swamps of the lower reaches of the Bicol River. On the other hand, the lowest mean of OM score 
was observed in Central Luzon under the much drier climatic conditions (Fig. 1) , although the 3 samples located on or near the back swamps 
with relatively high Clay, OC, and TN, showed exceptionally positive scores. 

The mean AK&Si score was highest in Laguna, while the lowest in Central Luzon. However, appreciable differences in the score were 
observed among the Cagayan Valley samples: 1 sample on the river terrace showed a very low score, while 2 samples on the valley plain very 
high scores. The moderately positive correlation of the AK&Si score with the CEC/Clay ratio (r=0.523, significant at the 0.1% level) may 
indicate that available potassium and silica status is associated with the nature of clay, determined by the parent materials or degree of 
weathering, or both. 

The mean AP score was by far the highest in Cagayan Valley, although 1 sample on river terrace showed a very low score. On the other hand, 
the lowest score was recorded in Bicol, although 2 samples showed very high scores, one of them located on the flood plain in the vicinity of 
the foot of a mountain where unweathered materials can be easily transported. The weak positive correlation between the AP score and 
CEC/Clay ratio (r=0.400, significant at the 1% level) roughly indicates that the available phosphorus status is related to the nature of clay. 

The above results on the regional characteristics are in agreement with those obtained previously5), suggesting that the adoption of a factor 
analysis is valid. 

Fig. 1 .(26 KB). Fig.2.(14 KB) 

3) Limiting factors to rice production 

To analyze the relationship between the soil fertility status and rice yield, a plow-layer soil sample was used here for each of the 30 lowland 
soils under rice cultivation in the 6 study areas. Based on the relationship between the OM score and rice yield, it appeared that the samples 
with a higher score tended to show a higher rice yield, except for the 6 samples with relatively high OM scores (Fig. 3a) , suggesting that 
organic matter exerts a beneficial effect on rice production. The lower rice yield than expected from the OM score for the 6 samples may be 
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ascribed to some factors, as shown in Table 3 . The lowest rice yield in 1 sample from Cotabato, COl should be attributed to the cropping of a 
traditional cultivar which can not attain a higher yield, since no particular constraints were identified from the 3 scores. For the other 5 samples, 
either of the other 2 fertility components showing a lower score may be significant for determining rice production. As for the relationship 
between the AK&Si score and rice yield, samples with a higher score tended to show a higher yield, except for 5 samples, indicating the 
beneficial effect of available potassium and silica (Fig. 3b) . The limiting fertility components for the 5 samples could be deduced from Table 3. 
A similar trend was observed from the relationship between the AP score and rice yield (Fig. 3c) , except for 6 samples (Table 3) . 

Based on the above results, all the 3 fertility components appeared to play a significant role in rice production. Based on the law of the 
minimum according to which any essential nutrient with a deficient level determines crop production, any fertility component with the lowest 
level may control rice yield. As shown in Table 4 , the possible cause of low rice yield of <4 Mg ha-1 could be identified for the 6 samples. In 
the case of 3 samples, NE4, IS 1, and IL1, all the 3 scores showed negative values, indicating that all these constraints could be responsible for 
the low rice yield. 

Therefore, it is essential to determine the actual soil fertility status in individual rice fields, e.g. through soil diagnosis, in order to identify and 
alleviate soil constraints on rice production. Rational nutrient management involving adequate and balanced fertilizer application should be 
applied in the Philippine lowland soils, in order to increase rice production or to secure a stable supply as a whole. 

* Fig.3.(14 KB) 


Table 3. Three fertility component scores for exceptional samples 


Noa l Region Sample OM AK&Si AP Yield (Mg ha -'i 

1) Exceptional samples for the relationship between OM score and rice yield 


al Cotabato COl 

a2 Bicol CS4 

a3 Bicol CS3 

a4 Bicol CS1 

a5 Bicol CS5 

a6 Central Luzon NE8 


2.61 0.09 0.27 

2.33 -1.25 1.99 

2.27 0.25 -0.57 

2.01 -0.14 -0.67 

1.73 -0.60 0.17 

1.39 -1.11 0.95 


2.0 

3.3 

5.0 

6.0 

5.5 

4.0 


2) Exceptional samples for the relationship between AK&Si score and rice yield 


bl Laguna LAI 

b2 Cagayan Valley CA1 

b3 Laguna LA2 

b4 Central Luzon PA1 

b5 Cotabato COl 


0.49 2.75 -0.44 

0.31 1.62 1.63 

-0.20 1.45 0.58 

-0.54 0.64 1.17 

2.61 0.09 0.27 


3) Exceptional samples for the relationship between AP score and rice yield 


cl Bicol CS4 

c2 Cotabato C02 

c3 Cagayan Valley CA1 

c4 Bicol AL1 

c5 Central Luzon PA1 

c6 Cotabato COl 


2.33 -1.25 1.99 

-0.77 0.12 1.72 

0.31 1.62 1.63 

-0.14 0.35 1.52 

-0.54 .064 1.17 

2.61 0.09 0.27 


3.3 
4.0 
4.0 

4.4 
2.8 
2.0 


a): The number corresponds to the number indicated in Fig.3. 
■ Back 


Table 4. Three fertility component scores for the samples with lowest 6 rice yields 


Region Sample 

Cotabato CO la) 

Central Luzon NE4 

Cagayan V alley IS 1 

Central Luzon PA1 

Bicol CS4 

Iloilo IL1 


OM AK&Si AP 

2.61 0.09 0.27 

-1.03 -1.20 -0.88 

-1.01 -1.69 -0.86 

-0.54 0.64 1.17 

2.33 -1.25 1.99 

-0.34 -0.94 -0.73 


Yield (Mgha-1) 

2.0 

2.3 
2.8 
2.8 

3.3 
3.5 


a): The lowest rice yield was caused by the cultivation of a traditional variety. 
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Fig.2. Pattern of the mean fertility component scores for the 4 study areas 
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Fig.l. 

Classification of climatic zones in the Philippines based on the number of dry months 
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Fig.3. 

Relationship between each of the 3 fertility component scores and rice yield 
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Operation of a Diesel Engine Using Unrefined Rapeseed 
Oil as Fuel 
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-Abstract- 

This report deals with experiments carried out to examine the possibility of using unrefined rapeseed oil 
as a substitute for light oil in a small diesel engine. The authors carried out tests on short-term 
performance, long-term operation and no-load continuous operation using various kinds of unrefined 
rapeseed oil (deacidified oil, degummed oil and crude oil) produced in the process of refining, and 
refined rapeseed oil and light oil for comparison. Specific fuel consumption, thermal efficiency, 
exhaust-gas temperature, and density of black smoke in exhaust-gas were examined in tests on short-term 
performance and long-term operation. The amount of deposits in the precombustion chamber and on the 
injection nozzle was determined in tests on no-load continuous operation. As a result, it was considered 
that deacidified rapeseed oil can be used as fuel for a diesel engine. Degummed oil and crude rapeseed 
oil were found to be unsuitable for use as fuel due to the high level of incombustible materials in oil. 

Discipline: Agricultural machinery 

Additional key words: substitute fuel, deacidified oil, degummed oil, crude oil, incombustibility 
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—Introduction- 

Many studies on the use of plant oil as substitute fuel for a diesel engine have been carried out after the 
oil price increased in 1973 2,3,6,7,9-11) . The authors also carried out experiments on the possibility of 
using unrefined rapeseed oil as a substitute for light oil in a small diesel engine. The main reason for 
using plant oil as a substitute fuel is that farmers can produce the fuel material by themselves, without 
requiring the complex process of refining from crude oil. Rapeseed oil was selected in this study because 
rapeseed is cultivated widely and conveniently in Japan. 

The engine must be easily started, and requires low combustion noise and good load performance 1}. In 
addition to these 3 conditions, reliability and stable operation performance over long running periods and 
low carbon coating to the combustion chamber in the no-load operation with the substitute oil are 
required. 

In this paper, the authors carried out short-term performance tests, long-term operation tests and no-load 
continuous tests using various kinds of unrefined rapeseed oil (deacidified oil, degummed oil and crude 
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oil). 


-Materials and methods- 

1) Materials 

The fuel used for the experiments consisted of various kinds of unrefined rapeseed oil (deacidified, 
degummed and crude oil) and refined rapeseed and light oil. Preparations of deacidified, crude and 
refined rapeseed oil were produced by N Co., degummed rapeseed oil by R Co. and light oil consisted of 
No.2 diesel oil. 

The characteristics of each kind of fuel were defined by measuring the density, net calorific value, 
kinematic viscosity, content of incombustible materials and fatty acid composition (Table 1) . The content 
of incombustible materials was determined by a method involving the measurement of carbon residues. 

The short-term performance tests and long-term operation tests were conducted on an A-diesel engine, 
and no-load continuous tests on a B-diesel engine (Table 2) . 

Engine power was measured with an electric dynamometer connected to a diesel engine by 2 V-belts of 
B-type. Fuel was supplied through a burette, and fuel capacity was calculated by determining the 
consumption time of the volume of fuel. 

Density of black smoke in exhaust-gas which was inhaled for 4 s through a filter paper was measured 
with a smoke tester. The measuring point of exhaust-gas temperature was located about 10 cm inside of 
the muffler. 

* Table 1.(19 KB), Table 2.00 KB) 

2) Short-term performance tests 

The operating mode of the short-term engine performance tests was as follows: warming operation time 
was 20 min(l,800 and 2,000 rpm), 75 load operation time 160 min(2,200 rpm), no-load operation time 5 
min, and rated load operation8) time 25 min (Fig. 1) . Engine power, fuel capacity, density of black 
smoke in exhaust-gas and exhaust-gas temperature were measured every 10 min in 75 load operation, 
and every 5 min in rated load operation. 

Fuels used included, in the following order,light oil, deacidified oil, degummed oil and crude oil in the 
test. 

3) Long-term operation tests 

The conditions for the long-term operation involved rated revolutions and 75 load. The total target time 
of the long-term operation was 200 h, and of the continuous operation about 5 h in each operation. 

Engine performance tests were carried out every 25 h in the same way as in the rated load operation 
shown in Fig.l( 18 KB) . For the engine performance tests, light oil was used as fuel every 100 h. 

The amount of deposits in the precombustion chamber and on the injection nozzle in the long-term 
operation was monitored. Accordingly, the precombustion chamber and the injection nozzle were 
replaced each time fuel was replaced. 

4) No-load continuous operation tests 
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The conditions for no-load continuous operation for each kind of fuel included rated revolutions (2,400 
rpm), and the target time of the continuous operation was 100 h. As in the long-term operation, the 
precombustion chamber and the injection nozzle were replaced each time fuel was replaced. 

The incombustibility in the precombustion chamber was expressed by the residual quantity after the 
deposits of the no-load continuous operation were put in the electric furnace at 550 for 30 min. In 
addition, the combustible materials in the electric furnace consisted of carbon. 


SlContinue to: Results and discussion 


lack to: Contents 
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-Results and discussion- 

1) Short-term performance tests 

Figs.2 and 3 depict the 75 load operation performance and rated load operation performance. 

* Fig.2.(30 KB), Fig.3.(28 KB) 

The consumption of deacidified oil was almost the same as or slightly lower than that of light oil. The thermal efficiency of deacidified oil was 
2.2-5.8 higher than that of light oil in each performance test. The combustion speed of deacidified oil was high because of the oxygen content in 
the fuel, and the exhaust-gas temperature of this oil was 3-20 lower than that of light oil. Deacidified oil also had a lower d ensity of black 
smoke in exhaust-gas than light oil. 

The fuel consumption of degummed oil was almost the same as or slightly lower than that of deacidified oil and light oil. The thermal efficiency 
of degummed oil was the same as that of deacidified oil. The exhaust-gas temperature and density of black smoke in the exhaust-gases of 
degummed oil were about the same as those of deacidified oil and were lower than those of light oil. 

The consumption of crude rapeseed oil as fuel was higher than that of deacidified oil and light oil. The thermal efficiency of crude rapeseed oil 
showed a lower value than that of deacidified oil. The exhaust-gas temperature of crude rapeseed oil in the 75% load operation increased 
gradually in relation to the running time and increased suddenly after 2 h and 30 min. The density of black smoke in the exhaust-gas also 
increased suddenly after 2 h and 30 min of operation. 

The thermal efficiency of refined rapeseed oil in a diesel engine with 2.57 kW rated power, 2,000 rpm rated revolution and 21.6 compression 
ratio, was almost the same as that of light oil6). The thermal efficiency of refined rapeseed oil in a diesel engine with 4.41 kW rated power, 

1,200 rpm rated revolution and 20.0 compression ratio was higher for high load and high revolutions, and lower for low load and low 
revolutions^} than that of light oil. And the thermal efficiency of refined rapeseed oil in a large diesel engine with 41 kW rated power, 3,000 rpm 
rated revolution was about 2% higher than that of light oil in low to high load operations5). 

It was considered that the thermal efficiency increased not only under high load but also low load operation conditions, because deacidified oil 
with defective ignition showed a shorter ignition lag, causing high temperature in the combustion chamber when the engine conditions involved 
high compression ratio and high revolutions. 

Incombustible deposits were detected on the injection nozzle and injected fuel spray was adversely affected by this build-up, which was 
associated with the incombustible materials present in crude rapeseed oil. As a result, the loaded performance decreased while the exhaust-gas 
temperature and density of black smoke in exhaust-gas increased. 

2) Long-term operation tests 

Fig. 4 (33 KB)shows the thermal efficiency of engine performance every 25 h. 

Through out the 200 h of operation using deacidified oil, the power was stable for the entire period and no accumulation of deposits was found 
on the injector nozzle although an amount of 0.153 g of incombustible deposits was detected in the precombustion chamber. 

Irregular revolution and detonation noise started to occur after about 20 h of operation in the engine when degummed oil was used as 
fuel,leading to the interruption of the operation after 25 h. A large quantity of incombustible deposits was detected around and on the injection 
nozzle after 25 h of operation. Therefore degummed oil produced a large quantity of incombustible materials in the combustion chamber, 
precombustion chamber and on the injection nozzle. This phenomenon is due to the fact that degummed oil contains a large quantity of 
incombustible materials which affected the length of the operation time. Since the injected fuel spray was impeded by the incombustible 
deposits on the nozzle, the ignition lag increased and the engine performance was reduced. Therefore the operation of the engine was impossible 
under such adverse conditions. Engine operation using degummed oil was satisfactory only when the build-up of incombustible deposits was 
low. 

In the engine fueled by crude oil, irregular revolution and detonation noise started to occur after about 40 h of operation. After 50 h, the 
precombustion chamber and the injection nozzle were cleaned. But, again after 160 h, irregular revolution and detonation noise were observed, 
leading to the interruption of the operation after 175 h. A large amount of incombustible deposits was detected in the port connected to the 
combustion chamber, on the injection nozzle and in the precombustion chamber (Fig. 5) (9KB) 

3) No-load continuous operation tests 

Fig. 6 (18 KB) shows the relationship between the amount of deposits in the precombution chamber and thecontent of incombustible materials in 
fuel. Fig. 7 (17 KB), shows the amount of incombustible materials in the precombustion chamber. 

The amounts of carbon and incombustible materials in the precombustion chamber were 0.222 g and 0.003 g, respectively in the no-load 
operation when deacidified oil was used (Table 3) . The deposits consisted almost completely of carbon due to the incomplete combustion 
associated with the low combustion temperature. The content of incombustible materials of the fuel was significantly correlated with the 
accumulation of deposits in the precombustion chamber in the no-load operation, and the amount of accumulated deposits could be estimated by 
measuring the content of incombustible materials. In the fuel a very small amount of carbon was found around the injection nozzle when 
deacidified oil, refined oil and light oil were used as fuel. 
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Table 3. 

Deposits and incombustibility in the percombustion chamber after 100 h of no-load continuous operation 

(unit:g) 



Depositsb) 

Incombustibility 


Rapeseeed oil 
/Deacidified oil 

0.225 

0.003 


/Degummed oila) 

1.103 

0.833 


/Crude oil 

0.655 

0.245 

a): Operation time: 85 h. 

/Refined oil 

0.208 

0.001 

b): Carbon = deposits - incombustibility. 

Light oil 

0.123 

0.012 



During the no-load operation, irregular revolution and detonation noise started to occur after about 80 h of operation in the engine fueled by 
degummed oil. As a result the operation of the engine stopped after 85 h. The accumulation of deposits in the precombustion chamber of the 
engine operating with degummed oil was 1.103 g, a value about 5 times higher than when deacidified oil was used. The amount of 
incombustible materials was 0.833 g. The accumulated deposits contained a large quantity of gum which coated the wall of the precombustion 
chamber and produced a thin film on the injection nozzle. The gum adhered to the head of the injection nozzle in the no-load operation when 
degummed oil was used as fuel (Fig. 8) ( 8 KB). 

Accumulated deposits amounted to 0.655 g in the precombustion chamber when crude rapeseed oil was used, a value 3 times higher than when 
deacidified oil was used. The amount of incombustible materials was 0.245 g. Gum accounted for a large part of the accumulated deposits and it 
adhered to the wall of the precombustion chamber and the port connected to the combustion chamber. Gum adhered to the head of the injection 
nozzle in the no-load operation when crude rapeseed oil was used, in the same way as when degummed oil was used as fuel. 

A recently developed method of removing gum from rapeseed oil by the elimination of organic acids does not always remove all of gum present 
in oil. Therefore, in terms of diesel fuel the degummed oil provided by the manufacturer is, in fact considered to be comparable to crude oil. 

The maximum content of incombustible materials in oil for use as substitute fuel was estimated to be about 0.01%. 

—Conclusion- 

This report deals with experiments carried out to examine the possibility of using various kinds of unrefined rapeseed oil (deacidified oil, 
degummed oil and crude rapeseed oil) as a substitute for light oil in a small diesel engine. 

The results are summarized as follows: 

(1) Deacidified rapeseed oil was superior to light oil in terms of load performance and black smoke density in exhaust-gas. The amount of 
accumulated deposits in the precombustion chamber and on the injection nozzle after long-term load operation and no-load continuous operation 
tests was almost the same for deacidified rapeseed oil and refined oil. Deacidified rapeseed oil was considered to be suitable for use as fuel for a 
diesel engine. 

(2) The degummed oil provided by the manufacturer was considered to be comparable to crude oil. When there were no incombustible deposits 
on the nozzle, the use of degummed oil was preferable to that of light oil in terms of operation performance, and both the exhaust-gas 
temperature and the density of black smoke in exhaust-gas were lower compared with light oil. However in the long-term load operation and 
no-load continuous operation, deposits of incombustible materials consisting essentially of gum adhered to the inside of the precombustion 
chamber and the injection nozzle. The normal spray of injected fuel was difficult, leading to a reduction of the performance and to the 
interruption of the operation of the engine. 

Rapeseed degummed oil produced by the method of removal of organic acids was found to be unsuitable for use as diesel fuel. 

(3) The load performance when crude rapeseed oil was used was slightly lower than when deacidified oil was used. A large quantity of 
incombustible materials, chiefly gum, was deposited in and adhered to the combustion chamber, precombustion chamber and the injection 
nozzle. The size of the build-up was related to the running time. As a result, the nozzle became blocked, detonation noise occurred and 
eventually the engine stopped. Crude rapeseed oil with a high content of incombustible materials was found to be unsuitable for use as fuel for a 
diesel engine. 
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Fig-2. 

Engine performance in 75% load operation 
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Fig-4. 

Thermal efficiency in rated load operation 
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Fig.5. 

Injection nozzle after long-term operation using 
crude rapeseed oil 
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Deposits in the precombtj$tiori chamber (g) 

Fig-6. 

Relationship between the amount of deposits in 
the precombustion chamber and the content of 
incombustible materials in fuel 
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Fig.7. 

Amount of incombustible materials in the percom- 
bustion chamber after no-load continuous operation 
using rapeseed oil 
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Fig.8. 

Injection nozzle after no-load continuous 
operation using degummed rapeseed oil 
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Table 1. Characteristics of used 
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Table 2. Secification of engines 



A-Engice B-Engine 

Manufacturing company 

Engine model 

T>pe 

Combustion system 

Bore * urake [mm a mm) 

Rut«d output ffcW/rpm) 

Maximum output (kW/rpm) 
Compression ratio 

Injection time 

InjeoJon notek 

Monk opening pressure (MPa) 

VanmaT Diesel Co., Ltd. Vtnmu Lhttt! Co.. Lid. 

NSA4QG HA4E 

4-Stfoke cycle diesel engine 4-StroJte cycle diese] engine 

PrecomlJUfiiOn chamber type Precombusticun chamber type 

S?6* a 66 St66 v iSt' 

2,37/2,300 2.57/3.400 

2.^4/2,200 2,54/2.400 

23,5 23.5 

10' BTDC 16.5' WTXVT 

Pintk type Pintk lype 

13,7 IJ-7 


A-Eniinc; Test* Oh shorwentt performance and Icng'ierm operation. 
B-Engine: Test or no-load continuous operation. 


C5 

■ V JBack 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-2/Togashi/table2.htm [10/7/2002 9:20:06 PM] 













2200 

2000 

1800 

1600 

1400 


Fig.l. 

Operating mode of short -term engine performance tests 
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Estimation of Flowering Date and Temperature Characteristics of Fruit Trees by DTS 
Method 
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(Kuchinotsu, Nagasaki, 859-2501 Japan) 
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-Abstract 

A theory and a method were developed for obtaining temperature characteristics for the flowering period of deciduous and citrus fruit trees from the number of days 
transformed to standard temperature (DTS) based on the Arrhenius law. Three temperature characteristics, i.e. (1) starting date of calculation (ST day), (2) temperature 
sensitivity (Ea) or temperature coefficient of growth rate (K) and (3) DTS from ST day to flowering time, were determined in a total of 186 cultivars from 11 species 
on the Main Island of Japan (Honshu) based on the daily mean air temperature and flowering date recorded over a period of at least 10 years. These temperature 
characteristics differed among cultivated species and may enable to estimate the flowering date. 
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Introduction 

The climate of the islands of Japan ranges from subpolar to subtropical. Most of the fruit orchards are located on hillsides and are exposed to extreme weather 
conditions due to the elevation and topography of the sites. Development of new land for fruit production depends on the accurate estimation of the growing period. 
Predictive methods for estimating the flowering period could facilitate orchard management practices such as artificial pollination, hormone treatment and cultivation 
control. A theory was proposed based on the number of days transformed to standard temperature (DTS) derived from the Arrhenius law, and a method (DTS method) 
was developed by analyzing the relationship between the biological activity and temperature^). Although the Arrhenius law has been applied to higher plants 6-8,10) , 
there is no report in which temperature characteristics have been used to improve plant growth. We have shown that temperature characteristics based on the 
Arrhenius plot can be used effectively to determine the budding and flowering period of Japanese pear trees 10). Omoto and Aono9) were able to estimate the 
flowering date of Prunus yedoensis at 21 meteorological stations in Japan by using the DTS method. 

An Arrhenius plot of the growth of higher plants has been reported to give a straight line with a negative slope or a line broken into 2 parts, in the range between the 
temperature of physiological zero and that at which protein denaturation occurs 6,8) . Our experiments have shown that the Arrhenius plot of the flowering period of 
Japanese pear trees gives linear plots at 7-20, and that the Arrhenius law can be effectively applied to the flowering period 10). Thus, temperature characteristics were 
calculated assuming that the Arrhenius law could also be applied to fruit trees other than Japanese pear. 
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- Theory and methods 

The relationship between the growth rate constant(k) and temperature can be expressed by equation (1) according to the Arrhenius law. The DTS is defined as the 
number of days transformed to standard temperature. The equation for the calculation of DTS can be derived as follows : 

The ratio of the growth rate constant (k) at arbitrary temperature (T) to (ks) at a standard temperature (Ts) can be represented by equation (4) using equation (1). 

k = Auexp(-Ea/RT)-(1) 

dk/dT = AuEa/RT 2 uexp(-Ea/RT) = kuK -—(2) 

K = Ea/RT 2 -—(3) 

m = k/ks = exp;Ea(T-Ts)/RTTs=-(4) 

where k: growth rate constant (day -1 ), 

Ea : apparent activation energy (JmoH ), 

R : gas constant (8.314 JK-1 mol’ 1 ), 

T : absolute temperature (deg -1 ), 

K : temperature coefficient of growth rate (deg -1 ), 

A : constant, 

ks : growth rate constant at standard temperature Ts, 
m : conversion coefficient. 

Selecting 20 as the standard temperature, the daily 20 DTS can be expressed as follows. 

Daily 20 DTS = exp;Ea (t-293)/586T=—~(5) 
where t is the daily mean temperature. 

The following 3 temperature characteristics must be obtained for each tree species to estimate the flowering date. 

(1) ST day : Starting date of calculation, 

(2) Ea : Temperature sensitivity 10), 

(3) DTS : DTS from ST day to the flowering date. 

First step was to calculate the mean DTS from arbitrary Ea in each year using the flowering date for at least 10 years. The next step was to compute the residual sum 
of squares (RSS)for the difference between the estimated and observed flowering period. The optimal temperature characteristics, i.e. ST day, Ea, DTS, gave the 
minimum RSS. 

Calculation was conducted using the personal computer program FLOWER based on the date for fullbloom and the daily mean air temperatures in each year, using 20 
as the standard temperature. Phenological data were recorded for apple, pear, grape, peach, persimmon, chestnut, plum, blueberry, satsuma mandarin and other citrus 
trees. Data used included the daily mean air temperatures. Data on the date of flowering were kindly provided by 57 public research institutes. 

-Results and discussion- 

Temperature characteristics were obtained with considerable accuracy from the calculation of the observed dates and the estimated dates of flowering in 186 cultivars 
from 11 fruit tree species in Honshu. Typical dates for apple, pear, peach, plum, grape, persimmon, chestnut, satsuma mandarin and navel orange trees are shown in 
Fig. 1 . In some cases the estimated dates that were different from the actual observed dates were obtained during a year with unusual weather. These results show that 
temperature characteristics up to the flowering period can be obtained with a good accuracy using the DTS method from Kagoshima to Hokkaido for almost all the 
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cultivated species of fruit trees. 

The ST day for navel orange was estimated to be January 10 when RSS was smallest, and that for persimmon February 25 when minimum RSS was observed between 
February 20 through March 1. Except for some cases, estimation of the ST day was easily obtained. Therefore, it is important to give a physiological interpretation to 
the ST day, rather than a mathematical interpretation. The estimated ST day in the present study fell in early January for citrus trees, early February for peach trees, 
mid-February for apple, pear and plum trees, late February to early March for grape, persimmon and chestnut trees. Based on the reports on cold hardiness and 
dormancy, these periods were found to correspond to those when endodormancy had been terminated 1-3,5) . 

Fig. 2 shows the relationship between the standard temperature and DTS obtained from temperature sensitivity (Ea) values of various fruit trees in the central part of 
Honshu Island. Since the Ea value varied among tree species, the change in the rate of DTS was different at various standard temperatures and could be classified into 
2 groups (Fig. 2) . At 20, the first group consisting of apple, pear, peach and plum trees, flowered between 10 and 25 days, the second group con sisting of grape, 
persimmon, chestnut and citrus trees, flowered between 47 and 58 days. In the central part of Honshu, the first group flowered from late March through mid-April, 
while the second group flowered from mid-May through early June. In the second group, the ST day for citrus fell early in mid-January while that for grapes, 
persimmons and chestnuts fell in late February. Interestingly, there was a difference in the growth period from the endodormancy to the flowering period even though 
the groups showed the same flowering period. 


Fig.l.(59KB), Fig.2.(19KB) 

Temperature characteristics of cultivated species in the central part of Honshu are shown in Table 1 . Ea values ranged from 75 to 92 kJ mol-1 except for plums, the 
difference being negligible among the cultivated species. The K values calculated from equation (3) were in the range of 0.105-0.129, suggesting that the change of 
one degree in the air temperature caused a 10.5-12.9 change in the growth rate. Plums had a K value of 0.152 and were the most sensitive to the change in the air 
temperature among the cultivated species. Such a difference in Ea was reflected in the DTS. For example, chestnuts flowered within approximately 58 days at the 
standard temperature of 20, being the slowest among the tested trees, and yet, below 12.5, they showed the shortest flowering period (Fig. 2) . 


Table 1. Values of temperature characteristics determined by DTS method for fruit tree flowering 
(central part of Honshu Island) 


Leading cultivar Days transformed to the standard 

temperature 

(DTS) 


Temperature 

sensitivity 

(Ea) 




IT 


47.9 


w 


0.72 

1.22 

1.35 


SSual 

c) :Ea; kJ mol-1. 

d) : Correlation coe 


7^1 


79.41 

75.23 

83.59 

91.95 


8.78 

7.10 

10.03 

6.27 

7.10 

18.39 

9.19 


Feb. 15 
Feb. 15 
Jan.20 
Feb. 10 
Feb.20 
Feb.25 
Mar. 15 

Jan. 15 




Number of 

years used 
for calculation 



& 

L— Forward to:-Mechanism of Off-Flowering Date and Temperature Characteristics of Fruit Trees- 
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Fig. 1. Relationship between observed and estimated flowering data by dts method in fruit trees 
Ea: kJ mol-1, dts: days with 20 standard temperature. 
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Fig 

Fig.2. 

Relationship between standard temperature and 

DTS based on temperature sensitivity (Ea) in various fruit trees (Table 1) 
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-Abstract. 

Mechanism of the production of off-flavor in Brassica vegetables, mainly broccoli stored under anaerobic conditions was studied. 
Methanethiol and dimethyl disulfide were identified as the volatile sulfur compounds in the headspace of anaerobically stored Brassica 
vegetables, including broccoli. When the activity of C-S lyase, a key enzyme for the formation of volatile sulfur compounds, was measured, 
no significant changes were observed in the C-S lyase activity in broccoli kept under anaerobic and aerobic conditions. The most obvious 
difference between anaerobically and aerobically kept broccoli was the degradation of the cell membranes. These results suggest that under 
anaerobic conditions volatile sulfur compounds are formed by the degradation of cellular membrane lipids and loss of intracellular 
compartmentation, allowing the enzyme-substrate reaction to proceed. Furthermore, the factors which affect the production of the volatile 
sulfur compounds, under anaerobic conditions were also investigated. Methanethiol which was one of the first compounds formed under 
anaerobic conditions appears to be primarily responsible for the off-flavor. Therefore, the chemical nature of the formation processes of 
methanethiol was also analyzed. 
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Additional key words: broccoli, storage, volatile sulfur compounds 
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-Introduction- 

Modifying the storage atmosphere by lowering 0 2 and/or increasing C0 2 prolongs storage life and enables to preserve the high quality of 
many fresh fruits and vegetables. Packaging with polymeric films with specific gas permeabilities creates a modified atmosphere which 
exerts a beneficial effect on the extension of the storage life of various fruits and vegetables. The composition of the atmosphere in the 
package depends on the respiration rate of the commodity and the gas permeation rate of the film. However, when the respiration rate 
increases because of the increase in the holding temperature, 0 2 concentration decreases and C0 2 concentration increases in the package to 
levels that result in the development of an off-flavor if the gas permeability of the film is insufficient. 

In Japan, Brassica vegetables are commercially important crops, and among Brassica vegetables, broccoli is a highly perishable commodity 
and its quality and shelf-life markedly depend on the storage conditions. Modifying the atmosphere storage of broccoli under suitable 0 2 and 
C0 2 conditions has enabled to extend the shelf-life of broccoli. However, fresh broccoli kept in modified atmosphere storage with very low 
0 2 and/or very high C0 2 levels produced an off-flavor, although the original appearance was retained7). Although the production of this 
offensive flavor appears to be a critical factor responsible for market losses in broccoli, the mechanism of off-flavor formation under 
anaerobic conditions has not been elucidated. An understanding of the mechanism(s) involved in the development of off-flavor could 
contribute to the improvement of the shelf-life of broccoli and the extension of its postharvest availability. In this paper, the mechanism of 
the formation of undesirable flavor in Brassica vegetables, especially broccoli stored under anaerobic conditions is described. 

-Off-flavor production in Brassica vegetables stored under anaerobic conditions- 

Brassica vegetables stored under anaerobic conditions developed off-flavor. As shown in Fig. 1 ( 10 KB), ethanol, acetaldehyde, methanethiol, 
and dimethyl disulfide were identified as the volatile compounds in the headspace of anaerobically stored broccoli ( Brassica oleracea L. var. 
italica). Ethanol and acetaldehyde formation may result from anaerobic respiration. Volatile sulfur compounds, such as methanethiol and 
dimethyl disulfide, are mainly involved in the production of the undesirable flavor of broccoli stored under anaerobic conditions. These 
volatile compounds were also formed in other Brassica vegetables, such as cabbage (B. oleracea L. var. capitata ), cauliflower (B. oleracea 
L. var. botrytis), Chinese cabbage ( B. campestris L. ssp. pekinensis) andkomatsuna (B. campestris L.) stored under anaerobic conditions. In 
Brassica vegetables, broccoli easily developed a strong off-flavor under anaerobic conditions. Therefore, broccoli was used as a material for 
the following experiments. 
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--Factors controlling the production of volatile sulfur compounds under anaerobic conditions- 

1) Plant parts 

A number of microorganisms have been reported to produce methanethiol. However, a recent study carried out by Derbali et al.8) suggested 
that volatile sulfur compounds produced in broccoli under anaerobic conditions were of plant origin, which was confirmed by using sterile 
broccoli seedlings. The proposed mechanism for the formation of volatile sulfur compounds in Brassica vegetables is illustrated in Fig. 2(19 
KB) . To determine the levels of volatile sulfur compounds, fresh broccoli florets were divided into flower buds and pedicels which were 
analyzed for the content of S-methyl-L-cysteine sulfoxide and the activity of C-S lyase. Production of methanethiol and dimethyl disulfide 
under anaerobic conditions was significantly higher in flower buds than in pedicels (Fig. 3)(18 KB) , and likewise, the content of their 
precursor, S-methyl-L-cysteine sulfoxide, was about 4 times higher in flower buds (Table 1) . The activity of C-S lyase, which catalyzes the 
conversion of S-methyl-L-cysteine sulfoxide to methanethiol and dimethyl disulfide, was significantly higher in flower buds than in pedicels 
(Table 1) . 


Table 1. Concentration of S-methyl-L-cysteine sulfoxide and activity of C-S lyase in fresh broccoli flower buds an dpedicels6] 


S-Methyl-l-cysteine 
sulfoxide 
(mg/g f.w.) 


C-S lyase activity 
(units/g f.w.) 


Flower buds 2.12 + 0.004 

Pedicels 0.51 ±0.086 


2) Temperature 

Fresh broccoli florets were stored at 10, 20, and 30 under anaerobic conditions. High temperature promoted the production of methanethiol 
and dimethyl disulfide from anaerobically treated florets (Fig. 4)( 20 KB) . It is well known that temperature is the major environmental factor 
in the postharvest life of fresh vegetables because, within the physiological temperature range, the velocity of a biological reaction, increases 
2- to 3-fold for every 10 rise in temperature. Therefore, the formation of methanethiol and dimethyl disulfide from anaerobically treated 
broccoli was affected by the temperature. 

3) Effect of the duration of the low temperature pre-storage period 

After fresh heads were pre-stored in the air at 1 for 7, 14 and 21 days, the florets were kept under anaerobic conditions. Low temperature 
pre-storage reduced the production of volatile sulfur compounds under anaerobic conditions, even though the S-methyl-L-cysteine sulfoxide 
content and C-S lyase activity did not decrease6). It is thus assumed that the decrease in the production of volatile sulfur compounds is due to 
other factors, along with the increase in the duration of the pre-storage period. The visual appearance, such as green color and tightness of 
head, deteriorated with the increase of the duration of the period of pre-storage at low temperatures. 


He., 
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—Mechanism of formation of volatile sulfur compounds. 

1) Loss of intracellular compartmentation 

To analyze the mechanism of formation of volatile sulfur compounds, freshly harvested broccoli were stored under anaerobic conditions. During the storage, 
there was no significant difference in the activity of C-S lyase between the anaerobically kept and aerobically kept broccoli, though a large amount of volatile 
sulfur compounds was generated3). These observations suggest that the formation of volatile sulfur compounds may not be associated with the increase in the 
activity of C-S lyase. The percentage of electrolyte leakage from flower buds sections of aerobically kept broccoli increased gradually during storage 
(Fis.5)( 13 KB) , whereas that from flower buds sections of anaerobically kept broccoli increased rapidly. Furthermore, the free fatty acid to total fatty acid ratio 
of both aerobically and anaerobically kept broccoli increased during storage, while the ratio in anaerobically kept broccoli was significantly higher than that in 
aerobically kept broccoli3)(data not shown). These results suggest that anaerobic treatment accelerated cell membrane degradation compared to natural 
senescence of broccoli under aerobic conditions. Significant cell membrane degradation was reflected by the large increase in the percentage of electrolyte 
leakage and the rise in the free fatty acid to total fatty acid ratio. Free fatty acid accumulation in the bilayered membrane has been correlated with the 
appearance of gel phase domains 1,11,12). The occurrence of gel phase lipid domains in the membrane leads to a packing defect resulting in the loss of 
selective membrane permeability, particularly to ions and small molecules. Presumably, the loss of membrane integrity contributes to the loss of intracellular 
compartmentation. 

Much of the characteristic odor and flavor associated with Brassica vegetables is due to the degradation of non-protein sulfur-containing amino acids, such as 
S-methyl-L-cysteine sulfoxide by C-S lyase in the tissues without reaction with the substrate until the tissues are physiologically and/or physically damaged. 

These results indicate that, under anaerobic conditions, volatile sulfur compounds, such as methanethiol and dimethyl disulfide are formed by the degradation 
of cellular membrane lipids and the loss of intracellular compartmentation, thus, allowing enzymes and their substrates to react. 

2) Methanethiol production 

Methanethiol which was one of the first compounds formed under anaerobic conditions appears to be primarily responsible for the offensive odor. Dimethyl 
disulfide may evolve from the oxidation of methanethiol. However, the chemical nature of the formation processes of methanethiol in Brassica has not been 
well-characterized. In this study, broccoli tissues were mechanically injured in order to disrupt intracellular compartmentation and the factors responsible for 
the formation of methanethiol from S-methyl-L-cysteine sulfoxide were investigated. 

A solution of disrupted fresh broccoli tissues was mixed with one of the reagents. Addition of L-methionine, L-cystine or oxidized glutathione to the solution 
did not induce the formation of methanethiol, whereas the addition of L-cysteine or reduced glutathione to the solution resulted in the production of a 
considerable amount of methanethiol and small amounts of some other unknown volatile sulfur compounds (Table 2) . Reducing agents (L-ascorbic acid or 
sodium borohydride), however, did not induce the production of more methanethiol, which indicates that free SH of L-cysteine or reduced glutathione is 
responsible for the formation of methanethiol. 

The fresh tissue solution was passed through a filter with a molecular weight cut off of 10,000. The filtrate was mixed with L-cysteine. A significant amount of 
methanethiol evolved after the addition of L-cysteine (Table 3) , suggesting that the reaction leading to the formation of methanethiol by the addition of 
L-cysteine, may not be enzymatic. However, the same tests with a tissue solution prepared from previously autoclaved broccoli failed to reveal the production 
of methanethiol, which indicates that enzyme(s) were involved in some steps of the pathway of methanethiol formation. 

Table 2. Effects of sulfur-containing amino acids, glutathione, L-ascorbic acid, and sodium borohydride on the formation of methanethiol in the headspace of 
stoppered test tubes containing a disrupted tissue solution of fresh broccoli 4 ) 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-2/Dan/dan2.htm (1 of 4) [10/7/2002 9:20:22 PM] 







dan2 


Treatment 

Control 
L-Cysteine 
L-Methionine 
L-Cystine 

Glutathione (reduced form) 

Glutathione (oxidized form) 

L-Ascorbic acid 
Sodium borohydrice 

The reaction mixture with each 10 mM reagent except for the control was incubated at 20 for 1 h. 

Table 3. Formation of methanethiol from disrupted tissue solution of brocoli 4 * 

Treatment Addition of L-cysteinea)(mM) 


Disrupted fresh tissue No 

solution 5 

Disrupted fresh tissue No 

solution 5 

(Mol. wt.<10.000 fraction) 

Disrupted tissue solution No 

prepared from heat-treated 5 

tissues 

The reaction mixture was incubated 20 for 1 h. a): Final concentration in the reaction mixture. 

Methanethiol is considered to be produced as a result of the conversion of S-methyl-L-cysteine sulfoxide to an unstable methanesulfenic acid intermediate by 
C-S lyase in Brassica which is then condensed and dehydrated to form more stable methyl methanethiosulfinate. The amount of methyl methanethiosulfinate 
which was detected in the solution of disrupted fresh tissues immediately after preparation (Table 4) , increased about 10 times during a 2-h incubation at 20. 
The reaction mixture of the solution of disrupted fresh tissues and S-methyl-L-cysteine sulfoxide released a large amount of methyl methanethiosulfinate. 
When L-cysteine was mixed with the solution of disrupted fresh tissues, methyl methanethiosulfinate disappeared. No methyl methanethiosulfinate was 
detected in the disrupted tissue solution, prepared from heat-treated broccoli. The thiolsulfinates, -SO-S-, react rapidly with L-cysteine2). The following 
reaction might have occurred in the mixture solution of methyl methanethiosulfinate and L-cysteine. 

CH 3 -SO-S-CH 3 + HS-CH 2 -CH(NH 2 )-COOH ’ 


Methanethiol 
(peak area x 10 ~ 4 ) 

0.7 

108.7 

1.3 

119.4 

0.6 

1.6 DBack 


Methanethiol (peak area x t(tf ) 


131.4 

0.7 


91.1 

0.8 


CH 3 -SH + CH 3 -SO-S-CH 2 -CH(NH 2 )-COOH 

Table 4. Methyl methanethiosulfinate formation in the disrupted tissue solution of broccoli after each treatment 4 * 
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Treatment 


Disrupted fresh tissue solution (initial) 

Disrupted fresh tissue solution incubated at 20 for 2 h 

Disrupted fresh tissue solution + 10 mM S-mithyl-L-cysteine 
sulfoxidea) incubated at 20 for 2h 

Disrupted fresh tissue solution + 5 mM L-cysteinea) incubated at 
20 for 2 h 

Disrupted tissue solution prepared from tissues exposed to 100 
for 10 min 


Methyl methanethiosulfinate 

(peak area x 10-4) 

5.2 


58.9 


229.9 


Not detected 


a): Final concentration in the reaction mixture. 


Not detected 


In our study, only a trace amount of methanethiol was produced after fresh tissue disruption, and almost concurrently with methyl methanethiosulfinate. 
Derbali et al.8) and Di Pentima et al.9) reported that a considerable increase in the content of free amino acids, particularly sulfur-containing amino acids and 
their derivatives, was observed in broccoli stored under anaerobic conditions, which resulted in the production of volatile sulfur compounds including 
methanethiol. Their findings suggest that methanethiol may be formed as a result of the reaction of methanethiosulfinate with free SH-containing amino acids 
and peptides under anaerobic conditions. 


-Prevention of off-flavor production. 

Methanethiol and dimethyl disulfide are derived from a common precursor, methyl methanethiosulfinate, which is a product of the C-S lyase-catalyzed 
degradation of S-methyl-L-cysteine sulfoxide. The selection of or breeding for cultivars with low S-methyl-L-cysteine sulfoxide content or C-S lyase activity 
may enable to develop broccoli with fewer undesirable volatile sulfur compounds under anaerobic conditions. Presently, there are no broccoli cultivars with an 
extremely low production of volatile sulfur compounds under anaerobic conditions5). Moreover, in common to Brassica vegetables, the production of volatile 
sulfur compounds is significantly higher in flower buds than in leaves or stems5). These findings suggest that the off-flavor is readily generated in broccoli 
compared with other Brassica vegetables, because the main edible portion of broccoli consists of flower buds. Therefore, proper storage and distribution 
management is presumably the major condition for postharvest handling of Brassica vegetables, especially broccoli. 
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Change in percentage of electrolyte leakage from 
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Effect of holding temperature on the 
formation of methanethiol and dimethyl 
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anaerobic conditions 
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Development of Silk Yarns for Knitted Fabrics 
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Department of Insect Processing Engineering, National Institute of Sericultural and Entomological Science 
(Tsukuba, Ibaraki, 305-8634 Japan) 

-Abstract- 

The mechanical characteristics of knitted silk fabrics prepared using salt-shrunk, fiber-dispersed and resin-treated silk yams were determined based on the 
Kawabata Evaluation System for Fabrics (KES-FB). These knitted fabrics had a very soft feel and were fluffy and light. The amount of starting material yam 
needed to obtain a knitted fabric of the same t hickness was smaller in the case of the processed yams compared with the unprocessed control yam. Among the 
mechanical properties determined, the fabrics made from the processed yams had higher values for the LT, WT, B, 2HB, LC, WC, MMD and SMD parameters, 
and lower values for the G, 2HG and 2HG3 parameters than fabrics made from the control yam. These changes in mechanical characteristics suggest that knitted 
fabrics made from the processed silk yams are flexible and elastic, have a higher resilience, and are soft and stretching. Although the primary hand feel (HV) 
parameters like 'Koshi' (stiffness), Eukurami' (fullness and softness), and 'Numeri' (smoothness) of the knitted fabrics made for winter outer garments from the 
processed silk yams were about the same as those of knitted fabrics made from the control yam, the former had a higher total hand feel value (THV) which is 
used for assessing fabric quality. Based on the determination of the various mechanical properties and the results of evaluation by users who wore the silk 
sweaters, it is considered that the salt-shrunk, fiber-dispersed and resin-treated silk yams after a good potential as yams for knitted fabrics. 

Discipline: Sericulture/Agricultural environment 
Additional key words: silk 
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1.12) References 

-Introduction 

Larger amounts of apparel fibers are currently used for making knitted fabrics than woven fabrics. However, in the case of silk yams, more than 80% is used as 
material for Japanese dresses which are made of woven fabrics. Only several percent of the total is used for the manufacture of western style woven or knitted 
products like dresses, women's undergarments, ties, etc. Various attempts have been made to produce silk yams with a crimped shape, as in the case of cotton, 
wool, and synthetic spun yams, in order to expand the use of silk yams for making knitted products3). 

The present author attempted to develop a crimped silk yam with good fiber dispersion characteristics by applying the salt-shrinking technique k). By immersing 
twisted silk yam with a twist coefficient of 1,500-2,500 in a hot (80) concentrated solution of calcium nitrate with a specific gravity about of 1.42 for about 1 
min, the fiber shrank by 10-40%. Then, by applying the fiber dispersion treatment and resin treatment to the surface, very fine irregular crimping could be 
obtained in the yam provided that the fibers were well dispersed. Knitted silk fabrics made from these processed yams were bulky and showed a high resilience 
against deformation, while being flexible and elastic. 
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-Materials and methods- 

1) Materials 

(1) Raw silk (27d x 6, Z200T/m) x 5, S150T/m, first twist coefficient= 2,546 

(2) Raw silk (27d x 4, Z200T/m) x 3, S150T/m, first twist coefficient= 2,078, 25 skeins 

(3) Raw silk (27d x 4, Z150T/m) x 3, SlOOT/m, first twist coefficient= 1,559, 16 skeins 

Samples (2) and (3) consisting of a total of 41 skeins of raw twisted yam, were placed in a cotton fabric sack and degummed in the sack, in a 10 g/L solution of 
Marseille soap. The degumming was performed at 95 to the boiling temperature, for 60 min, and the degumming operation was repeated twice. Thereafter, the 
silk yam samples were soaped and washed in warm water. The degumming loss was 24.2%. Sample (1) was used as unprocessed yam (control) for making 
knitted fabrics. This yam was also boiled in a sack for degumming, under the same conditions. 

2) Preparation of salt-shrunk, fiber-dispersed and resin-treated yarn 

The degummed twisted yam samples (2) and (3) were soaked and treated for about 30 to 60 sec at 80 in a concentrated calcium nitrate solution with a specific 
gravity of 1.415 to obtain a shrinkage scatter in the range of 30-50%. Thereafter, the yam samples were washed, subjected to fiber dispersion, surface-treated 
with resin, and treated with an anti-static agent, in that order. Processed yams Nos. 2 and 3 with salt shrinkage values of 32.3 and 48.8%, respectively, were 
prepared from sample (2) and processed yam No. 4 with a salt shrinkage of 39.0% was prepared from sample (3) (Table 1) . The shrinkage level was calculated 
from the original length of the yam and the yam length after the treatment, i.e. after soaking in the calcium nitrate solution, washing with warm water to remove 
the calcium nitrate, washing, and drying, according to the formula given below. 

Salt shrinkage (%) = [(Original yam length - Yam length after treatment) / Original yam lengthjxlOO 
Table 1. 

Salt shrinkage, resin uptake of yarns and weight of knitted silk fabric used for making measurements 


Yam 

Degumming 

Salt 

Resin 

Gauge No. a) 

Wale No. 

Course 

Weight 


loss 

shrinkage 

uptake 

(Rows x 


No. 

(g) 


(%) 

(%) 

(%) 

stitches) 




No.l 

25.4 



48x36 

56 

36 

13.74 

(Raw silk,27d x 6,Z2oo) x 5 ,S150 
No.2 







(5.50)b) 

(Raw silk,27d x 4,Z200) 
x 3, S150 

24.2 

32.3 

9.5 

50x36 

60 

36 

6.27 

No.3 

(Raw silk,27d x 4, Z200) 
x 3, S150 

24.2 

48.8 

9.1 

48x36 

52 

36 

7.31 

No.4 

(Raw silk,27d x 4, Z150) 

24.2 

39.0 

10.8 

52x38 

60 

38 

6.13 


x 3, S100 

a) : Gauge No., and course No. refer to a 10 x 10 cm area of fabric. 

b) : The weight given inside the parenthesis for the yam No.l is the value after conversion to the size (324d) of the processed yams Nos.2 and 4. 

3) Electron micrographs 

The processed silk yam was coated with gold and observed at an acceleration voltage of 15 kV using a scanning electron microscope JXA-733S (Nihon Denshi). 
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4) Preparation of knitted fabrics 

The fabric samples were machine-knitted and set by applying a steam iron for several minutes after placing a piece of cotton cloth over the fabric. The processed 
yam samples Nos. 2-4 listed in Table 1 were used for making the knitted products. Two lady's sweaters were prepared from each type of yam, with a total of 6 
sweaters, and evaluated by wearing. Separately, one piece of knitted fabric each, with about the same thickness, was made from the processed yams Nos. 1-4 
(Table 1) for determining the mechanical properties. 

To maintain uniform knitting conditions, it is generally desirable to keep the same gauge number for all the yams (Nos. 1-4). However, since the thic kn ess of the 
processed yams varied depending on the extent of shrinkage, for measuring the Kawabata Evaluation System (KES) hand values, it was seemed necessary to 
obtain fabrics with about the same thickness, rather than using the same gauge number for knitting. Therefore, the person who operated the knitting machine set 
the gauge number (yam density) at 48 to 50 rows x 36 to 38 stitches (10 cm xlO cm), by observing the processed yam (Table 1 ). The knitting machine operator 
had a high level of professional skill and a long experience. 

5) Determination of mechanical properties of the knitted fabrics 

Five groups of mechanical properties were determined, each 3 times, with a sample of the knitted fabric, using the "KPM-3-M" program for knitted 
fabrics 4,5,8) . The means of the values along the wale direction and the course direction were used to express the tensile, bending, shearing, and surface 
characteristics of the knitted fabrics. 

6) End use tests with the knitted products 

Four ordinary consumers in their 30's and 40's were asked to evaluate the knitted sweaters. They used the sweaters for about 4 months after which they were 
asked to evaluate their performance by answering a questionnaire. Resistance to washing was examined with the sweater samples that were worn and washed 
repeatedly. The questions included in the questionnaire and the method of testing adopted followed the "Testing of commercial washable silk products" manual 
prepared by Kokumin Seikatsu Center7). 

Washing and handling were performed as follows: washing for 2 min in warm water by repeatedly pressing down; squeezing out the water by pressing, rinsing 
for about 2 min, removing the water by placing the sweater in a net and spin drying for 10 sec, and drying by hanging in the shade on a rod. The neutral 
detergent Acron manufactured by Lion K.K. was used for the washing. 

The initial quality evaluation was performed before the first washing, through a questionnaire on the quality and wearing comfort of the sweaters. For quality 
evaluation after washing, the users were asked to give their opinion about wearing comfort after 5 washings, through a questionnaire. The shrinkage due to 
washing was measured and the fading of color and gloss was determined using a color computer SM-3-SCH manufactured by Suga Shikenki K.K. For 
determining the shrinkage, the length and bust size of the sweater before and after washing were measured following JIS L 10182) and calculated according to 
the formula given below. 

Shrinkage after washing (%) = [(Size before washing - Size after washing) / Size after washing] x 100 


a ontinue to: Results and discussion 
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—Results and discussion. 

1) Properties of knitted fabrics 

Electron micrographs showing the surface morphology of salt-shrunk, fiber-dispersed and resin-treated yam are shown in Fig. 1 . The 
yams had a very good fiber dispersion and the fibers did not stick together. The twisting and bending of the yam became more extensive 
with increased salt shrinkage. The trial products knitted from this type of processed yam had a very soft hand feel and touch and were 
very light with good bulkiness and heat retention (Fig. 2) . 

» Fig.l.(81 KB). Fig.2.(19 KB) 

Table 1 gives the values for the degumming loss, salt shrinkage and resin uptake of the processed yams, the gauge number, the actually 
observed wale number and course number of a 10 x 10 cm area; and the weight of a 20 x 20 cm piece of the knitted fabric. 

The weight and thickness of the knitted fabric were closely related to the denier and yam density. The weight of the fabric knitted from 
the unprocessed yam(No. 1) was, on the average, 2.1 times larger than that of the fabric samples made from the processed yams(Nos. 
2-4). This is a reflection of the fact that the total denier of the raw twisted yam used for making the unprocessed yam was 810 d (27 d x 
30), while it was 324 d (27 dX12) in the raw untwisted yarn used for making the processed yarns. Thus, the former showed a 2.5 times 
larger weight, to begin with. 

In the case of the processed yams, because of the resin treatment of the yam surface, about 10% of the weight is due to resin uptake. 

Fig. 1 clearly indicated that the yam structure is crimped and not straight. Even though the structure of the crystalline region of the si lk 
fiber was destroyed and became amorphous during the salt shrinkage treatment, and the degree of molecular orientation in the 
amorphous part, which is considerably higher in silk compared to other fibers, was also lowered by the salt shrinkage treatment, leading 
to a reduction of the specific gravity of the silk, the 2.1 times larger weight of the knitted fabric made from the unprocessed yam was 
within an acceptable range. 

In spite of the 2.5 times difference in denier to begin with, when the initial pressure of 0.5 g/cm2 was applied to the knitted fabric and its 
thickness was measured using the KES-FB4 device, the thickness of the knitted fabric made from the unprocessed yarn was 1.91 mm 
and that made from the processed yams was in the range of 1.85-2.03 mm. The difference between the two types of fabrics was very 
small, being only 0.03-0.12 mm (1.6-6.3%) (Table 2) , presumably because after salt shrinkage, fiber dispersion and resin treatments, the 
silk fiber became slightly thicker, the twisted yam itself became well-dispersed, crimped and bulky, and the knitted fabric made from it 
was very fluffy and light. Therefore, although the processed yam experienced a salt shrinkage of about 40%, a much smaller amount of 
processed yam was needed for preparing a knitted fabric that was quite bulky. 

Table 2. Mechanical properties of test-made knitted silk fabrics 


Group 

Parameter 

Unit 

No.l 

No.2 

No.3 

No.4 

Strength 

LT 

none 

0.45 

0.54 

0.52 

0.51 


W/T 

gf x cm/cm2 

40.1 

48.1 

55.3 

56.5 


RT 

% 

22.7 

22.8 

21.5 

15.7 


EMT 

% 

35.46 

35.6 

44.0 

44.2 

Bending 

B 

gf x cm2/cm 

0.079 

0.054 

0.088 

0.049 


2HB 

gf x cm/cm 

0.087 

0.077 

0.122 

0.073 

Shearing 

G 

gf/cm x deg 

0.33 

0.38 

0.23 

0.19 


2HG 

gf/cm 

1.38 

1.66 

0.85 

0.75 


2HG3 

gf/cm 

1.98 

1.71 

1.07 

0.89 

Compession 

LC 

none 

0.57 

0.52 

0.75 

0.56 


WC 

gf x xm/cm2 

0.65 

0.73 

0.74 

0.79 


RC 

% 

40.8 

42.2 

37.9 

42.1 

Surface 

MIU 

none 

0.24 

0.27 

0.30 

0.26 


MMD 

none 

0.0089 

0.9124. 

0.0144 

0.0128 


SMD 

i/ 4 m 

4.86 

4.31 

5.06 

4.42 

Thickness 

Ta) 

mm 

1.91 

1.85 

2.03 

1.88 

Weight 

W 

mg/cm2 

34.3 

15.8 

18.3 

15.3 


a): T is the thickness if the fabric when 0.5gf /cm2 pressure was applied, calculated from the compression characteristics. 

2) Mechanical properties 

Only in very few cases has the fabric quality been evaluated through the measurement of the primary hand values, which is considered 
to be an objective method of quality evaluation^). If the warp and weft directions of woven fabrics are considered, respectively, to be 
equivalent to the wale and course directions of knitted fabrics, the primary hand values calculated from the mechanical properties 
determined in feel testing may enable to evaluate the performance of the fabric4). On the basis of the this assumption, we determined the 
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mechanical properties of knitted fabric samples, all having about the same thickness (Table 2) . 

(1) Tensile characteristics 

Tensile energy (WT) of the fabric was higher in the processed fiber, i.e. the salt-shrunk, fiber-dispersed and resin-treated yam fabric, 
compared with the unprocessed fiber. The greater the shrinkage and the lower the number of twists in the yam, the higher was the WT 
value of the fabric. The resilience (RT), i.e. the force of recovery from a deformative load, was more affected by the number of twists 
than by the processing of the yam. When we compared the processed yams Nos. 2 and 3 (Z200/S150) with the processed yam No. 4 
(Z150/S100), the former showed about the same RT value of the fabric as the unprocessed yam, while the latter had a clearly lower 
fabric RT value. Apart from this, the value of the LT parameter which is a measure of tensile rigidity, was slightly increased by the 
processing of the yam. Therefore, the fabric knitted from the processed yam had smaller spaces in the knitted structure, with increased 
inter-fiber and inter-yam contact, compared with the fabric made from unprocessed yarn. In spite of this, the fabric knitted from the 
processed yam showed a high EMT (elongation or strain) against tensile force and therefore could be easily stretched. The results 
suggest that tensile recovery and tensile elasticity can be retained at the same levels as in the fabrics made from the unprocessed yam, if 
the number of twists is not very low and the salt shrinkage is about 40%. All these findings suggest that soft, flexible and stretching 
knitted fabric can be prepared from the processed yams. 

(2) Bending characteristics 

The values of the B and 2HB parameters were higher in the fabric made from processed yam No. 3, which exhibited a greater salt 
shrinkage, than in the fabric made from yam No. 2. Crimping induced by processing was optimum when the silk yam had a twist 
coefficient of 1,500-2,500 and a salt shrinkage of 30-40%. Even when the original yam had the same twist coefficient, the degree of 
twisting increased with increased salt shrinkage and resulted in greater final twisting, which affected the crimping and the processed 
yam became somewhat hard in hand feel and lacked fluffiness and hulkiness. These characteristics may account for the increased 
resistance torque against the bending deformation and the increased bending strength and hysteresis in this type of fabric. 

On the other hand, fabrics made from the processed yams Nos. 2 and 4 showed about the same values for the B and 2HB parameters, 
which were lower than in the fabric made from the unprocessed yarn. These results suggest that knitted fabrics made from the processed 
yams displayed a greater ease of bending and bending recovery. Therefore, if salt shrinkage and the twist number are controlled in a 
suitable range, well-crimped processed yam can be obtained. It was found that processing enabled the fiber and yam to move easily in 
response to bending deformation and the fabric had a flexible and smooth feel during bending. Based on these results, salt shrinkage of 
48.8% for the yam No. 3 appears to be excessive. 

(3) Shearing characteristics 

The values for the parameters G, 2HG and 2HG3, which reflect the shearing characteristics of fabrics, all showed a similar response to 
processing. Compared with the fabric made from the unprocessed yam, these values were generally lower in processed yam fabrics, 
although some of the values were comparable in the 2 types of fabrics f/Tg. 3)(\4 KB) . Shearing deformation which is determined by 
factors like yam pressure and slipping at the crossing points, bending deformation of the yam, etc. is generally considered to be closely 
related to the bending characteristics^). In the present study, the fabric samples were produced under the same knitting conditions, to 
obtain the same knitted structure. Therefore, the effect due to the difference in the knitted structure is considered to be minimal. 

The fabric made of unprocessed yam had a high value of G. It showed a high yam density and very close contact between yams. 
Therefore, when a shearing deformative force was applied, the contact area between the yams at the crossing points increased and the 
resistance torque increased making it difficult to change the angle of crossinglO). Therefore, the knitted fabric was very hard, with little 
space within the fabric. In contrast, since the processed yam fabrics had smaller hysteresis values (2HG and 2HG3), the fabric was 
resilient and fabrics made from yam with high salt shrinkage had a small G value and the shape easily changed in response to shearing 
deformation force. In short, from the point of view of shearing characteristics also, knitted fabrics made from the processed yams were 
soft and flexible. 

(4) Compression characteristics 

In the processed yams, the values for the WC and RC parameters of the fabric tended to be higher. When we compared the fabrics made 
from Nos. 2 and 3 processed yams, the No. 2 yam fabric which had a lower salt shrinkage showed lower LC and higher RC values, 
compared with the No. 3 yam fabric. The WC value was slightly higher in all the processed yams, including No. 4 which had a small 
twist number. These results suggest that knitted fabrics made from the processed yams could be easily compressed and showed a good 
recovery from compression also. This is believed to be due to fiber intertwining and the increased space in the yam because of the 
crimping. However, as discussed in the section on bending characteristics, processed yam with large salt shrinkage (No. 3 yam) had 
high LC and low RC values because it had less crimping, and the fabric was not resilient. 

It is known that woven wool fabrics made wholly from untwisted yam, or in which untwisted yam is mixed, show smaller LC and 
greater RC and WC values with an increased proportion of untwisted yam in the fabric because the untwisted yam is bulkier and has 
more space. It is however interesting to note that some of the compression characteristics of the fabrics made from processed yams in 
the present study were similar to those of woven wool fabrics. 
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Results and discussion 


(5) Surface characteristics 

In the surface characteristics of the processed yam knitted fabrics, the values of both the MIU and MMD parameters (the mean deviation 
of MIU) were higher than in the fabric made from unprocessed yam. This increase in the MIU and MMD values in the processed yarn 
fabrics was ascribed to the fact that the processed yams had a crimped shape and dispersed fibers and therefore, knitted fabrics made 
from them did not have a uniform surface. The space within the yams, the intertwining or misalignment of fibers, fluff formation, etc. 
all enhanced the surface unevenness of the knitted fabrics. 


The results obtained suggest that soft fluffy and resilient knitted fabrics can be produced from salt-shrunk, fiber-dispersed and 
resin-treated yams. This is because the twisted silk yams acquire irregular and minute crimping and good fiber dispersion so that the 
intertwining of fibers and space in the yams are increased, giving flexibility and bulkiness to the fabric. 


Me, 


Continue to:(3) Hand feel, (4) End i 


1L 


Jack to: Contents 


tests, and References 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-2/Kato/kato2.htm (3 of 3) [10/7/2002 9:20:36 PM] 




Fig. 1. Scanning electron micrographs of salt-shrunk, fiber-dispersed and resin-finished silk yarns and an unprocessed control silk yarn 
Yarns Nos.l, 2 & 3: (27d x 4, Z200T/m) x 3, S150T/m, 

Yarns No.4: (27d x 4, Z150T/m) x 3. SlOOT/m. 
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Fig.2. 

Trial knitted products made from salt-shrunk, fiber-dispersed and resin-treated silk yam 



Left: Resin-treated, 

Right: Not treated with resin. 
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Fig.3. Shearing characteristics of knitted fabrics made 
form salt-shrunk, fiber-dispersed and resin-treated silk yams 



Measurements were performed in the wale direction. 
The number correspond to those given in Table 1. 
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3) Hand feel 

1....12) :References 

3) Hand feel 

The primary hand value (HV) which is a quantified feel parameter calculated based on the determination of the mechanical properties, reflects the 
stiffness, fullness and softness, crispness, and the anti-drape stiffness. HV is considered to be closely related to the fabric characteristics5). We obtained 3 
of the HV parameters, 'Koshi' (stiffness), 'Fukurami'(fullness and softness) and 'Numeri'(smoothness), and the total hand value (THV) using the 
mechanical values > HV and the HV > THV conversion formulae of Kawabata. We used the "KPC-5-N" program for the KES-FB system to carry out 
these conversions and for preparing the knitted fabric snake charts. Table 3 gives the results of calculations using the criteria for outer winter garments 
(A) and winter undergarments (B). In the case of undergarments, the thermolab measurements could not be performed because of the limitations of the 
KES system. We therefore ignored the heat and moisture transfer characteristics that are obtained from thermolab measurements, and calculated HV and 
THV from the values of the mechanical characteristics KES-FB 1 to KES-FB4. 


Table 3. Primary hand values of test-made knitted silk fabrics 


Hand values 

Criteriaa) 

No.l 

No.2 

No.3 

No.4 

’Koshi’ 

A 

1.7 

1.8 

2.1 

1.1 


B 

5.8 

5.4 

3.8 

2.7 

’Fukurami’ 

A 

5.0 

3.1 

3.2 

3.2 


B 

16.3 

16.3 

16.6 

18.8 

’Numeri’ 

A 

8.6 

7.9 

7.7 

7.9 


B 

9.6 

8.8 

9.7 

10.9 

THV 

A 

2.2 

3.2 

3.4 

3.2 


B 

6.0 

2.2 

2.2 

1.5 


a): A; For winter outer garments, B; For winter undergarments. 

With the criteria for outer winter garments, the values for the 'Koshi' ,'Fukurami’ and ’Numeri’ parameters of the processed yarn fabrics were all about the 
same as in the unprocessed yam knitted fabric. However, the values of THV, which is a parameter used for evaluating the fabric quality, were in the 
range of 3.2-3.4 in the processed yam fabrics, compared with 2.2 in the unprocessed yam fabric. The hand feel values were not affected by the salt 
shrinkage and number of twists. It became clear from these results that fabrics knitted from the processed yams were superior in terms of THV, although 
they were not appreciably different from the unprocessed yam fabric in terms of 'Koshi', 'Fukurami' and 'Numeri'. 

The THV and mechanical properties determined above suggest that knitted fabrics made from processed yams in the present study had the characteristic 
properties and good feel of the processed yarns and such yams have the potential of becoming attractive silk yams for knitted fabrics, which would 
expand the range of application of silk products and satisfy the requirements of consumers. 

4) End use tests 

(1) Evaluation of initial quality 

Four users were asked to evaluate the wearing comfort of the sweaters made from the processed yams before washing. The users answered "Difficult to 
say" or "Somewhat poor" when asked about the flexibility of the garment. But regarding the feel of the fabric and wearing comfort, 3 out of 4 users 
answered "Fairly good". No users stated that the initial wearing quality of the sweaters was poor (Table 4) . The knitted fabric made from processed yams 
with 32.3 to 48.8% salt shrinkage lacked the silky gloss and was more like wool in external appearance. Therefore, all the users thought that the sweaters 
were made of wool, before they were told that they were made of silk. But after wearing them, many of the users said that they were "Very light and easy 
to wear" compared to woolen sweaters which are generally considered to have just the opposite characteristics6). In fact, one of the users suggested that 
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3) Hand feel 

perhaps the material was suitable for undergarments like slips and summer blouses because it was light, soft to touch, moisture absorbing, and not stuffy. 
The "light feel" of garments is an important feature for summer wear. This is an impression about the fabric which is closely related to the "cool touch". 

Table 4. Evaluation of users after wearing the new (unwashed) sweater 


Poor 

Somewhat 

Difficult to say 

Moderately good 

Good 

(-2) 

(-1) 

(0) 

(+1) 

(+2) 

Touch 

Flexibility 

Wearing comfort 

a): The figures refer to the number of users. 

3a) 

2a) 

1 

3 

2a) 

1 



In one study on the evaluation of knitted fabrics for undergarments involving a group of 18 expert technologists having 1-20 years of experience in 
undergarment manufacture and a group of 9 ladies consumers in the 22-38 age group, the 2 groups showed no significant difference in the perception of 
hand feel, with a high inter-group correlation, the evaluation rather differing from person to personl2). The 4 users in the present study had a high level 
of knowledge about garments and acquired a wide experience from managing households. If we take into consideration the report of Sakaguchi et al.12), 
according to which the judgement of consumers was quite reliable, it is clear that the knitted fabrics made from the processed yams in the present study 
had a good fabric quality while they were new. 

(2) Evaluation of quality after washing 

Shrinkage caused by washing of the knitted garments is shown in Fig. 4(35 KB) . There was a considerable scatter in the values, perhaps because of slight 
variations in the method of taking measurements by the users. However, the overall trend showed that the shrinkage varied depending on the extent of 
salt shrinkage of the yam. In sweaters made from yarn with a low salt shrinkage (32.3%), after one washing, the length decreased by 5.0 cm while the 
bust size increased by 4.0 cm, resulting in the change of the shape of the garment. However, after repeated wearing and washing, the dimensions became 
more or less similar to those of the new sweater. Thus, there was no problem of shrinkage caused by washing. The sweaters made from yam with a high 
salt shrinkage (48.8%) showed a reduction in both length and bust size as the garments were washed repeatedly. After 5 washings, the average shrinkage 
of the 2 sweaters was 7.9% for the length and 2.0% for the bust size, showing significantly higher shrinkage in the length direction. Thus, it may 
necessary to improve the quality. 

The opinion of the users about the qualities of the garments, such as the feel, flexibility, wearing comfort, etc. after 5 washings was that the sweaters were 
not appreciably different from the new sweaters with respect to shrinkage, color fading, gloss, hand feel, fluff formation, feel, flexibility and wearing 
comfort (Table 5) . 

Table 5.Evaluation of 4 users for the sweaters after 5 washings 
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3) Hand feel 



Poor 

Somewhat poor(-1) 

Not different from when the 

Moderately good 


(-2) 


sweater was new (0) 

(+1) 

Shrinkage 



4a) 


Color fading 


2a) 

4 


Gloss 



2 


Hand feel 


2 

2 


Fluff formation 



2 


Touch 

la) 

2 

2 

2a) 

Flexibility 



1 


Wearing comfort 



3 

1 


a): The figures refer to the number of users. 


It has been reported that the value of silk blouses and undergarments decreased after washing because of shrinking, yellowing, and changes in gloss and 
hand feel7). In one report 1), it was stated that knitted garments made from spun silk yams shrank after hand washing with a neutral detergent, their color 
faded, and the gloss and hand feel were poor, the flexibility characteristic of silk disappeared and the hand feel of the garments became similar to that of 
garments made from low quality cotton. However, knitted garments made from processed silk yam in our study showed a lower decrease in quality than 
anticipated. 

The results shown in Figs. 5 and 6 suggest that the sweaters were resistant to washing. However, when asked to give their overall opinion about the 
sweaters after 5 washings, some users gave comments like "It does not slip well", "It sticks to the body", "It got slightly stretched after repeated use", "It 
lacks stiffness", "It has a coarse feel", "It lacks smoothness", etc. 

There were opinions like "Overall, I do not like the sweater" and "I do not wish to wear this type of sweater". We do not think that all these negative 
comments can be attributed to the quality of the processed yams. The sweaters were rather thickly knitted, did not have much gloss which made them 
look like wool, and had a design that was not very sophisticated. Thus, the fact that samples had just the opposite image to the generally held delicate 
image of silk garments may have exerted on adverse effect. 
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Fig. 4 + Changes in shrinkage caused by repeated washing 
Length of garment made from yam 
No* 2 (salt shrinkage 32.3%), 

— * —: Bust size of garment made from yarn 
No* 2 (salt shrinkage 32.3%), 

—A—: Length of garment made from yarn 
No. 3 (salt shrinkage 48*8%), 

A —►: Bust size of garment made from yarn 
No. 3 (salt shrinkage 48.8%)* 

wm 
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—Abstract. 

Bacteriocin-like activity (BLA) was screened in 50 and 30 strains of thermophilic lactic acid bacteria (LAB) isolated from silages and fermented vegetables, 
respectively. The BLA of the isolates against some bacterial strains was hardly detected by the paper disk method, while in the isolates of 50 strains (62.5% 
of all) it was clearly detected by the spot-on-lawn method. Only one strain K-4 isolated from grass silage showed a clear BLA against Enterococcus 
faecium in both methods. The strain belonging to the genus Enterococcus produced BLA in the logarithmic growth phase in MRS medium. The BLA was 
completely inhibited by treatment with trypsin, remained stable under boiling conditions and the molecular weight was about 20,000 based on 
SDS-PAGEanalysis. The BLA produced by this strain was due to bacteriocin and positiveagainst only Ec.faecium and Ec.faecalis. 

Discipline: Food 

Additional key words: Enterococcus sp. 

Recieved for publication,October 8, 1998 
1...15): References 

-Introduction- 

We have a long history of association with lactic acid bacteria (LAB) and hardly experience any damage due to LAB. Therefore, it is considered that LAB 
and bacteriocins produced by LAB are generally safelO). Actually, a typical bacteriocin "nisin" has already been used in the food industry as a bacteriocidal 
additive in more than 50 countries of the world. However, the actual use of nisin is limited because of its low solubility in water and lower activity in neutral 
pH solution. Information on other bacteriocins produced by LAB is limited and bacteriocin except for nisin has not been applied to the food industry. 
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Therefore, many research groups2,3,5)have attempted to screen new bateriocins produced by LAB. In these screenings, LAB were mainly isolated from 
dairy products in the temperate and frigid zones. However, screening in the tropical zone has not been conducted although some LAB isolated from tropical 
fermented vegetables and silages may produce new bacteriocins with properties suitable for adaptation to a tropical niche. Therefore, LAB strains that can 
produce bacteriocin-like activity (BLA) were screened in Thailand, a tropical country. 

In this paper, the results of screening conducted in Thailand together with the production of BLA by a selected strain and some of the properties of BLA are 
described. 

-Materials and methods- 

1) Microorganisms 

The bacterial strains used in this experiment as target strains and their culture conditions are listed in Table 1. 

Table 1. Culture conditions and medium for target strains 


Straina) 

Mediumb) 

Culture conditions 

Enterococcus faecalis IFO 12964 

MRS 

37, 20 h, Anaerobic 

Enterococcus faecium IFO 13712 

MRS 

37, 20 h, Anaerobic 

Lactobacillus plantarum IFO 14711 

MRS 

37, 20 h, Anaerobic 

Lactobacillus plantarum TISTR 541 

MRS 

37, 20 h, Anaerobic 

Pediococcus acidilactici TISTR 952 

MRS 

37, 20 h, Anaerobic 

Leuconostoc mesenteroides TISTR 473 

MRS 

37, 20 h, Anaerobic 

Staphylococcus aureus IFO 15035 

NB 

37, 20 h, Aerobic 

Staphylococcus aureus TISTR 029 

NB 

37, 20 h, Aerobic 

Salmonella typhimurium TISTR 292 

NB 

37, 20 h, Aerobic 

Escherichia coli MAFF 911145 

NB 

37, 20 h, Aerobic 

Escherichia coli TISTR 527 

NB 

37, 20 h, Aerobic 

Klebsiella pneumoniae JGRI G-l 

NB 

37, 20 h, Aerobic 


a) : Abbreviations for strain numbers of culture collections are as follows; IFO(Institute for Fermentation, Osaka), TISTR(Thailand Institute of Science and Technological 
Research, Bangkok,), MAFF(Ministry of Agriculture, Fisheries and Forestry, Tsukuba), NGRI(National Grassland Research Institute, Nishi-nasuno). 

b) : Both media were purchased from Difco Laboratories, USA. MRS; Lactobacilli MRS broth, NB; Nutrient broth. 

2) Screening 

Fifty LAB strains from silages prepared by using plastic bagsl4)in Khon Kaen and Bangkok, Thailand, and gathered in Chiang Mai, Thailand, were 
subjected to the screening. Thirty LAB strains from fermented vegetables bought in the market in Bangkok, Thailand, were also subjected to the screening. 
These strains were anaerobically isolated by an ordinary plateculture method using an agar plate with Lactobacilli MRS broth (MRS: Difco, USA) 
containing 1.6% agar and 0.5% CaC03 at 43. For each isolate, the ability to produce BLA was examined by the spot-on-lawn method and the paper disk 
method. 

Spot-on-lawn method4): Each isolate was inoculated onto the MRS agar plateto form a colony less than 8 mm in diameter and cultured at 43 for 24 h, 
an-aerobically. After the culture, the surface of the agar plate (surface with colony formation) was overlaid with a suspension of a target strain at the 
concentration of ca. 10 6 cfu/mLl in soft agar medium and then incubated to grow the target strain for 24 h under favorable conditions as shown in Table 
1.Thereafter, the BLA of the isolate was evaluated based on the formation of a clear zone around the colonies. The medium containing 0.7% agar which is 
suitable for the growth of the target strains (Table 1) was used as a soft agar medium. 
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Paper disk method4): A paper disk (diameter 8 mm, thin type, Toyo Roshi, Japan) with adsorbed 3(ML of cell-free culture filtrate was put on an agar plate 
containing a target strain at the concentration of ca. 10 6 cfu/mLl. Then, the agar plate was incubated under conditions suitable for the growth ofthe target 
strain (Table 1) . After incubation for 24 h, the BLA of each is late was evaluated based on the formation of a clear zone around the paper disk. Each isolate 
was cultured in the MRS broth at 43 for 20 h and the culture filtrate was adjusted to pH 6.0 with a NaOH solution before adsorp tiononto the paper disk. 

3) Partial purification ofthe BLA 

Partially purified BLA was obtained by ultra-filtration, ammonium sulfate precipitation and ion exchange chromatography. The culture filtrate of strainK-4 
using 1 L of MRS broth at 43 for 12 h under anaerobic conditions was subjected to ultra-filtration by usinga Diaflow YM-10 membrane (MW cut off, 
10,000) (Amicon Inc., USA), the same operation was repeated after the additionof 200 mL of 20 mM acetate buffer (pH 4.0) and the sample was 
concentrated to 50 mL after the addition of 20 mM of the same buffer. Thereafter, solid ammonium sulfate was added step-wise for more than 60 min to the 
concentrate to reach 75% saturation at 4 and allowed to be stirred for 1 h on a magnetic stir plate. The precipitated suspensio n was centrifuged for 20 min at 
10,000 x g at 4 and decanted. The pellet was dissolved in 50 mL of the same bufferand dialyzed against distilled water using a Spectra/ por 1 tube (MW cut 
off, 6,000-8,000) (Funakoshi Co. Ltd., Tokyo). The dialysate yielded about 2 g ofpowder by freeze-drying. The powder was dissolved in 10 mL of the same 
bufferand used for column chromatography (1.6 cm diameter x 40 cm length) with CM Sephadex C-50 (Amersham Pharmacia Biotech Ltd, Sweden) 
equilibrated with the same buffer. After adsorption of the solution onto the gel, the column was washed with 100 mL of the same buffer and eluted with the 
same buffer containing 0.8 M sodium chloride. The fraction eluted with the sodium chloride solution was dialyzed against distilled water and yielded 650 
mg of powder by freeze-drying. The powder wasused for SDS-PAGE analysis and the test of characteristics of BLA. 

4) SDS-PAGE 

The BLA was analyzed by sodium dodecyl sulfate polyacrylamide gel electro-phoresis (SDS-PAGE) on a high cross-linked gel (15%T, 3 x 51 x 58 mm)8)at 
30mA for 2 h. Calibration proteins (Combithek, Boehringer Mannheim Biochemica, Germany) were used as molecular weight markers. 

5) Sensitivity to heat, pH and trypsin 

The partially purified powder was dissolved in 20 mM acetate buffer (pH 4.0), the pH of the solution was adjusted to 5.0, 6.0 and 7.0 with a NaOH solution 
and the activity of each pH solution was assayed. The solution prepared in the same manner (pH 6.0) was heated at 100 for 20 min and the remaining 
activity was assayed. Furthermore, the same solution was treated withtrypsin (Sigma Chemical Co.,US A) at a final concentration of 0.5 mg/mL. Samples 
with or without trypsin were filter-sterilized and incubated at 37 for 12 h. The remaining activity was assayed. All the BLA was assayed by thepaper disk 
method. 

6) Standard line for determining bacteriocin activity 

The bacteriocin activity was quantitatively determined by the paper disk method using nisin (1,000 IU/mg, Aplin & Barrett Co.,UK) as standard bacteriocin 
and Ec.faecium IFO 13712 as a target strain. The logarithmic concentration of nisin between 500-10,000 IU/mL gave an essentially straight line against the 
diameter of the clear zone formed around the paper disk by the target strain. This straight line (referred to as standard line) showed in Fig. 2(13 KB) was used 
for determining the bacteriocin activity. 


Continue to: Results and Discussion 
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Results 

—Results. 

1) BLA of isolates 

Table 2 shows the BLA of typical isolates obtained by the spot-on-lawn method and the paper disk method. Among 50 LAB strains isolated from silages, 
20 strains (40% of all) displayed a BLA against some target strains when the spot-on-lawn method was used. All the LAB strains isolated from fermented 
vegetables displayed a BLA against some target strains when the spot-on-lawn method was used. However, strains found positive by the spot-on-lawn 
method hardly showed a BLA when the paper disk method was used except for strain K-4. Only the culture filtrate of strain K-4 showed a clear BLA 
against Ec. faecium IFO 13712. Strain K-4 was used for further experiments. 

Table 2. BLA of typical isolates 

Strain No. Spot-on-lawn method b) Paper disk method b) Shape c) 


Isolate 

TISTRa) 

O) 

(2) 

(3) 

0) 

(2) 

(3) 

(Gram stain) 

KS-3 

1300 

+ + 


+ + + 




Short rod (+) 

4 

1301 

+ + 

+ 

+ + + 




Long rod (+) 

5 

1302 

+ + 

+ 

+ + + 




Long rod (+) 

KLD-1 

1303 

+ 


+ + 




Cocci (+) 

5 

1304 

+ + 


+ + + 




Cocci (+) 

8 

1305 

+ 


+ + + 

+ 



Cocci (+) 

10 

1306 

+ 


+ + 



+ 

Cocci (+) 

14 

1307 

+ 


+ + 

+ 



Cocci (+) 

K-4 

1285 

+ + + 


+ + 

+ 



Cocci (+) 

FB 1-7 

1308 

+ + 

+ 

+ + 




Long rod (+) 

3-5 

1309 

+ + 

+ 

+ + 




Cocci (+) 

4-5 

1310 

+ + 

+ 

+ + 




Short rot (+) 

4-6 

1311 

+ + 

+ + 

+ + + 



± 

Short rot (+) 

5-2 

1312 

+ + 

+ 

++ 




Long rod(+) 


a) : Each strain was deposited in the culture collection of TISTR as described in Table 1 . 

b) : Target strains used were as follows; (1 )Ec. Faecuyn IFO 13712, (2 )Ped. Acidilactici TISTR 952, (3)Leuc. mesenteroides TISTR 473. Symbols denote the 
diameter of the ckear zone as follows: + + + ; more than 15 mm, + +; 15-12 mm, +; 12-8 mm, +; indistinct, -; not detected. 

c) : (+) denotes Gram-positive reaction. 


2) Identification of selected strain K-4 at generic level 

Bacteriological properties of strain K-4 were examined and the results are summarized in Table 3 . The strain was Gram-positive with a typical long chain. 
The strain grew at 45 in MRS broth and did not produce gas. The strain also grew in MRS broth with the pH adjusted to 9.6 and NaCl concentration to 
6.5%. Based on a manual6), the strain was tentatively assigned to the genus Enterococcus. Therefore, this strain was designated as Enterococcus sp. K-4. 

Table 3. Bacteriological properties of strain K-4 
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Parameter or test 

Shape 

Gram stain 

Gas from glucose 

Fermentation 

Growth 

at 45 

at 50 

at 37b) 

at 37c) 

at pH 9.6 

in NaCl 6.5% 


Reaction or character a) 

Cocci 


a) :+; Positive, Negative 

b) :Under anaerobic conditions. 

c) :under aerobic conditions. 


3) Spectrum of BLA produced by Enterococcus sp. K-4 

The spectrum of BLA produced by Enterococcus sp. K-4 against 11 bacterial strains is shown in Table 4 . The BLA of this strain was positive to only the 
strains of the genus Enterococcus such as Ec.faecium IFO 13712 and Ec.faecalis IFO 12964 and negative to another strains of the genera Lactobacillus, 
Pedio- coccus, Leuconostoc, Staphylococcus, Salmonella, Escherichia and Klebsiella. 

Table 4. Inhibitory spectrum of bla produced by Enterococcus sp. K-4 


Target strain Inhibition by the culture filtratea) 

Enterococcus faecalis IFO 12964 + 

Enterococcus faecium IFO 13712 + 

Lactobacillus plantarum IFO 14711 
Lactobacillus plantarum TISTR 541 
Pediococcus acidilactici TISTR 952 
Leuconostoc mesenteroides TISTR 473 
Staphylococcus aureus IFO 15035 
Staphylococcus aureus TISTR 029 
Salmonella typhimurium TISTR 292 
Escherichia coli M AFF 911145 
Escheichia coli TISTR 527 
Klebsiella pneumoniae NGRIG-1 


a): +; Positive, -; Negative. 


4) Culture conditions of Enterococcus sp. K-4 for the production of BLA 

Culture temperature: The effect of the culture temperature on the production of bacteriocin in MRS broth was examined as shown in Fig. 2.(16 KB) . The 
maximum bacteriocin acitivity during 20 h of culture was observed at 42-45 and the activity was 2 times higher than that at 37 while the maximum lactic 
acid production was observed at 37-38. 

Time course of production of BLA: The production of bacteriocin in MR broth at 43 was associated with the logarithmic growth of the strain. The highest 
activity was observed in the maximum growth phase and then the activity gradually decreased as shown in Fig. 3.(20 KB). 

Inoculum size: The effect of the inoculum size at the levels of 10 5 , 10 6 and 10 7 cfu/mL was examined for maximum production of bacteriocin in MRS 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-2/Ohmomo/ohmomo2.htm (2 of 4) [10/7/2002 9:20:51 PM] 








Results 

brothat 43. As shown in Fig.4. (25 KB), the culture time for maximum production of the activity decreased with the increase of the inoculum size. The 
viable cells by inoculation at 10 7 cfu/mL reached maximum counts of 10 9 cfu/mL within 4 h of culture and required only 7 h for maximum bacteriocin 
activity. Regardlessof the inoculum size, the maximum cell counts and bacteriocin activity showed almost the same level (10 9 cfu/mL and 6,200 IU/mL). 

5) Properties ofBLA produced by Enterococcus sp. K-4 

The BLA produced by Enterococcus sp. K-4 was stable under boiling conditions (100 for 20 min) and the level was almost the same at pH 5.0 to 7.0. 
However, the activity was completely inhibited by treatment with trypsin. Thepartially purified powder showed a clear BLA zone in the area with an 
Rf-value of about 0.4-0.5 in SDS-PAGE. The area corresponded to the Rf-value of trypsin inhibitor (MW 20,100) as a standard protein. 


—Discussion. 

Strain K-4, which was isolated from tropical grass silage and belonged to the genus Enterococcus, was selected as a bacteriocin-producing strain. When 
the paper disk method was used, only one strain K-4 showed a clear BLA while 62.5% of the strains among the isolates showed some BLA when the 
spot-on-lawn method was used in this screening. It is well known that the BLA detected by the spot-on-lawn method can not be reproduced when the paper 
disk method 10,12) is used. In liquid culture, proteolytic enzymes are released from the produc-ing strain into the culture broth and bacteriocin might be 
digested by the enzymes. Lor further detailed studies, the production of BLA in liquid culture is an important and essential factor from the view-points of 
isolation inlarge quantity and purification of bacteriocin. 

The production of bacteriocin by this strain was activated by the temperature during the culture and 42-45 was the optimum temp erature while 
maximumlactic acid production occurred at 37-38 as shown in Fig. 2. Generally forthe strains of the genus Enterococcus, a temperature of 42-45 during 
the culture is rather high for bacteriocin production 7,l 1) The production of bacteriocin by the current strain at such high temperatures may be due to the 
origin of the strain which appeared to be a thermophilic strain isolated at 43 in Thailand. It is possible that the bacteriocin produced by this strain showed 
properties suitable for adaptation to a tropical niche. The productionof bacteriocin by this strain occurred during the logarithmic growth phase and the 
inoculum size did not increase the amount of bacteriocin production, whilethe culture time was shortened for maximum production . When the inoculum 
sizeincreased, maximum bacteriocin production and viable cell counts were 6,200 IU/mL and 10 9 cfu/mL, respectively. To increase the bacteriocin 
production, it is necessary to increase the cell density in the medium together with the modification of the medium composition. 

The BLA produced by strain K-4 was positive against only the strains of the genus Enterococcus. Usually, bacteriocins show a narrow inhibitory spectrum 
and give a positive reaction to the same and/or related genus species9). This tendency was also observed in the current study since strain K-4 which 
belonged to the genus Enterococcus,was active only against Ec.faecium and Ec. faecalis. The BLA of this strain was thermotolerant and was detected in 
solutions with a neutral and acidic pH. The apparent molecular weight of main bacteriocin was about 20,000 in SDS-PAGE (data not shown). Some 
bacteriocins produced by the strains of the genus Enterococcus have been reported by several research groups l,7, 11,13,15) . These bacteriocins had a 
molecular weight of less than 10,000 and were active against Listeria monocytogenes. Lurther studies should be carried out for the purification and 
analysis of the chemical properties of the new bacteriocin produced by this strain. 
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Standard line for determining bacteriocin activity Nisin and Enterococcus faecium IFO 13712 
respectively. 

The activity was detected by the Paper disk method using a certain concentration of nisin. 

Sack 
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Effect of culture temperature on the production of bacteriocin by Enterococcus sp. K-4 
The strain was cultured in MRS broth at variout temperatures. The bacteriocin activity of each culture 
filtrate was detected by the paper disk methods, calculated from the standard line and expressed as 
relative activity. 
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Typical time course of production of bacteriocin by Enterococcus sp. 

The strain was cultured in MRS broth at 43. 

The bacteriocin activity was analyzed as indicated in Fig.2 . 

The viable cells were counted by the agar plate method using MRS broth. 
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Cloning and Identification of the Lactococcin A and M 
Gene Cluster from Lactococcus lactis subsp. lactis biovar 
diacetylactis DRC1 

Yasuhito FUJITA and Takashi OKAMOTO 

Department of Animal Products, National Institute of Animal Industry 
(Tsukuba, Ibaraki, 305-0901, Japan) 

-Abstract- 

The bacteriocin genes from the plasmid pDRl-6 of Lactococcus lactis subsp. lactis biovar diacetylactis 
DRC1 were cloned into pGKV21 and pGKV259 as 4.0 kb Hindlll and 9.5 kb EcoRl fragments, and 
expressed in plasmid free and bacteriocin-non-producing strain L.l.lactis DRC1021. The nucleotide 
sequences of the genes were identified as a part of operons of lactococcins A and M. 

Discipline: Biotechnology 

Additional key words: bacteriocin, lactococcin, dricin 
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The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank 
nucleotide sequence databases with the following accession numbers D86737 and D86738. 

-Introduction- 

Bacteriocins are proteinaceous bactericidal compounds that are produced by some microorganisms, 
including lactic acid bacteria. The best-known bacteriocin of lactic acid bacteria origin is probably nisin, 
which is an antibiotic type bacteriocin produced by certain strains of Lactococcus lactis. A large number 
of new bacteriocins in the group of lactic acid bacteria have been characterized mainly biochemically due 
to the development of efficient protocols for purification of these hydrophobic and cationic peptides in 
recent years. In several cases it has been demonstrated that bacteriocin production is associated with 
plasmid DNA. However, only a few genetic determinants for these substances have been cloned and 
sequenced 8,10) . 

Previously, Powell et al. reported that L. lactis DRC1 (Commonwealth Scientific and Industrial Research 
Organization, Dairy Research Laboratory collection) produced dricin which is a heat-stable proteinous 
bacteriocin and suggested that the gene involved in dricin production is carried on a conjugative 
plasmidll). We also found that an antagonistic substance against other lactococci was produced by 
L.l.lactis biovar diacetylactis DRC1 in our laboratory collection, formerly designated as Streptococcus 
lactis subsp. diacetylactis DRC1 originally obtained from the National Institute for Research in 
Dairying(now AFRC Institute of Food Research)5). 
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In this report, we demonstrated that the inhibitory activity is due to the concerted action of at least 2 
bacteriocins, lactococcins A and M in L.l.lactis DRC1 by cloning and sequencing of the genes coding for 
bacteriocin production. 

-Materials and methods- 

The bacterial strains and plasmids used in this study are listed in Table 1 (36 KB). Thirty-eight lactococcal 
strains in our laboratory collection^) were examined for cross-antagonistic activity using the agar spot 
test. Colonies of bacteria that could produce bacteriocin were grown on M17G agar plate overnight 14). A 
lawn of 4mL of M17G soft agar (0.7%) containing 100 %L of a fresh culture of the indicator organism 
was poured over a plate. After incubation overnight at 30, the colonies were examined for zones of 
growth inhibition. 

Plasmid DNA was isolated from lactococcal strains by the method of Anderson and McKay 1). 
Transformation of plasmid free strain L.l.lactis DRC1021 was performed by electroporation, with a 
Bio-Rad gene pulser (Bio-Rad Laboratories,Richmond, Calif.) according to the method of Holo and 
Nes7). Recombinant DNA analysis was performed as described by Sambrook et al. 12). DNA was 
sequenced by Taq Dye Deoxy Cycle sequencing on an Applied Biosystems 373A DNA sequencer 
(Applied Biosystems, Foster City, Calif.). For sequencing, stepwise deletion derivatives of cloned DNA 
fragments were constructed with ExoIII/Mung Bean deletion kit from Stratagene. The GENETYX-MAC 
program (Software Co., Japan) was used to analyze DNA sequences. For Southern hybridization, DNA 
was transferred to Hybond N (Amersham, Buckinghamshire, United Kingdom), using Vacu-gene 
(Pharmacia, Uppsala, Sweden) according to the manufacturer's specifications. Nonradioactive DNA 
probes were prepared using a random-primed labeling and detection kit (Boehringer Mannheim, GmbH, 
Germany). Hybridization and immunological detection were performed as recommended by the supplier. 

—Results and discussion- 

As a result of the cross-antagonistic test, L.l.lactis DRC1 and ATCC13675 inhibited the growth of the 
majority of the lactococcal strains such as L.l.lactis 527 and 1061. These strains exhibited a 
cross-immunity to each other and the antagonistic agent was heat-stable under acidic conditions and 
inactivated by incubation with pronase E,protease K, subtilisin and trypsin. These properties suggested 
that the strains produced the same polypeptide bacteriocin. 

Several plasmid-cured derivatives from L.l.lactis DRC1 were isolated after growth in broth containing 
acridine orange and compared with their plasmid profile and phenotype. L.l.lactis DRC1 harbored 6 
distinct plasmids originally. Plasmid-free derivatives L.l.lactis DRC1021 and L.l.lactis DRC104, which 
contained a cryptic 7.9 kb plasmid pDRl-1, were unable to inhibit the growth of the indicator strain 
L.l.lactis 1061, and were sensitive to the bacteriocin produced by L.l.lactis L.l.lactis DRC1. Since 
L.l.lactis DRCg4, which contained the large (more than about 60 kb) plasmids pDRl-6 and pDRl-1, still 
displayed a bacteriocin activity, it was suggested that the presence of pDRl-6 was required for 
bacteriocin production and its immunity. Plasmid pDRl-6 extracted from L.l.lactis DRCg4 was digested 
with BamHl, EcoRl, Hindlll, PstI and Sail, respectively. These fragments were ligated into the multiple 
cloning sites of the pWVOl-derived cloning vectors pGKV21 16) and pGKV25917), and transformed into 
L.l.lactis DRC1021. 
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Erythromycin-resistant transformants were overlaid with indicator cells to screen the bacteriocin activity. 
Plasmid pDR405 (4 kb Hindlll fragment in pGKV21) which contained the transformant inhibited the 
growth of the indicator strain but did not inhibit the growth of the bactericin-producing strains DRC1 and 
ATCC13675. 

The restriction endonuclease map and nucleotide sequence of the 4 kb Hindlll fragment specifying 
antagonistic activity were determined (Efg. 1A) . The 4093 bp nucleotide sequence was identical with the 
lactococcin A gene cluster described by Stoddard et al. 13), including 3 complete open reading frames, 
IcnD, IcnA and IciA. Incomplete open reading frame of IcnC, interrupted by the Hindlll site, was also 
present upstream of IcnD. Downstream of IciA the sequence was identical with the promoter and 
N-terminal regions of IcnB, which was described by van Belkum et al.4). 

* Fig. 1.(33 KB) 

Complete lactococcin A gene cluster contained IcnC and IcnD genes as well lactococcin A structural and 
immunity genes. It is now generally accepted that IcnC and IcnD are required for the secretion via a 
system oriented to bacteriocin export. In this experiment, L.l.lactis DRC1021 was able to produce 
externalizing active lactococcin A in the absence of the plasmid-encoded IcnC gene. It was suggested 
that the chromosomal IcnC gene may be present in LJ.lactis DRC1021 as in the case of L.l.lactis 
IL140315). A 1.6 kb Hindlll- Sau3AI fragment encompassing internal IcnC was used as the probe in 
Southern hybridization. A signal was indeed found on the chromosomal DNA of L.l.lactis DRC1021. 

Lactococcin A which belongs to class II bacteriocin, was purified from L. 1. subsp. cremoris LMG2130 
by Holo et al.6) and is produced by several strains of Ld.lactis. The conjugative 60 kb plasmid p9B4-6 
isolated from L. 1. cremoris 9B4 contained 3 operons coding for lactococcins A, B, and M as well as for 
the corresponding immunity proteins 2-4) . Recently, Morgan et al. have reported that the genes encoding 
lactococcins A, B, and M are located on a 72- and a 78- kb nonmobilizable plasmid in Ld.lactis DPC938 
and DPC3286, respectively^). This finding prompted us to determine whether L.l.lactis DRC1 carries 
genes homologous to the other lactococcins. By using pDR403 encompassing incomplete IcnA operon as 
a probe, 2 signals , 9.5 kb and 24 kb, were obtained in EcoRl fragments of pDRl-6. 

The 9.5 kb EcoRl fragment was cloned into competent E.coli XL-1 Blue by using the vector pBluescript 
II,designated as pDR413, and the 9.5 kb fragment was then religated into the EcoRl site of pGKV259 
and transformed into Ld.lactis DRC1021. Resultant transformants also exhibited bacteriocin activity. 

This recombinant plasmid was designated as pDR430 ( 9.5 kb EcoRl fragment in pGKV259 ). However, 
L.l.lactis DRC1021 harboring pDR430 did not confer a resistance against Ld.lactis DRC1. The 
restriction map of 9.5 kb .EcoRl fragment presented in Fig. IB revealed a similarity to the restriction map 
of pMB200, which encoded the low antagonistic activity of p9B4-6 described by van Belkum et al., and 
it was shown that the lactococcin M operon was located on the internal 1.8 kb Scal-Clal fragment 2,3) . 
Therefore, pDR413 was subcloned in E.coli , and the following 1.8 kb Scal-Clal fragment was obtained 
as pDR422. The nucleotide sequence of this 1782bp fragment was determined and identified with 
lactococcin M operon completely including a part of IcnD and 3 open reading frames of IcnM, IcnN and 
lci M(Eig. IB) 2,3) . 

In this experiment, we were not able to clone the 24 kb EcoRl fragment of pDRl-6, which contains the 
operons of lactococcins A and B. LcnB operon was located near IcnA operon on p9B4-64) and pSM729). 
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The nucleotide sequence analysis showed that downstream of IciA on pDR403 a sequence was present 
which was identical with the N-terminal sequence of IcnB. These findings suggest that pDRl-6 also 
encoded the third bacteriocin gene. 

Initially, it was considered that the inhibitory activity of L.l.lactis DRC1 was due to the action of a single 
bacteriocin(dricin) as described by Powell et al.l_l). However, cloning and sequencing revealed that the 
observed activity was probably due to the combination of at least two different bacteriocins, namely 
lactococcins A and M 


We thank Dr. Jan Kok of Groningen University for kindly providing the vectors. 
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Table 1. Bacterial drains and plasmids 
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£ coli 
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DH1 IS 


Scthesda Research Laboratory 

L t. tectii 
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Sensitive indicator 

*1 

1061 

Plasmid-free derivative of J27, sensitive indicator 

Thu study 

DRCl 

Wild type {Lue + , Clt', Bne'} 

4> 

ATCCI3675 

wild type (Lic\ Cir. Ban*} 

4} 

DRC B 4 

Plasmid-cured derivative of DRC] (Lac*, Ctt", Pnc") 

This study 

DRC1021 

Plasmid-free derivative of DRC] fLac - , Clf, Bae~| 

This study 

Plasmid 



pBluesoiptll 

E- colt cloning vectors. Amp 1 ' 
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pGKV2l 

E. coli, B. st/biilis and L. tacii .* shuttle vector, Em' 

9) 

P CKV259 

£ coli, B. aubtifis and L. toclis shuttle vector, &m r 

m 

pDR L-6 

Bac* plasmid 

This study 

PDR4Q3 

SKII+; /findHl 4 Itb 

This study 

pDR40J 

pGKVli ; MrmUTJ 4 kb (6ac*) 

This study 

pDR407 

SKJI + : Hmdlll-SaulAl 1,6 kb 

This study 

pDR4U 

SKII + ; EcqKI $.3 kb 

This study 

pDR422 

SKU+; Serf]- Cfnl 1.& kb 

This study 

P DR430 

pGKV2J9: £c<rR| 9,3 kb (Bnc*) 

This study 
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Fig.l. Physical map of the cloned lactcoccin operons from LLlactis DRC1 
A: Restriction map of the recombinant plasemid., pDR403. 

The DDBJ accession number of this sequence is D86737. 

B: Restriction map of the recombinant plasmids, pDR413 and pDR422. 

The DDBJ accession number of this sequence is D86738. Arrows show the putative open reading frames. 
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Pathology of Acute Necrotizing Mastitis Caused by Staphylococcus aureus in a Dairy Cow 

Pathology of Acute Necrotizing Mastitis Caused by Staphylococcus aureus in a 
Dairy Cow 
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(Tsukuba, Ibaraki, 305-0856 Japan) 

Present address: 
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(Hitsujigaoka, Toyohira, Sapporo, 062-0045 Japan) 

-Abstract- 

Acute necrotizing mastitis in a cow was investigated pathologically. The udder was firmly enlarged to twice the size of a basketball. 
Histologically, the epithelium of the interlobular duct of the mammary glands was displaced by necrotic debris and bacterial clumps 
(Gram-positive cocci). The intralobular ducts were also necrotic. The alveoli showed scattered necrotic foci varying in size and containing 
bacterial clumps. The vascular walls of the interlobular stroma exhibited fibrinous necrosis with fibrinous thrombi. The liver showed 
centrolobular fatty and droplet degeneration of the hepatocytes. Extramedullary hematopoiesis was observed in the liver, spleen, adrenal glands, 
lungs and kidneys. The bacteria observed in the lesions of the mammary glands were stained positively with immunoperoxidase using an 
antibody against Staphylococcus aureus. Ultrastructurally, the bacteria were round or oval in shape and had thick cellular walls. Capsule-like 
fibrous material was present around the surface of the bacteria. Bacteriologically, Staph.aureus was isolated in pure culture from the mammary 
gland. These findings suggest that Staph.aureus caused the acute necrotizing mastitis. The pathogenesis of the disease was examined. 

Discipline: Animal health 
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-Introduction- 

Bovine mastitis is caused by various bacteria ( Streptococcus, Staph, ylococcus, Corynebacterium, Pseudomonas, Pasteurella, Brucella and 
Escherichia coli), Mycoplasma and fungi (Candida) 2,3,7). Gangrenous mastitis is caused mainly by Staph.aureus 2,3) and E.coli 1-3) . 
Staph.aureus and Clostridium perfringens were isolated from gangrenous mastitis6). Staph.aureus and E.coli are often present in the cow's 
skin and in the environment around the cow. Therefore the localization of these bacteria in the mammary lesions should be investigated in order 
to determine the relationship between the bacteria and the lesions. Although there are some reports concerning the bacteriology 4,6) or histology 
of the disease 1,5) , there are no reports on histological, immunohistochemical and ultrastructural features of gangrenous (necrotizing) mastitis. 

This paper describes the histological, immunohistochemical and ultrastructural features of acute necrotizing mastitis caused by Staph.aureus in 
a cow. 

—Materials and methods- 

An adult Holstein cow delivered a calf uneventfully. A few days after the delivery, the cow developed swelling of the udder, bloody diarrhea, 
pyrexia, difficulty in standing, and a positive reaction for the complement-fixation test of Johne's disease. Ten days after the delivery, the cow 
was sent to our laboratory for pathological examination. 

The cow was euthanized with anesthesia for necropsy. The udder, liver, spleen, kidneys, lungs, heart, adrenal glands, stomach, small intestine, 
large intestine, and other tissues were collected, and fixed in 10% neutral-buffered formalin. The tissues were processed routinely and stained 
with hematoxylin and eosin (HE). Selected sections were stained with Azan stain, Gram stain and phosphotungstic acid hematoxylin (PTAH). 
The paraffin sections were stained using on avidin-biotin-peroxidase complex (ABC)-immunostaining kit (Vector Lab., U.S.A.). A rabbit 
antibody against Staph.aureus was used at 1:2,000 dilution. Mammary gland tissues were fixed in 2.5% glutaraldehyde and post-fixed in 1% 
osmic acid, dehydrated with alcohol, and embedded in epoxy resin. Thin sections were stained with 1% uranyl acetate and Reynold's lead 
citrate, and examined with a transmission electron microscope (TEM). Attempts to isolate bacteria from the mammary glands, the granuloma in 
the liver and the colon of the cow were made by aerobically culturing the samples on sheep blood agar plates and desoxycholate-hydrogen 
sulfide-lactose (DHL) agar plates. 

-Results- 

The udder (all 4 quarters of the udder) was firmly enlarged to twice the size of a basketball. Cheese-like material oozed from the lactiferous 
ducts of the teat papilla and the cut surface of the parenchyma. Encapsulated abscesses (about 2 cm in diameter) were observed in the omentum 
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and in the peritoneum in addition to pathological findings such as, nutmeg liver, stagnation of the bile in the gall bladder, subcutaneous 
gelatinous infiltration and jaundice, and congestion and hemorrhages in the small and large intestines. Staph.aureus was isolated in pure culture 
from the mammary glands of the cow. 

In the mammary gland, interlobular ducts were severely affected. The epithelium of the interlobular duct was displaced by necrotic debris and 
bacterial clumps (Gram-positive cocci) (Fig. 1) . The intralobular ducts of most of the lobules of the mammary glands were also necrotic. The 
alveoli shows scattered necrotic foci varying in size and containing bacterial clumps. In the small necrotic foci, bacterial clumps were 
surrounded by the alveolar epithelial cells showing necrosis. Fusion of such necrotic foci led to the formation of larger foci. The intact area of 
the parenchyma revealed hyperemia. The interlobular stroma showed edematous loosening with some neutrophils and mononuclear cells. The 
vascular walls of the interlobular stroma showed fibrinous necrosis with fibrinous thrombi (PTAH-positive) (Fig. 2) . 

* Fig.l.&Fig.2(87 KB) 

In the liver, the hepatocytes underwent fatty and droplet (Fig. 3) degeneration. Occasionally, megakaryocytes, erythroblasts and granulocytes 
migrated into the sinusoids (Fig. 4) . The spleen showed a marked congestion with megakaryocytes and granulocytes migrating into the red pulp. 
Severe migration of megakaryocytes, erythroblasts and granulocytes was observed into the blood capillaries of the cortex of the adrenal gland. 
Occasionally, megakaryocytes were seen in the alveolar walls of the lung and in the blood capillaries of the kidney. Granulomatous nodules, 
consisting of eosinophilic debris surrounded by multinucleated giant cells and macrophages with proliferation of the fibrous connective tissue, 
were noted in the pleura on the rib. Gram-positive, small, rod-shaped bacteria were seen in the debris which were present in the granuloma. The 
cocci observed in the lesions of the mammary glands were stained positively with ABC stain using an antibody against Staph.aureus (Fig. 5) , 
unlike the rods in the granuloma of the pleura. In the mammary glands, the bacteria which were round or oval in shape and had thick cellular 
walls showed the characteristics of Gram-positive bacteria (Fig. 6-a) . The size of the bacteria ranged from 0.8 to 1.0 'Am in diameter. 
Ruthenium-red-positive fibrous material (capsule) was present around the surface of the bacteria (Fig. 6-b) . 

* Fig.3.&Fig.4,(79 KB). Fig.5.&Fig.6.(65 KB) 

-Discussion- 

In the present case, the lesions of the mammary glands consisted of vascular necrosis with fibrinous thrombosis. These changes had been 
reported previously in Staphylococcal mastitis3). This vascular damage may have played a role in the acute coagulative necrosis of the 
mammary gland parenchyma observed in our case also. Acute Staphylococcal mastitis occurs shortly after parturition3). Extramedullary 
hematopoiesis in the liver, spleen, adrenal glands, lung, and kidney observed in the present case suggests that the cow may have been anemic, 
presumably due to parturition. The cow showed a positive reaction to the complement-fixation test of Johne's disease and had small nodules of 
encapsulated abscesses in the omentum and in the peritoneum. The stresses of parturition, anemia, and infection with another bacterium may 
have led to a higher sensitivity to Staphylococcal infection. 

Previously, researchers had examined histologically 47 cows from an abattoir, and mastitis was recorded in 36 cows5}, of which, two showed 
necrotizing mastitis. Bacteriological investigation was not performed, but cocci were observed in the alveoli in that report5). Necrotizing 
mastitis in cows from which E.coli were isolated has been reportedl). Although the etiological bacteria of mastitis have been usually identified 
by bacterial isolation from mastitis, there have been no immunohistochemical demonstrations of bacteria in mastitis. Etiological agents of 
mastitis are usually present in the skin of cattle and in the environment in which the cattle are housed. Immunohistochemical demonstration of 
the bacteria in the mastitis lesions is important to evaluate the pathogenicity of the bacteria isolated from the lesions. In our present study, the 
immunohistochemical detection of Staphylococcus in the necrotic foci of the mammary gland indicates that necrotizing mastitis may be caused 
by Staph.aureus infection. 

We observed capsular materials (ruthenium-red-positive) in Staph, aureus within the necrotic lesions of the mammary glands. Encapsulated 
strains of Staph.aureus from bovine milk were isolated by Yokomizo & Isayama8). Their report suggests that encapsulated Staph.aureus may 
play a role in the pathogenesis of bovine mastitis. Further studies on the relationship between necrotizing mastitis and encapsulated 
Staph.aureus should be carried out. 
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Severe necrosis of interlobular and intralobular ducts 
The lesions affected the intralobular duct, 
intralobular duts and alveoli (Azan x 30). 



Bacterial clumps(arrows)surrounded by alveolar epithelial cells 
undergoing necrosis 

Thrombus(*)is seen in the blood vessel(He x 100). 


[ok* 
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Extramedullary haematopoiesis in the liver 
Migration of megakaryocytes (arrow), erythroblasts and 
granulocytes into hepatic sinusoids (HE x 200). 


fig3&4 


Droplet (arrows) and fatty degeneration of 

hepatocytes 

(HE x 400) 
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Fig. 6 

a. The bacteria were round or oval in shape, showing a thick cell 
wall, characteristic of gram-positive bacteria (TEM. X 40,000) 

b. Fibrous material (arrows) stained by ruthenium-red, around the 
bacterial cell wall, which forms a capsule (TEM.X 250,000) 
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Distribution and RFLP Mapping of Complementary 
Genes Causing Hybrid Breakdown in Asian Cultivated 
Rice, Oryza sativa L. 
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(Tsukuba, Ibaraki, 305-8602 Japan) 
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Abstract 

Weak plants were found in the BC 1 F 1 generation in a backcrossing program aimed at introducing the wx 
gene from a Thai cultivar, Col.No.15, into a Japanese cultivar, Sasanishiki, in Asian cultivated rice. 
These weak plants were characterized by poor growth and discoloration at the tillering stage, but they 
were fertile. Hybrid breakdown, which is defined as hybrid weakness and sterility detected in the F 2 and 
later inbred generations from varietal crosses, is controlled by a pair of complementary recessive genes, 
hwdl and hwd2, at unlinked loci. Two dominant genes at either the same or different loci, Hwdl/Hwdl 
hwd2/hwd2, hwdl/hwdl Hwd2/Hwd2 or Hwdl/hwdl Hwd2/hwd2 are needed for normal growth. Using 
tester lines homozygous for a pair of complementary recessive genes selected in the BC 1 F 3 , the 
genotypes for hybrid breakdown of 100 Asian rice cultivars were tested based on the phenotype of Fi 
plants. Clinal variation for hybrid breakdown was observed. Cultivars with 2 dominant alleles at either 
hwdl or hwd2 locus, were mainly found in insular Asia (Japan, Philippines and Indonesia), while the 
frequency of cultivars with 4 dominant alleles was more common in cultivars from continental Asia. 
Linkage analysis using RFLP markers mapped over 12 rice chromosomes indicated that hwdl from 
Col.No.15 was located between RFLP markers, C701 and R2309, on chromosome 10, and hwd2 of 
Sasanishiki was tightly linked to 4 RFLP markers on chromosome 7. Role of hybrid breakdown in 
genetic differentiation of Asian cultivated rice is discussed. 

Discipline: Plant breeding/ Genetic resources 

Additional key words: reproductive barrier, hybrid weakness, geographical differentiation, RFLP 
markers 
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Introduction 

Isolating mechanisms prevent or restrict the exchange of genes between and within species and may be 
either external or internal in type 18) - External barriers include eco-geographical isolation of interspecific 
and intraspecific variation and result in unique genotypes adapted to distinct environments. Internal 
barriers restrict gene flow between plants growing sympatrically and play an important role in plant 
speciation and genetic differentiation. 
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In addition to partial cross-incompatibilityi4), different types of reproductive barriers have been found in 
varietal crosses of Asian cultivated rice, Oryza sativa L. These post-hybridization reproductive barriers 
include, hybrid weakness or Fi lethalityi,8,i6), hybrid sterilitysuo), hybrid breakdown3,6,8, 11 - 13 , 19 ), hybrid 
chlorosis 17 ) and distorted segregation?). Among these post-hybridization reproductive barriers, hybrid 
breakdown which is defined as weakness and sporophytic sterility found in the F 2 and later inbred 
generations, is distinct from Fi weakness or lethality. Fi weakness and hybrid breakdown have been 
detected in remote crosses of Asian cultivated rice. Whereas a pair of complementary dominant genes 
causes weakness and lethality in Fi plantsi,8,i6), a pair of complementary or duplicate recessive genes is 
responsible for weakness in the F 2 and later generations3,8,i3). These characters are free from direct 
artificial selection and are useful for research into evolution and differentiation in plants. The 
geographical distribution of genes conferring reproductive barriers reflects the phylogenetic relationship 
of the varietal groups of rice. 

In a breeding program aimed at producing isogenic lines for the wx genes, 30 glutinous cultivars from 
different Asian countries were used for crosses to introduce the wx gene into the Japanese cultivar, 
Sasanishiki. When a Thai glutinous cultivar of upland rice, Col.No.15 was used for the cross, weak 
plants appeared among BC 1 F 1 plants backcrossed to Sasanishiki. 

In this report, the genetic basis of hybrid breakdown found in the above cross, the geographical 
distribution of the genes responsible for hybrid breakdown, mapping of genes using RFLP markers and 
the role of hybrid breakdown in genetic differentiation of Asian cultivated rice will be discussed. 

Inheritance of hybrid breakdownis is) 

To analyze the mode of inheritance of weakness, various populations were produced. Reciprocal crosses 
were made between Sasanishiki and Col.No.15. Fi plants were backcrossed to both cultivars and were 
also self-pollinated. Weak BC1F1 and BC 2 F 1 segregants were crossed to Sasanishiki. Seeds from 
self-pollinated spikelets of weak BC 1 F 1 plants were bulked to detect segregation in the BC 1 F 2 generation. 
Each BC 1 F 2 plant was separately harvested to analyze segregation in the BC 1 F 3 generation. All the 
materials were transplanted in the field at the same time and observed for their growth and morphology. 
BC 1 F 2 bulked populations originating from weak BC 1 F 1 segregants were planted in the field and 
investigated for heading time, culm length and the number of panicles per plant. 

The segregation for hybrid weakness in different generations is shown in Table 1 . Fi plants of reciprocal 
crosses between Sasanishiki and Col.No.15 showed vigorous growth and were fertile. BC1F1 plants 
backcrossed to both cultivars segregated into 3 normal: 1 weak types. Weakness did not appear at the 
seedling stage. The weak BC1F1 segregants became yellow at the tillering stage and stunted. Weak plants 
produced one or a few panicles with fertile seeds. When weak BC1F1 and BC2F1 segregants were 
backcrossed to Sasanishiki, BC2F1 and BC3F1 plants segregated into 1 normal: 1 weak plants. BC1F2 

bulked populations derived from weak BC1F1 plants segregated into 1 normal: 3 weak plants. BC1F3 

lines derived from a random sample of BC1F2 plants segregated into 1 normal: 2 heterozygous : 1 weak 

lines. F2 plants from reciprocal crosses between Sasanishiki and Col.No.15 segregated into 11 normal: 5 

weak plants. Also, F2 plants of reciprocal crosses between Sasanishiki and weak BC1F3 segregants 
showed a good fit to the segregation ratio 1 normal: 3 weak plants. 
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Table 1. Segregation ratios for hybrid weakness observed in each generation(32KB) 

The frequency distribution for heading time, culm length and number of panicles per plant in the BC 1 F 2 
bulked population is shown in Fig. 1 . Heading time occurred from August 5 to August 30 (99 to 124 
days after sowing) and no relation between heading time and weakness was detected. Three-fourths of 
BC 1 F 2 plants had a very short culm and few panicles and the others showed normal growth, reflecting 
segregation for hybrid weakness. 

Fig.l:Frequency distribution for heading time, culm length and number of panicles per plant on 

BC 1 F 2 population from weak BC 1 F 1 plants of the cross, Sasanishiki/Col.No.l5//Sasanishiki(17KB) 

The genetic basis of hybrid breakdown found in the progeny of the cross between Sasanishiki and 
Col.No.15 could be elucidated by assuming the presence of a pair of complementary loci in the same 
manner as postulated by Okas). The segregation ratio for weak and normal plants in all the generations 
analyzed fitted well to the expected ratios in each population for this mode (Table 1) . Based on this 
model, if Sasanishiki and Col.No.15 have the genotypes, AAbb and aaBB, segregants with only one or 
no dominant gene, Aabb, aaBb and aabb, are likely to express the weakness. At least 2 dominant genes at 
either the same or different loci, AAbb, aaBB and AaBb, are necessary for normal growth. 


Based on the results obtained in this study, a pair of complementary loci causing hybrid breakdown in 
Asian cultivated rice was symbolized as hwdl and hwd2. Col.No.15 and Sasanishiki carry recessive 
alleles at the hwdl and hwd2 loci, respectively. 


He ontinue to -Distribution of a pair of complementary genes for hybrid breakdown- 
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for hybrid weakness observed in 
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Fig. 1: Frequency distribution for heading time, culm length and number of panicles per plant on BC1F2 
population from weak BCiFl plants of the cross, Sasanishiki/Col.No.l 5 //Sasanishiki 
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Distribution of a pair of complementary genes for hybrid breakdowns 

Early maturing and fertile BC1F3 lines in which double recessive homozygotes express weakness, were 
selected as tester lines. Using BC1F3 lines lacking dominant genes, hwdl/hwdl hwd2/hwd2, for hybrid 
breakdown, a total of 100 Asian rice cultivars were tested for complementary genes at a pair of unlinked 
loci. Five to 10 Fi plants from each of the crosses were grown in the field and analyzed for weakness 
based on their growth pattern and morphology. F 2 plants from reciprocal crosses between Sasanishiki and 
one of the tester lines were also investigated. 

When the Fi plants between a tester line and a given cultivar show vigorous growth, the cultivar is likely 
to carry 2 pairs of dominant genes, Hwdl/Hwdl Hwd2/Hwd2. When the Fi plants show weakness, the 
cultivar is likely to carry one pair of dominant genes, Hwdl/Hwdl hwd2/hwd2 or hwdl/hwdl 
Hwd2/Hwd2. When the Fi plants were intermediate between normal and weak plants, their F 2 progeny 
was further tested to determine the genotype for hybrid breakdown of cultivars. 

Geographical distribution of a pair of complementary genes causing hybrid breakdown in Asian 
cultivated rice is presented in Fig. 2 . Clinal variation was observed in the frequency of genotypes for 
hybrid breakdown among Asian cultivars. A majority of cultivars with 2 dominant genes, Hwdl/Hwdl 
hwd2/hwd2 or hwdl/hwdl Hwd2/Hwd2, was found in insular Asia, Japan, Philippines and Indonesia. On 
the other hand, the frequency of cultivars with 4 dominant genes, Hwdl/Hwdl Hwd2/Hwd2 was more 
common in continental Asia, China, Vietnam, Laos, Thailand and Myanmar. All the Nepalese cultivars 
analyzed in this study carried four dominant genes. 

Fig.2: Geographical distribution of a pair o f complementary genes responsible for hybrid breakdown 

in Asian cultivated rice(23KB) 

Mapping of complementary genes using RFLP markers^ 

The location of the complementary genes causing hybrid breakdown was analyzed using RFLP markers. 
Two cultivars with 2 dominant genes at either locus were used for one of the parents to produce mapping 
populations. Nepalese cultivar Siborunauli 1 is dominant for hwdl and recessive for hwd2. Thai cultivar 
Col.No.15 is dominant for hwd2 and recessive for hwdl. Crosses between these cultivars and one of the 
tester lines (W26) which is recessive homozygote for these 2 loci were made to produce F 2 mapping 
populations. Fi plants from both cross-combinations had only one dominant allele and showed weakness. 
Two hundred and twenty-five F 2 plants from the cross between W26 and Siborunauli 1 and 184 F 2 plants 
from the cross between Col.No.15 and W26 were analyzed for segregation into weak and normal plant 
types. 

Total DNA was isolated from the leaves of each F 2 plant using standard procedures and was digested 
with restriction enzymes. Southern hybridization and signal detection were conducted using ECL direct 
nucleic acid labeling and a detection kit (Amersham). RFLP markers mapped on the rice linkage map4) 
were used for mapping. Segregation patterns of RFLP markers and plant types in F 2 populations were 
analyzed with MAPMAKER/EXP 3.05). The map position of 2 loci controlling hybrid breakdown was 
determined by multipoint linkage analysis. 
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F 2 plants from the cross between W26 and Siborunauli 1 segregated into 52 normal: 173 weak types. F 2 
plants from the cross between Col.No.15 and W26 segregated into 56 normal: 128 weak types. These 
data fitted to the expected ratio of 1 : 3. Linkage analysis using F 2 population from the cross between 
W26 and Siborunauli 1 revealed that the gene hwdl was located in the proximal region on chromosome 
10. The gene, hwdl, was linked between RFLP markers C701 and R2309 at a distance of 0.9 
centiMorgans (cM) and 0.6 cM, respectively (Fig. 3) . In the F 2 population from the cross between 
Col.No.15 and W26, 4 RFLP markers (C796B, R1382, C145, C492) co-segregated with plant types, 
indicating that hwd2 was located in the central region of chromosome 7 (Fig. 4) . 

Fig.3: Linkage map showing the position of hwdl responsible for hybrid breakdown in rice(17KB) 

Fig.4:Linkage map showing the position ofhwd2 responsible for hybrid breakdown in rice(19KB) 


Role of hybrid breakdown in varietal differentiation of Asian cultivated rice 


Hybrid weakness in Fi and hybrid breakdown including weakness in F 2 and later generations have been 
observed in particular crosses among Asian rice cultivars. The former occurs under a complementary 
dominant gene system and Fi plants heterozygous for 2 complementary loci are not viablei,8,i6). The latter 
occurs under a complementary or duplicate recessive gene system and F 2 progeny segregates into 
weak8,3,i3), partially sterile6,i 1,12,19) or chloroticn) plants according to Mendelian segregation ratios. 


Hybrid weakness analyzed in this study was detected in F 2 and later generations in the cross between a 
Japanese and a Thai cultivar. Therefore, this weakness is categorized into hybrid breakdown and is 
controlled by a pair of complementary recessive genes with a segregation ratio of 11 normal: 5 weak 
plants in the F 2 . These results are the same as those reported in the F 2 of a cross between an Indian 
cultivar and a Japanese cultivars). On the other hand, a duplicate recessive gene system with a 
segregation ratio of 15 normal: 1 weak or chlorotic plants in the F 2 has also been reported3, 17). If hybrid 
breakdown contributes to promoting indica-japonica differentiation of Asian cultivated rice, these 
complementary or duplicate genes causing hybrid breakdown must be distributed independently in indica 
and japonica rices. In this study, one of the complementary genes for hybrid breakdown, hwdl, was 
carried by the indica cultivar, Col.No.15, and the other gene, hwd2, the japonica cultivar, Sasanishiki. 
These findings suggest that the genes may have caused or accelerated indica-japonica differentiation. 
However, to gain a better understanding of the role of hybrid breakdown in varietal differentiation, the 
distribution pattern of hwdl and hwdl in rice cultivars with the genotypes, Hwdl/Hwdl hwd2/hwd2 and 
hwdl/hwdl Hwd2/Hwd2, will be further analyzed. 
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Fig.3. 

Linkage map showing the position of hwdl responsible for hybrid breakdown in rice 

Loci are shown on the right side map and the distance (cM) among rflp markers is shown on the left side 
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Fig.4. 

Linkage map showing the position of hwd2 responsible for hybrid breakdown in rice 
Loci are shown on the right side map and the distance (cM) among rflp markers is shown on the left side 
map of chromosome 7. 
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Groundwater Pollution by Cattle Slurry Stored in Unlined Lagoon 
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Abstract 

The influence of dairy wastes stored in an unlined lagoon on the total nitrogen concentration of shallow groundwater was investigated in 
western Hokkaido. The lagoon was constructed in a meadow consisting of an Andosol with a high water table. Increase of the total nitrogen 
concentration in groundwater was observed at a distance of 75 m from the lagoon within 4 days after a low concentration dairy slurry was 
loaded into the lagoon. At a distance of 15 m from the lagoon, higher total nitrogen concentration was still observed 85 days after slurry 
loading. These facts clearly indicate that groundwater contamination by cattle slurry stored in the unlined lagoon occurs very quickly and 
persists for a very long period of time. 

Discipline: Agricultural environment 
Additional key words: nitrogen leaching, Andosols 

Received for publication, June 3,1998 

1 ~ 9 ) : References 


Introduction 

In Japan, the largest dairy farming areas are located in the eastern and the northern parts of Hokkaido. The farms are getting larger and the 
number of dairy cattle is increasing in these areas. Dairy wastes were usually separated into solid and liquid materials. However, increasing 
volume of dairy wastes recently has tended to be handled as slurry. Slurry is sometimes stored in unlined earthen pits, namely lagoons, for 
economic reasons. Lagoons have already been used in more concentrated animal industries such as swine production in Japan. 

Obviously, the utilization of such lagoons is associated with the risk of groundwater contamination. Ozaki et al. 6) observed an increase in the 
concentration of nitrate in shallow groundwater at a distance of 50 m from a swine waste lagoon. Shimura and Tabuchist pointed out that the 
nitrate concentration of the river increased in proportion to the livestock density of the catchments where lagoons are used. 

On the other hand, there are conflicting reports on the influence of lagoonsi, 3 ) because the infiltration rates of slurry vary depending on the 
experimental conditions 2 , 7 ). In a test conducted under drastic conditions, using a 2 ha lagoon filled with relatively dilute beef cattle manure, 
Miller et al. 5 ) observed the rapid self-sealing of the lagoon within 2 weeks. They concluded that the lagoon had no effect on the downstream 
groundwater quality. However, Culley and Phillips 3 ) concluded that lagoons were not effectively sealed in an experiment covering a 5-year 
period using 3 lagoons constructed in areas with different soil types. 

In this study, the objective was to examine the risk of utilizing an unlined lagoon. Influence of dairy wastes stored in a lagoon on the total 
nitrogen concentration of shallow groundwater was investigated. In order to observe the influence clearly, an experiment was conducted under 
drastic but possible conditions in actual farms. In the experimental design, special attention was paid to both areal expansion and temporal 
changes of groundwater contamination. Detailed process of contamination is described and its magnitude was analyzed. 

Materials and methods 

1) Site description 

The experiment was conducted at Hokkaido National Agricultural Experiment Station, Sapporo (43o O' N., 141o 24' E.). A cylindrical lagoon, 
10 m i.d.xl .8 m depth, was excavated in a meadow in June 1995. The experimental field was located on a gentle slope on Tsukisamu terrace. 
Inclination of the slope was 1.7o (Fig. 1). 

Fig. 1. Contour map o f experimental site(40KB) 

The soil belonged to Cumulic Andosols 9 ). Tsukisamu terrace is composed of the Tsukisamu clay Formation of Late Pleistocene, covered with 
volcanic ashes. Soil survey revealed that volcanic ashes could be divided into a humus accumulation layer and Eniwa loamy layer. A 
transitional layer was observed beneath the Eniwa loamy layer. The upper part of the Tsukisamu clay Formation was divided into 3 layers 
based on structural differences, namely upper, middle and lower Tsukisamu clay layers (Fig. 2) . Based on properties such as texture of soil 
layers or spurting out of groundwater, the transitional layer and middle Tsukisamu clay layer were considered to be the main paths of 
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groundwater flow, although their hydraulic conductivity was not appreciably different from that of the Eniwa loamy layer. Lower Tsukisamu 
clay layer was an impermeable layer, whose hydraulic conductivity was the lowest. Middle Tsukisamu clay layer was an aquifer because it 
was underlain by an impermeable layer. 

Fig. 2. Soil profile at the location of the lagoon(33KB) 

2) Operation 

One hundred two tons of dilute dairy cattle slurry, with a concentration of 0.8 gN/L total nitrogen, were loaded into the lagoon on June 14, 
1995. Since the slurry was rapidly depleted within a few days, additional 23 t were applied on June 21, 1995 in order to keep sufficient loads 
of slurry. 

Groundwater samples were collected from 38 monitoring wells surrounding the lagoon during the period of June 8 and September 7, 1995 
(Fig. 1) . Thereafter, the lagoon was overflowed by heavy rainfall, and groundwater sampling was discontinued. Sampling of groundwater was 
carried out almost every day in the first week after slurry loading, and every 1 or 2 weeks, thereafter. A polyvinyl chloride pipe 26 mm in 
diameter was used as monitoring well. The pipe was perforated in the lower part up to 60 cm from the bottom, and was set at a 2 m depth from 
the soil surface (Fig. 3) 

Fig. 3. Profile of survey line along the slope(26KB) 

3) Analysis 

Total nitrogen concentration of the groundwater samples was analyzed chromatically after potassium peroxosulfide degradation^. Samples 
contained a large amount of suspended solids, and they were allowed to stand for a week before analysis in order to induce the precipitation of 
the suspended solids. Nevertheless, the groundwater samples could not be analyzed by ion chromatography because of the residual 
suspension. 

Soil samples were analyzed for water soluble inorganic ions. Analysis was carried out using 0.45 mm filtrate of water : soil = 5:1 extracts by 
ion chromatography (DX-AQ, Nippon Dionex K. K., Osaka, Japan). Results were expressed as ion concentrations in soil water. 

He ontinue to: [Results!, [Discussion! 
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Fig.l .Contour map of experimental site 

Contour lines are indicated with relative altitude values to the origin of the survey (m). 
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Soil profile at the location of the lagoon 
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Results 


1) Effect of slurry application on total nitrogen concentration of shallow groundwater 

Highly contaminated groundwater was observed immediately after the first slurry loading. Contamination spread rapidly. Expansion of 
contaminated groundwater occurred mainly along the slope inclination (Fig. 4) . After 9 days of the first loading, the contaminated area 
decreased. However, contamination still persisted at 85 days after the first loading in the vicinity of the lagoon 

Fig. 4. Expansion of groundwater containing a high concentration of total nitrogen(43KB) 


In order to analyze the temporal changes of the total nitrogen concentration in detail, data of 8 monitoring points on line A (Fig. 1) are shown 
in Table 1 . Based on the background level, 1.2 mgN/L at most, the data over 2 mgN/L were considered to indicate the contamination of 
groundwater by the slurry (depicted in shadowed boxes). On the next day of the first slurry loading, the total nitrogen concentration exceeded 
the background level at a distance of 50 m from the lagoon. On the 4th day, 75 m point was also contaminated. After 9 days, the 
concentration decreased at most of the monitoring points. However, contamination still persisted at 85 days after the first loading at 15 m 
point. 

Table 1. Temporal changes in total nitrogen concentration of groundwater 


Distance from 
lagoon 


Total nitrogen concentration (mgN/L) 
Days after slurry loading 


5m 
10 m 
15 m 
20 m 
25 m 
50 m 
75 m 
100 m 


-6 d l_d 

0.6 142.6 

0.7 82.8 

0.6 50.5 

0.5 33.3 

0.5 3.5 

0.5 2.0 

0.1 0.3 


2d 4d 

180.7 217.1 

127.9 143.0 

19.4 91.3 

10.5 30.9 

11.5 17.5 

3.0 11.1 

0.6 2.6 

0.2 0.3 


7d 9d 

208.7 184.8 

112.2 96.0 

80.4 64.5 

43.4 44.2 

19.2 21.1 

11.8 7.9 

3.9 4.1 

0.0 0.5 


15d 22d 

210.9 87.6 

69.4 46.3 

38.1 28.9 

29.6 19.8 

20.4 3.3 

1.8 3.8 

4.2 2.9 

0.5 0.3 


43 d 85 d 

113.7 17.2 

41.5 10.6 

26.9 3.5 

7.5 1.9 

2.5 1.5 

2.2 1.1 

1.4 0.7 

0.3 0.6 


Samples were collected from wells on survey line A ( Fig.l ) . 
Values over 2 mgN/L are shadowed. 


2) Contamination path 

After monitoring of the total nitrogen concentration in the groundwater, the slurry was removed and the surrounding soils were analyzed for 
water-extractable inorganic ions. 

In order to analyze the running path of contaminated groundwater, soil samples were collected from every 20 cm layer at 5 sites on line A 
(Fig. 1) . Influence of slurry was obvious at 5 m point down the lagoon (Fig. 5) . Ammonium, potassium and chloride were mainly detected in 
the middle Tsukisamu clay layer. This fact corresponded to the observation that the middle Tsukisamu clay layer was an aquifer, suggesting 
that most of the contaminated water moved through this aquifer. Interestingly, the nitrate distribution was very different for unknown reasons. 

Fig.5.Distribution of water-extractable ions in soils(along the slope)(31KB) 

Downward seepage of slurry was examined using soils beneath the bottom of the lagoon. Ammonium, potassium, nitrate and sulfate were 
mainly distributed within a 20 cm area under the bottom. Chloride was detected slightly deeper, but most part remained within the 50 cm 
zone (Fig. 6) . These facts indicate that downward seepage of the slurry was negligible in this study compared to the horizontal expansion of 
the contamination. 

Fig. 6.Distribution of water-extractable ions in soils(25KB) 

Discussion 

We examined the influence of slurry stored in an unlined lagoon on the total nitrogen concentration of groundwater. Experimental conditions 
were drastic. The lagoon was constructed where a continuous flow of shallow groundwater was expected, and the slurry which had a very 
low viscosity would easily percolate into soils. These conditions allowed us to clearly demonstrate the areal expansion, temporal changes and 
running path of groundwater contamination. 

Through an aquifer, an immediate leakage of slurry was observed. On the other hand, decrease of contamination was also observed at the 
early stage, suggesting that self-sealing effect of the lagoon had occurred. However, this fact may not rule out the risk of continued leakage of 
slurry because the contamination of groundwater was still detectable at 85 days after the first loading. Moreover, although we constructed a 
lagoon as large as possible, it was even smaller than those used in actual dairy farms. With 50 cows, our model lagoon might be filled up in 
approximately 40 days, only half of the period during which the influence of slurry on the contamination of groundwater was still observed. 
Persisting contamination was also detected in a swine farm in Japan®- wh ere a lagoon kept polluting the groundwater at a distance of 50 m 
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even after 20 years of use which should have been long enough for self-sealing to occur. 

Special attention must be paid to the presence of macropores. They largely contribute to the groundwater flow, but precise evaluation of their 
contribution is difficult. We detected a contamination at a distance of 50 m on the next day of slurry loading, which suggests that 
contaminated water moved down through some paths with a lO-o cm/s order hydraulic conductivity. Average hydraulic conductivity was 10-3 
cm/s order in permeable layers, and even the highest value of all the data obtained was 10-2 cm/s order. Contribution of a considerable 
number of macropores was ruled out in the estimation of hydraulic conductivity despite repeated tests. Therefore, it is unlikely that the 
velocity of the groundwater flow can be predicted based on the hydraulic conductivity. 


Evaluation of the slurry loss is important to consider the risk of a lagoon. In this study, the depth of stored slurry was monitored (Fig. 7) . It 
decreased rapidly at the earlier stages and gradually at the later stages. Increase after 54 days was due to heavy rainfall. Precise estimation of 
slurry loss was impossible because precise estimation of evaporation and dilution of slurry was uncertain. Therefore only a rough estimation 
was carried out by comparing the monitored slurry depth and the calculated one, assuming the absence of leakage, dilution and maximum 
evaporation (5 mm a day) from the lagoon. Calculated depth surpassed the monitored one, and the difference between the two increased 
throughout the period until 54 days after slurry application to the lagoon, when the monitored depth was only 77%of the calculated one. As 
the slurry had actually been diluted by rainfall during the experiment and the evaporation rate used for the estimation is maximum in this 
region, more than 23% of total nitrogen in the slurry initially stored in the lagoon was lost within 85 days. 

Fig.7.Temp oral changes in depth of slurry(21KB) 


Dotted line shows calculated depth of slurry. Line with closed circles shows observed depth (refer to text). Average air temperature was 18.8 
oC during the experiment (June 14 - September 7, 1995). 


This study demonstrated the risk of using an unlined lagoon for dairy waste storage although experimental conditions were drastic. 
Environmental problems around livestock farms are a major cause for concern in Japan as they may become more serious in the absence of 
proper measures. In particular, for the storage of animal excreta, further caution should be paid and risky constructions should be avoided. 
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Distribution of water-extractable ions in soils (along the slope) 
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Fig.6. Distribution of water-extractable ions in soils 
(beneath the bottom of the lagoon) 
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Fig.7. Temporal changes in depth of slurry 

Dotted line shows calculated depth of slurry. Line with closed circles shows observed depth (refer to 
text). Average air temperature was 18.8 oC durin g the experiment (June 14-September 7, 1995). 
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Abstract 

Growth response to organic nitrogen application was observed among various crops. We used rice bran 
mixed with rice straw as organic nitrogen source with a C/N ratio of 20. Nitrogen was not readily 
released from the organic matter because of the high C/N ratio. Organic nitrogen was applied with 
chemical fertilizers in an upland field to various crops such as upland rice, maize, potato, sugar beet and 
soybean. Inorganic nitrogen level in fallow soil was lower until the middle of the growth stage when 
organic nitrogen and chemical N-P-K fertilizers were applied, compared to the application of chemical 
fertilizers, only. In contrast to the inorganic nitrogen level in soil, upland rice grew better with organic 
nitrogen than chemical fertilizer, and took up more nitrogen than other crops during the first 100 days 
after amendment with organic nitrogen. These results can be attributed to 2 factors. (1) Higher 
mineralization rate in the rhizosphere of upland rice compared with other crops. Upland rice may 
enhance nitrogen mineralization in soil by the secretion of some enzymes such as protease and/or 
materials promoting microorganism activity. (2) Upland rice has a greater ability to take up organic 
nitrogen directly. If a crop is capable of taking up organic nitrogen in the form of amino acids, peptides 
and protein, the crop could absorb nitrogen with less competition for nitrogen with microorganisms 
compared with a crop which absorbs nitrogen mainly as nitrate. The protease activity in the soil planted 
with maize and sugar beet was higher than that in the soil planted with upland rice and in fallow soil. 
These results show that the enhancement of nitrogen mineralization is not essential for upland rice. In 
relation to hypothesis (2), upland rice took up more amino acids than maize in a solution culture 
containing some kinds of amino acids. The amino acid and protein contents in the soils from the 
rhizosphere and non-rhizosphere zones of upland rice (hereafter referred to as "rhizosphere and 
non-rhizosphere soils") were lower than those in the case of maize, soybean and fallow soil. We also 
observed that upland rice took up nitrogen before mineralization based on a 15N-labelled rice bran 
application test. These results suggest that upland rice may take up organic nitrogen preferentially 
compared with other crops. We examined on the nitrogen uptake mechanism of upland rice and maize. 
Upland rice takes up nitrogen preferentially in the organic form rather than as nitrate which is the 
favorite form for maize. Endocytosis is one of the mechanisms for organic nitrogen uptake by upland 
rice. 

Discipline: Soils, fertilizers and plant nutrition 

Additional key words: maize, nitrogen uptake, rice bran, upland rice 
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Introduction 


Sustainability of agriculture became a major issue of global concern during this decade. Agronomic 
practices aimed at reducing the dependence on inputs such as chemical fertilizers can contribute to 
sustainability. Nitrogen is the most limiting and commonly applied nutrient for crop production. The 
development of nutrient-responsive cultivars especially during the past 3 decades led to an intensive use 
of nitrogen fertilizers in many agricultural systems. Environmental and economic problems associated 
with such a practice have, however, generated an interest in alternative management systems, including 
the exploitation of beneficial biological functions and substitution of chemical fertilizers with 
farm-generated products. 

Application of organic matter has long been known to improve the soil physical properties besides 
providing several nutrients including nitrogen. Nitrogen fertility of soils is determined by the amount of 
inorganic nitrogen released from soils during incubation in the laboratory^. In fact, the nitrogen fertility 
measured by this method is positively correlated with the nitrogen uptake by plantsio). There are several 
arguments, however, against the use of this method. The amount of nitrogen uptake by plants does not 
always correspond to the amount of nitrogen released from soils, but depends on plants under the same 
growth conditions. This does not occur if plants take up inorganic nitrogen formed from organic nitrogen 
in soils through natural mineralization. It is thus suggested that some crops take up nitrogen in a special 
form. 
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Nitrogen uptake response of crops to organic nitrogen application 

Growth response to organic nitrogen application has been studied in upland rice and maize in a field 
experiment using an inorganic nitrogen source (ammonium fertilizer) and an organic nitrogen source, 
consisting of a mixture of rice bran and rice straw as amendments. Fig. 1 shows the nitrogen 
mineralization pattern from soils with rice bran and/or rice straw application. 

Fig. 1 .'Changes in the amount of nitrogen released from soil amended with rice bran and rice straw 

singly or in combination (RBS) at 30o C(25KB) 

1) Field experiment 

In 1992, maize ( Zea mays L. var. DK250), potato ( Solanum tuberosum L. var. Toyoshiro), soybean 
(i Glycine max Merr. var. Tachinagaha), sugar beet (Beta vulgaris L. var. Beetmonobar) and upland rice 
(Oryza sativa L. var. Toyohatamochi) were grown in an Andosol (41.7 g C kg-i, 3.4 g N kg-i dry soil) 
field at the National Institute of Agro-Environmental Sciences, Tsukuba, Japan. All the cultivations were 
performed under upland field conditions. Organic nitrogen was supplied as a 4:1 mixture of rice bran and 
straw (RBS). The C/N ratio of this mixture was 20. In 1993, only maize and upland rice were cultivated 
to confirm the reproducibility. 

Nitrogen uptake by upland rice, soybean and potato supplied with organic nitrogen was higher than that 
of the control (Fig. 2) . However, the amount of inorganic nitrogen in the fallow plot amended with 
organic nitrogen was lower than in the control (Fig. 3) . These facts indicate that nitrogen uptake by some 
crops did not reflect the nitrogen levels in soil, and that they displayed a nitrogen uptake ability in the 
presence of organic nitrogen sourcesii). 

Fig.2:Nitrogen uptake response of various crops to organic nitrogen at various inorganic nitrogen 

rates applied as ammonium sulfate under field conditions(32KB) 

Fig.3:Changes in inorganic nitrogen content at each depth of the fallow plot amended with 

ammonium sulfate at 80 kg ha-l nitrogen rate(25KB) 

2) Pot experiment 

Pot experiments were conducted to study this phenomenum more precisely by avoiding the effect of root 
spread. In 1992 and 1994, maize, soybean (non-nodulated cultivar, var. T201) and upland rice were 
cultivated in pots (vol 3.8 L) containing approximately 3 kg dry soil (Andosol). Organic nitrogen was 
supplied with RBS at a rate of 0.1 g kg-i soil. 

Nitrogen uptake by upland rice was higher than that by the other crops, and showed a positive 
relationship with the amount of organic matter applied (Fig. 4) . In contrast, maize took up nitrogen 
actively in the ammonium sulfate plot, indicating that the nitrogen uptake response to organic nitrogen 
does not depend on the root spread but on crop properties. 

Fig.4:Nitrogen uptake by various crops at two growth stages following the application ofrbs and 

ammonium sulfate in a pot experiment in 1992(25KB) 

We proposed 2 hypotheses for the higher nitrogen uptake of upland rice compared with maize as follows: 
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Nitrogen uptake response of crops to organic nitrogen application 


Upland rice (1) accelerates nitrogen mineralization from organic nitrogen, by secreting some enzymes9) 
or by stimulating the activity of microorganisms3), and (2) takes up nitrogen as protein, amino acids and 
ammonium preferentially with little competition with microorganisms before mineralization^). 


Sc ontinue to: [Factors for differences in nitrogen uptake among cropsl 

Contents 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-1/yamagata/yamagata2.html (2 of 2) [10/7/2002 9:21:56 PM] 



Fig 

Fig.l. 

Changes of the amount of nitrogen released from soil amended with rice bran and rice straw singly or in 
combination (rbs) at 30°C 
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Fig.2. Nitrogen uptake response of various crops to organic nitrogen at various inorganic nitrogen rates 
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Fig.4.Nitrogen uptake by various crops at two growth stages following the application of RBS and 
ammonium sulfate in a pot experiment in 1992 
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Factors for differences in nitrogen uptake among crops 

1) Differences in nitrogen uptake derived from isN-labelled rice bran among crops 

Upland rice, maize, and soybean were cultivated with isN-labelled rice bran in pot trials. The crops and soils were sampled to 
determine the nitrogen and isN contents at 3 stages. The total nitrogen content in the plants and inorganic nitrogen content in the 
soils were determined by a calorimetric method following Kjeldahl digestion and KC1 extraction, respectively. The content of isN 
was measured by emission spectrometry. 

The isN content of upland rice was highest among other crops (Table 1) , suggesting that upland rice is more likely to take up 
nitrogen in the form of ammonium, amino acids and peptides than nitrate which would reduce isN concentration in a plant, 
because nitrate would be diluted by the nitrate presence in soili5). This assumption was supported by the fact that no differences 
were detected in the ammonium chloride plot. 

Table 1. 15 ^ Concentration (atom%)of nitrogen taken up by various crops using isN-labelled rbs and ammonium, chloride 


i5N-labelled source 


Days after showing 


56 


69 


82 


RBS 


Upland rice 

Maize 

Soybean 


1.44+0.04 1.53±0.01 1.54+0.02 

1.39±0.06 1.36*0.01 1.38+0.03 

1.26*0.03 1.33+0.03 1.38+0.01 


Ammonium chloride 


Upland rice 

Maize 

Soybean 


3.11±0.10 3.05±0.02 3.02+0.04 

3.06±0.06 3.09±0.03 2.90±0.04 

2.80±0.06 2.90±0.02 2.89±0.02 


2) Differences in protease activity in rhizosphere among crops 

Protease activity in the soil planted with crops was measured to determine how much the so-called "rhizosphere effect" 
contributedxcm) containing Andosol in 1995. We sampled the soils in the rhizosphere and non-rhizosphere zones separately at 26 
and 34 days after sowing, and measured the protease activity of these soils using both casein and Z-phe-leu as substratessi. 

Table 2 shows the protease activity in whole pot soil for each crop including rhizosphere and non-rhizosphere soils. The activity 
in the case of maize was higher than that of upland rice, while in the case of soybean an intermediate activity between these 2 
crops was detected for both substrates. These results suggest that the rhizosphere effect involved in nitrogen mineralization is not 
related to the high nitrogen uptake by upland ricei4). 

Table2. Protease activity in pot soil planted with various crops in rbs plot at original pH 

Protease activity (l4mol h 1 S 1 dry so 'b 
Caseine method Z-phe-leu method 


Crops 
Upland rice 
Maize 
Soybean 
Fallow 


26 days 
1.62 
2.67 
1.52 
2.19 


34 days 
1.64 
2.11 
1.78 
1.31 


26 days 
1.57 
1.56 
1.71 
1.48 


34 days 
1.78 
1.96 
1.90 
1.67 


3) Amino acid application in solution culture 

Rice and maize seedlings were initially grown for 30 days in perlite pots without any addition of nutrients. After sterilization in an 
ampicillin solution, the seedlings were supplied with a nutrient solution consisting of 1 M nitrogen solution of nitrate, ammonium, 
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aspartate, glutamate and arginine, individually. These amino acids are considered to be the major components of rice bran 
proteins). 

Nitrogen uptake efficiency of ammonium, aspartate and arginine in upland rice was much higher than in maize with the exception 
of glutamate (Fig. 5) . These results suggest that upland rice could directly take up amino acid nitrogen more effectively than 
maize. 


Fig.5:Nitrogen uptake efficiency in the form of ammonium and amino acids in upland rice and maize expressed as ratio to 

nitrate uptake (=100) in solution culture(27KB) 

4) Contents of various forms of nitrogen in pot soil 

Upland rice and maize were grown in an Andosol. The contents of protein in the rhizosphere soils of upland rice at all sampling 
dates after sowing were the lowest among other crops (Fig. 6) . The fractionated protein contents of all the rhizosphere soils at 62 
DAS were lower than those of fallow soil (Fig. 7) . The protein content in fallow soil without RBS was lower than that in fallow 
soil with RBS, but still higher than that in the rhizosphere soil of crops. These facts indicate that upland rice took up protein over 
a wide range of molecular weights from the soil, exceeding the amount of protein derived from RBS. As the protease activity in 
the rhizosphere soil of upland rice was lower than that of maize, the lower concentration of protein in the rhizosphere soil of 
upland rice did not result from the hydrolysis of protein by the rhizosphere protease 1 3). 

Fig.6:Protein content in rhizosphere soil of upland rice and maize in a pot trail with rbs 

Fig.7.‘Content of protein fractionated into molecular fractions followed by ectraction with phosphate buffer in rhizosphere and 

fallow soil amended and not amended with rbs at 62 days after sowing(36KB) 

Differences in nitrogen uptake between upland rice and maize 

Fig. 8 shows the nitrogen dynamics in the rhizosphere soil and differences in nitrogen uptake between upland rice and maize. In 
this scheme, protein originating from organic matter was decomposed into amino acids via peptides, changed to ammonium and 
transformed into nitrate. There was a strong competition with microorganisms for nitrogen. 

Fig. 8:Scheme of nitrogen mineralization-immobilization cycle in soil and utilization of various nitrogen forms by crops and 
microorganisms(22KB) 

In the previous section, we proposed 2 hypotheses for the high nitrogen uptake by upland rice. Hypothesis (1) was ruled out, 
because the rate of organic nitrogen degradation to amino acids was not essential for the high nitrogen uptake by upland rice. 
Hypothesis (2) was supported based on isN-labelled RBS application, amino acid supply test and the analysis of the cultivated 
soils. We concluded that upland rice preferentially takes up ammonium, amino acids and protein, whereas maize takes up nitrate 
mainly. 

Mechanism of organic nitrogen uptake in crops 

Plants take up amino acids to incorporate them with less energy compared to nitrate because amino acids can be directly 
incorporated into metabolic processes. In fact, sedge grass in tundra soils preferentially took up amino acid nitrogen to inorganic 
one compared with barley 2 ). Also birch growing in moist land took up amino acids rather than nitrateu. We estimated that similar 
phenomena may occur in the rhizosphere of upland rice under upland field conditions when organic materials such as RBS were 
applied. 


There are several reports on the absorption of protein by plants. For example, upland rice and barley also absorbed proteins such 
as albumin and hemoglobin and grew well in solution culture, while naked barley grew better in RNA solution than in nucleotides 
derived from the decomposition of RNA6). A mechanism of "heterophagy" for direct protein uptake has been reported in upland 
rice7). Hemoglobin molecules were taken up by the cell membrane in upland rice through PL-invagination, then moved to 
vacuoles to be digested for nitrogen nutrition. This mechanism suggests that direct protein uptake by upland rice under upland 
field conditions may occur. This mechanism can be attributed to the strong response of upland rice to organic nitrogen, since 
nitrogen in the protein form would be taken up with less competition for soil nitrogen. 
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Fig.5. 

Nitrogen uptake efficiency in the form of ammonium and amino acids in upland rice and maize 
expressed as ratio to nitrate uptake (=100) in solution culture 
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Fig.7. Content of protein fractionated into molecular fractions 
followed by extraction with phosphate buffer in rhizosphere 
and fallow soil amended and not amended with RBS at 62 
days after sowing 
Bars indicated SE (n=3). 
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Fig.8.Scheme of nitrogen mineralization-immobilization cycle in soil and utilization of various nitrogen 
forms by crops and microorganisms 
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Abstract 

Results obtained in a special project on insect-borne virus/virus-like diseases of tropical fruit trees 
implemented during the period 1991-1995 are presented. Incidence of papaya ring spot virus (PRSV), 
papaya leaf-distortion mosaic virus (PLDMV), banana bunchy top virus (BBTV), cucumber mosaic virus 
(CMV), citrus greening and citrus tristeza virus (CTV) was examined by ELISA tests for virus diseases 
of papaya, banana and citrus, and by DNA probes for citrus greening. The FFTC survey teams visited 
countries in the Asia and Pacific region including Fiji, Guam, Indonesia, Japan (Okinawa), Korea 
(Cheju), mainland China, Peninsular Malaysia (West Malaysia), Sabah and Sarawak (East Malaysia), 
New Caledonia, Palau, the Philippines, Pohnpei, Saipan, Taiwan, Thailand, Tonga, Vietnam and West 
Samoa. The distribution of PRSV and PLDMV diseases is expanding. A large area covering East 
Malaysia, Mindanao, Fiji, Indonesia, New Caledonia, Palau, Pohnpei, Tonga, Western Samoa was found 
to be free from these diseases. In Okinawa, Taiwan and Saipan which are located in the northern 
marginal area of distribution of PRSV, the incidence of PLDMV was also observed. BBTV used to occur 
together with CMV. BBTV had a wider distribution than had been previously assumed, because banana 
plants did not show lesions when infected with the symptomless mild strain of BBTV. Except for some 
Pacific islands including those in Micronesia and New Caledonia, all the countries visited were found to 
be infected with both BBTV and CMV. Citrus was affected by the greening disease and CTV except for 
some islands in Micronesia. The distribution of a new greening strain which infects pomelo is now 
expanding. In addition to Taiwan and Mainland China, Okinawa, Mindanao, Palau and Thailand, citrus 
trees including pomelo are likely to be destroyed unless appropriate control measures are taken. 
Integrated management system of insect-bome diseases of fruit trees was analyzed in terms of the 
development of a production system for virus-free seedlings, protection of seedlings from attacks of 
viruliferous vectors and the elimination of virus sources. 

Discipline: Plant disease/insect pest 

Additional key words: insect-bome diseases, IPM, fruit tree, aphids, citms psyllids 
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Papaya Ring Spot, Banana Bunchy Top, and Citrus Greening in the Asia and Pacific Region: Occurrence and Control Strategy 


Introduction 

The Food and Fertilizer Technology Center for the Asian and Pacific Region (FFTC/ASPAC) conducted 
a Special Project on insect-borne virus (-like) diseases in the tropics and subtropics. This project was 
funded by the Japanese Government, but some activities conducted in Taiwan were supported by the 
Council of Agriculture (COA), Taiwan. 

Emphasis was placed on fruit trees, because there is no international research institute dealing with 
tropical fruits except for banana, and because the control of insect-borne diseases requires 
inter-disciplinary cooperation between e.g. entomologists and virologists. Furthermore, perennial crops 
such as fruit trees are likely to be exposed for a relatively long period of time to infection with viruses, 
making the control of the diseases extremely difficult. 

The FFTC organized survey teams, composed of entomologists and virologists, on insect-bome diseases 
of citrus, papaya and banana to be conducted in countries of the Asia and Pacific region. Since 1988, 
when the first survey was conducted in the Philippines and Thailand, survey teams have visited many 
countries in the Asia and Pacific region, including Fiji, Malaysia (East and West), New Caledonia, Palau, 
the Philippines, Pohnpei, Saipan, Taiwan, Thailand, Tonga, Vietnam and Western Samoa. 

The incidence of fruit tree diseases in the Asia and Pacific region is reported in this paper, i.e. diseases 
caused by banana bunchy top virus (BBTV), papaya ring spot virus (PRSV), papaya leaf distortion 
mosaic virus (PLDMV), citrus tristeza virus (CTV) and greening (GO), and strategy for the application 
of IPM for the control of these diseases is also outlined. 

Sc ontinue to: Papaya ring spot virus (PRSV) and papaya leaf-distortion mosaic vims (PLDMV) 

diseases 
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Papaya ring spot virus (PRSV) and papaya leaf-distortion mosaic virus (PLDMV) diseases 

1) Expansion of papaya virus diseases 

PRSV disease was first detected in Kaoshung, Taiwan in 1975, and in Luzon, the Philippines in 1982. In Taiwan, 44% of a total of 2,100 ha of 
papaya orchards were not able to produce fruits in 1978 due to PRSV disease, which spread all over the island in 1980 15) - 

The FFTC survey team confirmed the incidence of PRSV disease in Johore, Malaysia based on serological diagnosis in 1991. We also 
confirmed the occurrence of PRSV disease in Southern China (1990), Central Thailand (1990), Vietnam (1992), Luzon, the Philippines 
(1993), Saipan, Commonwealth of the Northern Marianas (1994) and Guam (1994). No infection had been detected in Northern Thailand, 
Mindanao and Cebu (Philippines), Sabah and Sarawak (East Malaysia), Java (Indonesia), New Caledonia, Fiji, West Samoa, Tonga, Palau and 
Pohnpei (Table 1). 

Table 1.Distribution of virus (like) diseases of fruit trees in the Asia and Pacific region(42KB) 

Papaya trees infected with PLDMV display symptoms characterized by rosettes on leaves with slender stems on the crown top, and swellings 
around the ring spots on the fruit. Neither of these symptoms are observed in plants infected with PRSV. PLDMV disease was first identified 
in Okinawa island in 1954io>. During the 1960s it spread to the adjacent Miyako and Yaeyama islands, but it has not yet been detected on 
nearby Minami-Daito or Kita-Daito islandio). In 1993, collaborative studies between scientists in Taiwan and Japan confirmed that these 2 
virus diseases occurred in both Okinawa and Taiwan, i.e. PLDMV also occurs in Taiwan, and PRSV in Okinawai6). However, the symptoms 
of PLDMV had not been observed in Taiwan until the mid-1980s. 

2) Control of papaya virus diseases 

More than 60 species of aphids are considered to be able to transmit PRSV. Both PRSV and PLDMV are mainly transmitted by Aphis 
gossypii and Myzus persicae in a non-persistent manner. They are the "transit visitors or itinerant vectors" of papaya plants and do not 
colonize papaya (Table 2) . These virus diseases are currently spreading throughout the Asian tropics and Pacific islands. 

Table 2. Characteristics of papaya ring spot virus (prsv), banana bunchy top virus (bbtv), and citrus greening diseases 



PRSV 

Host plant 

Papaya 

Country of origin 

South America 

Resistance gene/cultivar 

No 

Cropping system 

Annual/Perennial 

Disease-free planting material 

Seeding 


BBTV Greening 

Banana Citrus 

S. E. Asia Asia 

No No 

Annual/Perennial Perennial 

Tissue culture of meristem Shoot-tip grafting 


Pathogen 

Culture of inoculum 
Indexing techniques 
Transmission type 
Cross-protection 
Chemical therapy 


Possible 

ELISA 

Semi-persistent 
Not dependable 
No 


Possible 

ELISA 

Semi-persistent 
Not dependable 
No 


Fastidious bacteria 

Impossible 

DNA probe 

Persistent 

Not available 

Antibiotics 


Vector 

Colonization of host plants 
Biological control 


Polyphagous aphids No, transit visitors Banana aphid 
as winged forms Yes, attended by ants 

Difficult in open fields 

Failed 

(interference by ants) 


Citrus psyllid 
Yes 

Not successful 
(hyperparasitism) 


Chemical control 


Difficult to control disease vectors with a low control threshold 


A great variety of control methods has been used in order to protect young seedlings from the aphid vectors. These include the selection of 
planting time to avoid the peak incidence of winged aphids, intercropping with barrier crops such as com, the use of silver mulch to prevent 
winged aphids from visiting young seedlings, and covering the plants with netting. 

A basic part of any control program is to promote the eradication of infected plants in order to eliminate the source of vims. The cultivation of 
cucurbits, which are important hosts for PRSV and PLDMV should be avoided in the vicinity of papaya plantations. Once PRSV and PLDMV 
diseases occurred in a papaya orchard, they spread very rapidly within the orchard by winged aphids, usually in February and March in 
Taiwan i4), and December to April in Okinawaio). Roguing infected plants away from the orchard is effective to reduce the rate of infection. 

Since there is no PRSV resistance gene, the breeding of tolerant cultivars such as Taichung No. 5 has been attempted. These varieties, 
however, have not been widely accepted by consumers because of their poor eating quality. 
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Difficulty encountered in controlling non-persistent aphid-borne virus like PRSV is due to the fact that many of the available pesticides do not 
kill incoming vectors before they transmit the virus to the crop. 

Cross-protection with attenuated virus strains was widely practiced in Taiwan. Since this protection is strain-specific, it often breaks down 
within half a year and losses its effectiveness. The high level of mutability of PRSV might be another reason for the loss of cross-protectionuj. 


3) Losses 

Concerning the losses due to PRSV, the occurrence of the disease was compared between papaya orchards in Fengshan, Taiwan for which 
netting was used and those left uncovered. Netting was so effective in preventing PRSV transmission that the production was 10 times higher 
compared with that of the uncovered trees 1 5). In Taiwan, papaya is planted each year as if it were an annual crop. Therefore, protecting young 
papaya plants from vector aphids by netting is effective in producing marketable fruits, because late infection, which occurs when the net is 
removed after fruiting, causes little damage to the yield. The economic gains, however, have to be evaluated taking into account the cost of 
building the structure, labor-consuming operation for pollination and the risk of damage caused by typhoons. Another added cost is the annual 
planting of papaya, which used to be a perennial crop grown for 3-4 years before 1975, when the incidence of PRSV was first observed in 
Taiwan. 


The areas where papaya is free from these virus disease should be protected by restricting the importation of infected plants. These viruses, 
however, are not vertically transmitted through seeds. Since the seeds of papaya are free from virus, they can be used in plant nurseries 
without risk of infection. 


a 

a 
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Table 1- Distribution of virus^like} diseases of 

fruit trees 

in the Asia and Pacific region 

Country / locality 

Papaya 


Banana 

Citrus 

PRSV PLDMV 

BBTV 

CJvjv 

GO 

CTV 

Fiji 

- 


O 

0 

O 

O 

Guam 

0 

— 

— 

— 

NE 

NE 

Indonesia / Java 

— 

— 

O 

NE 

O 

O 

Japan / Okinawa 

0 

o 

O 

O 

0 

O 

Korea / Cheju 

— 

— 

— 

— 

— 

O 

Mainland China f South 

0 

— 

0 

NE 

0 

G 

Malaysia / West 

0 


0 

O 

O 

O 

Malaysia / Sabah 

— 

— 

0 

NE 

0 

ME 

Malaysia / Sarawak 

— 

— 

0 

NE 

0 

NE 

New Caledonia 

— 

— 

— 

NE 

— 

— 

Palau 

— 

— 

— 

— 

0 

— 

Philippines / Lu*on 

0 

— 

0 

NE 

o 

O 

Philippines i Cebu 

— 


0 

NE 

0 

0 

Philippines / Mindanao 

— 

— 

Q 

O 

Q 

0 

Pohrtpei 

— 

— 

— 

NE 

— 

— 

Saipan 

0 

o 

— 

— 

— 

— 

Taiwan 

o 

o 

0 

O 

0 

o 

Thailand i Norih 

— 

— 

0 

0 

0 

o 

Thailand / Central 

0 

— 

0 

G 

O 

o 

Tonga 

— 

— 

0 

O 

0 

o 

Vietnam 

o 

— 

0 

O 

o 

o 

Western Samoa 

- 

- 

0 

O 

o 

0 

GO: Greening, ■—3 Absence, 0: Presence. 0: 

: Strain attacking pomelo. NEt Not examined. 


MLack 
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1 ~23); R e ferences 


Banana bunchy top virus (BBTV) disease 

1) Ubiquitous potential infection with mild strains 

BBTV is transmitted semi-persistently by a single vector, the banana aphid, Pentalonia nigronervosa 
(Table 2) . Sometimes the damage caused by BBTV disease is overlooked due to the apparent losses due 
to Fusarium wilt and Sigatoka disease, and banana plants are considered to be free from BBTV. 

However, the FFTC surveys demonstrated that BBTV has a wider distribution than had previously been 
assumed. BBTV is widespread in tropical and subtropical Asia (Table 1) . It was first reported in Fiji in 
1889 and Taiwan in 1900 19) - It was a l so reported in Okinawa, Japan by Nohara in 1968 and was 
serologically confirmed by the FFTC survey team in 1992ii). In almost all of the countries except for the 
islands located in Micronesia, banana plants were found to be infected with BBTV. The existence of 
BBTV was newly confirmed by ELISA tests in Indonesia (1989), Thailand (1991), West Malaysia 
(1991), South China (1992), Okinawa (1992), Vietnam (1992), East Malaysia (1993), Mindanao, the 
Philippines (1993), Fiji (1994), Tonga (1994) and Western Samoa (1994). On the other hand, we have 
not found BBTV in Micronesian islands including Saipan/Northem Marianas, Guam, Belau/Palau, and 
Pohnpei. 

Why has BBTV remained undetected for so long in so many countries? There are 2 main reasons for this. 
First, no serological tests had ever been attempted, because of the lack of suitable techniques and 
equipment for indexing. Secondly, BBTV occurring in Malaysia and Thailand produces either mild 
symptoms or no symptoms in banana plants. An overall abnormality such as dwarf growth habit caused 
by infection with the virus has often been mistaken for a normal characteristic of the cultivar or for a 
nutritional disorder due to deficiency of nutrients. 

Although a certain level of cross-protection with naturally occurring mild strains takes place 
inadvertently, this latent infection with BBTV is probably causing significant losses in terms of both 
banana yield and general fruit quality. 

A field survey using ELISA tests for banana plants which was conducted in several locations in southern 
Taiwan revealed that mixed infection with BBTV and cucumber mosaic virus (CMV) was observed at a 
rate as high as 70% in symptomless plantS23). Asynchronized maturation of fingers in a bunch of bananas 
grown for export seems to be caused by a mixed latent infection of the viruses. Almost the same situation 
was also observed in the South Pacific islands including Fiji, Western Samoa and Tonga, in that only 
one-fifth of the banana samples was free from both virus diseases. Imada et al.8), based on ELISA tests, 
showed that both BBTV and CMV are widely distributed in Thailand and samples with double infection 
accounted for more than 10% of the total. 

2) Control of BBTV 

To control BBTV disease, a system of virus-free seedling production is highly recommended (Table 2) . 
The occurrence of BBTV was the lowest in plants produced by tissue culture at 0.2% followed in 
increasing order by plants grown from suckers and ratoons (Su et al. unpublished). 

No plant resistance to BBTV has been identified, which limits conventional breeding approaches to this 
problems)). In fact, propagation of virus-free seedlings by tissue culture is commonly attempted in almost 
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all the banana-growing countries. In some cases, however, all of the seedlings assumed to be virus-free 
were found by ELISA tests to be infected with BBTV. Supplying virus-free plantlets grown by tissue 
culture to growers for planting is the best measure currently available for control. 

Various methods of protection of seedlings from infection in the field should then be applied, including 
cross-protection, though this technique has not been effective against BBTV. In order to promote the 
control of the banana aphid by naturally occurring biological control agents, farmers should be instructed 
to use in their banana plantations selective insecticides, which are less toxic to natural enemies of banana 
aphids. 

Biological control of P. nigronervosa is being attempted in Tonga introducing a braconid, Aphidius 
colemani, native to Australia. Through the reduction of the total population of aphids, a reduction in the 
number of alate aphids moving between plants may occur, resulting in a decrease of the rate of spread of 
the BBTV 21 , 22 ). Although the presence of A. colemani on Tongatapu island was confirmed when it was 
recovered from Aphis gossipii on taro, no evidence of parasitism has been obtained from P. 
nigronervosa. The intensive attendance of P. nigronervosa colonies by ants may have significantly 
reduced the opportunity for this parasitoid to attack P. nigronervosa in Tonga 22 ). 

Citrus greening disease and citrus tristeza virus (CTV) disease 

1) Citrus groves are being devastated by the greening disease in the tropics 

Citrus is most widely grown next to grape in the world. Citrus originated in southern China, India and 
Indochina peninsula. However, countries in Southeastern Asia are not included in the major citrus 
production countries, due to the epidemics of the greening disease in this area. Indonesia has experienced 
complete destruction of its citrus industry due to greening in northern Bali. The citrus-growing area of 
12,000 ha in the early 1950s decreased to 4,000 ha in 1988 due to the disease in Thailand. In the 
Philippines, the area planted to mandarins and sweet oranges covered 25,000 ha in 1961-1962. By 1965 
the area had been reduced to 17,300 ha and by 1974 to only 8,300 ha mainly due the greening diseaseus). 

Except for some islands located in Micronesia and New Caledonia, all of the countries and areas were 
found to be affected by this disease. The incidence of CTV was also commonly observed in all of the 
countries except for the islands in Micronesia, i.e. Saipan, Pohnpei and Palau. Development of the citrus 
industry in tropical and subtropical Asia, therefore, largely depends on the extent to which the control of 
greening disease is successful. 

The causal agent of the greening disease is a fastidious bacterium, which is transmitted persistently by 
the Asian citms psyllid, Diaphorina citri, while CTV is vectored non-persistently by aphids, mainly 
Toxoptera citricidus and Aphis gossypiin). 

2) Development of strains attacking pomelo 

An important finding from the surveys was that pomelo, which was considered to be resistant to both 
greening and CTV diseases, has become susceptible recently in some areas. Greening was first noticed in 
the beginning of the 1950s in Taiwan by A. Sasaki5,20), but the incidence of this disease in Mainland 
China can be traced back to 1919 in northeastern Guangdongi 2 ). Although pomelo began to be affected 
by greening disease in the beginning of the 1970s in Taiwan, in other countries it was yet free from this 
disease until the 1990s. Currently, greening disease is affecting pomelo in southern China and the 
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Philippines, while pomelo grown in Vietnam and Thailand still seems to be free from this disease. It has 
been reported, however, that the infection of pomelo with symptoms of greening in Thailand was 
observed in a pomelo orchard in Chiang-Rai in 1994 (Bauman, personal communication, Koizumi, 
personal communication). 

Surveys conducted in 1994 in some islands in the North Pacific revealed that greening did not occur in 
Saipan/North Marianas and Pohnpei, but that a pomelo-infective strain of greening was found in 
Palau/Belau which is located close to Mindanao, the Philippines. The islands in the South Pacific were 
considered to be free from greening, because of the absence f the vector insects. The survey teams, 
however, observed citrus trees with greening disease in Fiji, Western Samoa and Tonga. Since fruit trees 
normally reproduce vegetatively by grafting and layering, it is likely that all the scions and nursery 
stocks derived from an infected mother plant, which was introduced outside of the island, are 
congenitally infected with the greening pathogen. 

In Japan, greening was first discovered by electron microscopy in Iriomote island, Yaeyama islands, 
Okinawa Prefecture by Dr. Miyagawa in 1989 when he was working for the FFTC Special Project. Since 
the incidence was limited to this particular island, an eradication program was successfully carried out. 
The FFTC organized a second survey to follow-up the status of greening in Okinawa in 1993. The survey 
team again found citrus trees affected by greening in this island. The causal agent was confirmed by 
DNA probes for greening prepared by Su and his colleagues at the National Taiwan University. In 1994, 
it was also detected in Okinawa island, suggesting that the distribution had expanded.Greening was 
found to be due to the strain which affects pomelo. Further inspection and eradication of the greening 
pathogen are recommended in order to prevent the spread of this disease to the other southern islands of 
Japan where the vector psyllids are common insects. 

3) Control of greening disease and CTV 

Greening is responsible for economic losses of entire citrus orchards within 5 or 6 years following an 
initial spread of epidemics 2 ). Eradication is an essential measure. Trees already affected by greening 
disease should be cut down and destroyed to ensure that they do not act as sources of inoculum. 

So far, no plant resistance has been identified. Treatment with tetracycline reduces the population of 
bacteria, but symptoms usually reappear after 1 to 2 years. Heavy pruning and top-working of diseased 
trees and cutting off of infected branches for corrective control are often only useful for the elimination 
of potential inoculum of the greening. 

Providing farmers with disease-free planting stock at a reasonable price is at the basis of any program to 
control virus disease in perennial crops. In Taiwan, since 1985, citrus planting stock, which is free from 
virus and greening, has been produced either by shoot-tip grafting with heat therapy or by nucellar line 
selection. There is also a budwood certification program, which ensures that the young seedlings 
distributed to farmers are free from diseases. 

The feeding site of D. citri is confined to the flush or fresh shoots triggered mainly by rainfall in wet 
areas and irrigation in dry areas. Chemical control is applied at 10- to 20-day intervals in order to control 
psyllids which act as vectors during the sprouting period. Pesticides are commonly applied 36-48 times a 
year by Indonesian farmersi7). Spray or trunk injection of systemic insecticides, such as dimethoate and 
monocrotophos, has been suggested without any adverse effect on the fauna of natural enemies in the 
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citrus grovei8). The use of IGRs (insect growth regulators) could be suggested for this purpose. 

An ornamental plant often used as a hedge in Taiwan, jasmine orange, Murrayapaniculata, does not 
harbor the pathogen of greening but is a favorite host plant of the psyllids. For this reason, jasmine 
orange should not be planted near citrus orchards. Biological control of the psyllids is carried out in 
Taiwan using an eulophid parasitoid, Tamarixia radiata, which was introduced from Reunion Island 
during the period 1984-1988. This parasitoid in association with an indigenous parasitoid, 
Diaphorencyrtus diaphorinae, is considered to contribute to the suppression of D. citri, particularly in 
jasmine orange3). 


When citrus orchards are to be established, the site of new orchards should be far enough from the old 
orchards to avoid or retard the infestation with psyllids. Shifting of planting areas from warm lowlands to 
cool highlands is also practiced to avoid the attack of psyllids in Taiwan. The CTV is spread by aphid 
vectors mainly by Toxoptera citricidus and to a lesser extent by T. aurantii and Aphis gossypii in a 
semi-persistent manners) and by propagation with infected buds. The control strategy of CTV disease is 
similar to that of other insect-borne virus diseases. The use of attenuated CTV for cross-protection has 
been applied for navel orange, Citrus sinensis, in Japan6). The CTV is not readily transmitted between 
trees even in the presence of a fairly large number of vector aphids in a grove4,7). In fact, greening 
spreads more rapidly than CTV in newly planted orchards in Taiwan. 


Sc ontinue to:[Conclusion] 
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Conclusion 


Systems for the integrated control of virus diseases of fruit trees have 3 basic objectives: (1) the development of a production system for virus-free 
seedlings, (2) the protection of seedlings from the attack of viruliferous vectors, and (3) the elimination of virus sources. Various techniques are 
currently available for achieving these objectives and are applied in a number of countries in this region, partly as a result of the work of the FFTC 
survey team (Tables 2 and 3) . 

Table 3. Difference in IPM strategy in relation to the occurrence of insect-borne diseases 


Quarantine 

Disease-free planting martial 
Cropping system 

Protection measures from infection 
Objective 


Area without diseases 


Area with diseases 


Less important 

Should be developed by mass production system 
Annual planting or with the shortest vegetative 
growth 

Young plants must be protected from vectors 3 ) 
Good yield with healthy fruits for the first cycle of 
fruiting 


Important to restrict the importation of infected plants 
Not necessary 


Control only when vectors may cause direct damage 
Sustainable yield with high/standard quality of fruits for a 
number of years 


Perennial 


a): Because the earlier the infection with diseases, the heavier the damage. 

A very important problem identified by the members of the survey is the widespread incidence of fruit trees which showed multiple infections with 
different viruses or diseases. Many banana plants were infected with BBTV and CTV, while papaya was often simultaneously infected with PRSV 
and papaya mosaic virus (PMV), or with PRSV and PLDMV, and citrus with greening disease and CTV. 

Simultaneous multiple infections of this kind often give rise to more severe symptoms than single infection. Presently, control is limited to the use of 
the integrated system mentioned above to prevent plants from being simultaneously affected by multiple virus diseases. 

It was considered that the lack of techniques and expertise for precise indexing of the diseases for plant quarantine and production of disease-free 
planting materials were one of the major constraints on the implementation of IPM strategy for the insect-borne virus and virus-like diseases of fruit 
trees. 


An IPM strategy has been suggested for the control of insect-borne diseases of tropical fruit trees as follows: (1) Distribution of disease-free planting 
material to growers. (2) Control of vectors; Planting time, use of barrier crops, silver mulch, netting, insecticides and biological control. (3) Shift of 
cropping system from perennial to annual crops. (4) Eradication of virus sources. Roguing and avoidance of cultivation of potential host plants close 
to orchards, e.g. cucurbits for PRSV and jasmine orange for greening. (5) Cross-protection techniques are not dependable or not available. The use of 
tolerant cultivars or antibiotics may often result in an increase of inoculum sources. 


In conclusion, the difference in the IPM strategy between areas with and without disease is shown in Table 3 . It should also be emphasized that some 
islands in the Pacific are now free from these devastating diseases, suggesting the importance of quarantine in preventing these diseases from 
invading the disease-free areas. 
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Abstract 

Long mat with hydroponically grown rice seedlings (hereafter referred to as LMHS) with a mat size of 6 
m in length and 28 cm in width, was designed to develop a labor-saving rice transplanting system. The 
rice seedlings were grown in a newly developed nursery device for about 2 weeks and the plant length 
reached 10 to 15 cm. The seedling mat was composed of entangled plant roots and nonwoven cloth and it 
was strong enough to be handled. LMHS were transformed into roll type seedlings by rolling up. The 
weight of a mat with roll type seedlings was about 12 kg and approximately 1/5 of that of a conventional 
mat with young seedlings raised in a soil bed (hereafter referred to as CMSS). A rice transplanter was 
designed and tested to transplant the roll type seedlings in paddy fields. The rate of damaged seedlings 
immediately after transplanting was 30 to 50%. However, the minimum rate of missing hills after rooting 
was 3%, when the number of plants per hill ranged from 7 to 8. Working rate of the transplanter was 
approximately 0.5 ha/h for a working speed of 1.13 m/s and a working width of 1.8 m. Rice yield in the 
case of LMHS was assumed to be equal to that of CMSS. 

Discipline: Agricultural machinery 
Additional key words: nonwoven cloth 
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Introduction 

In Japan, the percentage of transplanting in rice production exceeds 99%. Most popular seedlings used 
for rice transplanting are referred to as mat type seedlings and they are grown on soil in a seedling box 
(58 cm long, 28 cm wide and 3 cm deep). The carriage of the seedling boxes is laborious and is 
associated with major problems for the following reasons: (1) the weight of one seedling box is 
approximately 6 kg, (2) 2,000 seedling boxes are necessary for paddy fields with an area of 10 ha, and 
(3) during the period from seeding to transplanting, the seedling boxes must be carried from the seeder to 
the nursery chamber, greenhouse, truck and rice transplanter. 

The objective of this study was to reduce the weight and the carriage frequency of the seedling boxes. 
Specific objectives were: (1) to raise rice seedlings with long mat (6 m long) by hydroponics in a nursery 
device, (2) to roll up the seedlings to a small size, and (3) to develop a rice transplanter to transplant the 
seedlings in paddy fields. 
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Materials and methods 

1) Outline of nursery device 

The nursery device developed to raise LMHS is illustrated in Fig. 1 . The nursery device which consists 
of a nursery bed, a liquid fertilizer tank and a liquid fertilizer pump was fixed on the ground in a vinyl 
house. The nursery bed fixed horizontally on the ground comprised 4 nursery trays. A nursery tray (6.5 m 
long, 28 cm wide and 6 cm deep) made of stainless steel was developed. The height of the nursery tray 
from the ground surface was set at 60 cm to work without bending the waist. Liquid fertilizer circulates 
in the tank and on the tray of the nursery device through a pump. 

Fig. 1:Hydroponic nursery device(25KB) 

2) Seeding method 

A nonwoven cloth was spread on the dry nursery tray and fixed at both ends on the tray with 2 plates like 
a comb. Liquid fertilizer was circulated in the nursery device and then germinated rice seeds were 
scattered on the tray with a self-propelled seeder as shown in Fig. 2 . Mass of the seeds ranged from 100 
to 250 g per unit area corresponding to the size of a conventional seedling box (28x58 cm). The 
nonwoven cloth was made of cotton and it was used to obtain a seedling mat sufficiently strong to be 
rolled up and transplanted. 

Fig. 2. Nursery device and self-propelled seeder(30KB) 

3) Supply of fertilizer and air temperature in the vinyl house 

Water without fertilizer was circulated in the nursery device for several days after seeding. Fertilizer 
commercially available for hydroponically grown vegetables, Otsuka No. 1 and No. 2, was dissolved in 
the water in the liquid fertilizer tank on the 5th day after seeding. Electric conductivity (EC) of the liquid 
fertilizer was adjusted to reach values ranging from 1.3 to 1.4 mS/cm every day. 

Water temperature in the nursery device was adjusted to be compatible with the raising of the seedlings 
by controlling the air temperature in the vinyl house with heaters or ventilators. 

4) Rolling up of seedlings 

Tests of rolling up of LMHS on the 6 m long mat were conducted for transfer to the paddy fields and 
loading on a rice transplanter. 

5) Development of a rice transplanter for LMHS 

A riding type rice transplanter currently manufactured was remodeled to transplant the roll type seedlings 
in paddy fields. The basic performance of the rice transplanter was as follows: working width of 1.8 m 
(6-row planter with 30 cm row spacing) and maximum working speed of 1.4 m/s. 

6) Experimental methods 

Experiments for raising the seedlings were conducted to investigate the relationship between plant 
length, root length and number of roots of the seedlings and temperature. Varieties of rice used were 
Koshihikari, Kinuhikari, Akitakomachi and Himenomochi. In this test, air temperature, water 
temperature, EC and pH of liquid fertilizer were measured in addition to the examination of the plant 
conditions. 

Field experiments were conducted to determine the working accuracy and working rate of the 
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transplanter in paddy fields. In the experiments, more attention was directed to determine the rate of 
damaged seedlings and missing hills after transplanting and rooting. Field tests were also performed to 
evaluate the rice yield in the case of the LMHS from 1996 to 1997 in 3 prefectures, i.e. Ibaraki, Saitama 
and Iwate. 
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Results and discussion 

1) Raising of seedlings 

Rice seeds and seedlings on the nursery tray immediately after seeding and 2 weeks after seeding are 
illustrated in Fig. 3 . Roots of the seedlings became entangled after penetrating into the nonwoven cloth 
on the nursery tray. The mat composed of the entangled plant roots and the nonwoven cloth was strong 
enough to be handled. Appearance of the seedlings on the tray on the 10th day after seeding is illustrated 
in Fig. 4. 

Fig.3: Cross-section of seeds and seeding on the nursery tray(51KB) 

Fig.4: Appearance of the seedlings on the tray at 10 days after seeding(25KB) 

2) Relationship between plant length, root length and number of roots of the seedlings and 
temperature 

The relationship between accumulated lowest water temperature and the plant length is depicted in Fig. 5 
and then the relationships between accumulated lowest water temperature and the maximum root length 
or number of roots are depicted in Fig. 6 . These data were obtained when the highest water temperatures 
ranged from 30 to 34 °C. The plant length as well as the maximum root length reached values of 10 to 12 
cm at the accumulated lowest water temperature of 200oC. The number of roots increased from 5 to 7 at 
the accumulated lowest water temperature of 160oC. 

Fig.5:Relation between accumulated lowest water temperature and plant length(47KB) 

Fig.6:Relation between accumulated lowest water temperature and maximum root length or number 

of roots(47KB) 

3) Roll type seedlings 

Method of rolling up the LMHS on the 6 m long mat was eventually developed. Method of rolling up the 
seedlings was as follows: (1) pushing down the seedlings with a cylinder of approximately 15 kg, (2) 
putting a steel plate of 60 cm long, and 27.5 cm wide and a mass of 3 kg on the seedlings, (3) rolling up 
the seedlings on the circumference of a pipe with a diameter of 15 cm and (4) wrapping the seedlings in a 
cloth. These operations are illustrated in Fig. 7 and the mats with roll type seedlings are shown in Fig. 8. 
Diameter and weight of the mats with roll type seedlings ranged from 40 to 45 cm and 12 kg per 6 m, 
respectively. Comparison between the seedlings subjected to the new and conventional methods for the 
same length of the mat showed that the mass of the roll type seedlings was approximately 1/5 of that of 
the CMSS. 

Fig.7:Method of rolling up of the lmhs(38KB) 

FigA: Roll type seedlings(33KB) 

The number of seedling boxes for the CMSS shown in Fig. 9 was approximately 60 and the 6 mats with 
roll type seedlings shown in Fig. 8 corresponded to the seedling boxes shown in Fig. 9. Based on the data 
described above, the use of the mats with roll type seedlings enabled to reduce the weight and carriage 
frequency of seedling boxes. 

Fig. 9. Conventional mat type seedlings(34KB) 
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4) Development of a rice transplanter for LMHS 

A 6-row riding type rice transplanter currently manufactured was remodeled to transplant the roll type 
seedlings in paddy fields as shown in Fig. 10. Some equipment was developed to attach the roll type 
seedlings to 6 seedling platforms of the transplanter. Ability of feeding belts of seedlings increased for 
reliable and steady feeding by the use of a driving roller in addition to the top and bottom rollers. Two 
seedling racks were fixed to carry 8 extra mats with roll type seedlings on both sides of the operator's 
seat. The capacity of the hopper of fertilizer was twice as high and enabled to reduce the frequency of 
supply of fertilizer to the transplanter. 

Fig.lO:Rice transplanted for roll type seedlings(27KB) 

5) Working accuracy of the rice transplanter 

In the field experiments conducted in 1996 to 1997, the working accuracy of the rice transplanter resulted 
in a 30 to 50% rate of damaged seedlings immediately after transplanting and the minimum rate of 
missing hills after rooting was 3% when the number of plants per hill was 7 to 8. Working speed did not 
affect significantly the working accuracy. 

The rate of damaged seedlings was not related to the working speed of the transplanter but was related to 
the strength of the seedling mat depending on the mass of seeds per unit area, days of raising of seedlings 
and variety of rice. In particular, the strength of the seedling mat depended on the mass of seeds per unit 
area: the larger the latter, the stronger the former. As a result, the rate of damaged seedlings increased. 
However, a seed mass less than 150 g per unit area (28x58 cm) led to a reduction of the volume of the 
seedling mat, resulting in the increase of the rate of missing hills. Therefore, optimum mass of seeds was 
considered to be 180 to 200 g per unit area. 

6) Working rate of the rice transplanter 

Working rate of the transplanter with one operator was approximately 0.5 ha/h for a working speed of 
1.13 m/s. It took 12 min to supply 6 mats with roll type seedlings to the transplanter. 

Although one operator and one helper are required, working rate of a transplanter with the same size 
under the same conditions when a conventional seedling box was used was nearly 0.3 ha/h. Supply of 
conventional seedlings to a transplanter requires a helper in addition to the operator and reduces the 
working rate. Therefore, the use of the transplanter for the roll type seedlings resulted in a considerable 
saving of labor. 

7) Yield of LMHS 

Rice yield in the case of the LMHS and the CMSS in 1996 to 1997 is shown in Fig. 11. Rice yield in the 
2 kinds of rice seedlings varied with the years and the locations but did not show a particular tendency . 
As a result, rice yield in the case of LMHS was assumed to be equal to that of CMSS, although more 
detailed comparison will be needed in future. 

Fig.ll:Rice yield in the case of LMHS(36KB) 
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Conclusion 

Studies were conducted to develop a long mat with hydroponically grown rice seedlings(LMHS). The 
rice seedlings were grown in a newly developed nursery device for about 2 weeks, and the plant length 
reached 10 to 15 cm. The seedling mat composed of entangled plant roots and nonwoven cloth was 6 m 
long and 28 cm wide. The seedling mat was strong enough to be handled by using a nonwoven cloth. 

Roll type seedlings were obtained by rolling up the LMHS. The weight of the mat with roll type 
seedlings was about 12 kg per 6 m and approximately 1/5 of that of a conventional mat with seedlings 
raised in a soil bed (CMSS). 

A rice transplanter was remodeled to transplant the roll type seedlings in paddy fields. Working accuracy 
of the transplanter was as follows. Damaged seedling rate immediately after transplanting ranged from 
30 to 50% and the minimum rate of missing hills after rooting was 3% when the number of plants per hill 
was 7 to 8. Working rate of the transplanter was approximately 0.5 ha/h for a working speed of 1.13 m/s 
and a working width of 1.8 m. 

Rice yield in the case of the LMHS was assumed to be equal to that of CMSS, although more detailed 
comparison will be needed in future. 
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Fig 

Fig.3. 

Cross-section of seeds and seedlings on the nursery tray 



(a) Rice seeds on the nursery lray immediately after seeding 



(b) Rice seedlings and root mat 2 weeks after seeding 
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Fig.5. Relation between accumulated lowest water temperature and plant length 
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Fig.6. Relation between accumulated lowest water temperature and maximum root length or number of 
roots 
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Fig.7. Method of rolling up the LMHS 



(l)Pushing down the seedlings with a cylinder 



<2)Putling a steel plate on the seedlings 



(S')Rolling up the seedlings on the circumference of a pipe 



(4)Wrapping the roll type seedlings in a cloth 
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Abstract 

A new steering control method for wheel systems of agricultural machinery to enhance the follow-up 
performance with a tractor was developed to improve the operability of semi-trailed agricultural 
machinery. The basic concept of this control method is the alignment of the turning radius of the tractor 
and machine for a constant turn, and a formula was derived for expressing this geometrical relationship. 
Based on this formula, a control method was developed which uses the steering angle of the wheel 
system of an agricultural machine as a variable for the steering angle of the tractor's front wheels and the 
angle of traction. Thereafter, this control method was applied to the in-line type prototype test trailer and 
a commercially available roll baler and running tests were conducted. The results showed a significant 
improvement in the follow-up performance of the trailer and roll baler attached to the tractor. However, 
since the need to measure the steering angle of the tractor's front wheels is difficult for practical 
application, the steering angle of the tractor's front wheels was estimated and the estimated values were 
used for the control for application to the commercially available roll baler. The results of this test 
showed that the same level of follow-up performance could be achieved as when the steering angle 
measured for the tractor's front wheels was used and that applications were possible. It was also 
confirmed that by the addition of a compensation coefficient for a slope to the estimated figures, a high 
follow-up performance could be achieved even on sloped grassland. 

Discipline: Agricultural machinery 

Additional key words: semi-trailer, steering control method, roll baler 
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1—4): Reference s 

Introduction 

Semi-trailed agricultural machinery is widely used for forage harvesting and transport. This system is 
selected because part of the agricultural machine mass can be supported by the wheel system of the 
machine. As a result, large mass machines can be easily handled and attachment to a tractor is relatively 
simple. However, the follow-up performance of this type of machine with the tractor is inadequate as 
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seen in the off-tracking when turning and improvements in operability and maneuverability are 
necessary. 

In recent years, mechanisms for steering the wheel systems of agricultural machines in accordance with 
the angle of traction (refraction angle at the hitch point) have become commercially available to improve 
the operability of manure spreaders and sugar beet harvesters. The so-called link method enables to 
obtain uniform tracks of the tractor and the machine for a constant turn. However, for driving states in 
which the turning radius changes constantly, such as zigzag driving or a 90otum (referred to as the 
non-constant turning state), no significant improvement is expected in the follow-up performance 
because the control is passive. Since ordinary agricultural machines often perform this type of 
non-constant turning, it is necessary to solve this ploblem in order to improve the operability of 
semi-trailed agricultural machinery. 

Under these circumstances, examination of an active steering control method (referred to as active 
precision control method) for a single axle, 2-wheel agricultural machine using the actual steering angle 
of the tractor's front wheels in addition to the angle of traction was initiated to develop a method for 
high-precision follow-up by semi-trailed agricultural machinery of a tractor's driving track even in a 
non-constant driving state. In this report the method for deducing the basic equality to control the system 
and the results of driving tests for a test trailer, used as a model of agricultural machine are presented. A 
commercially available roll baler to which this control method was applied for a driving system with the 
agricultural machine attached in the straight rear of the tractor (referred to as the in-line format) is 
described. 

Deducing the basic equality to control the systeim) 

1) Turn under constant radius circle 

The conditions of the tractor and agricultural machine state when the machine is steered so that the 
constant turning radius is aligned are shown in Fig. 1 as the 2-wheel model. The A and B points in Fig. 1 
are arbitrary points on the central line of the tractor and machine and the system is designed to make the 
tracks of these 2 points uniform for a constant radius circle. 

Fig.l: Concept of development of steering method(22KB) 

The following equation is derived when a perpendicular line is drawn from the central point T of the 
machine wheels to OP and a triangular shape is formed by point T, point P and the perpendicular line. 

+■ 

tan( * +fl,= R,-Asin* . 

In this equation, M is the angle of traction, 4 is the steering angle of the machine wheels, h is the distance 
from the center of the tractor's rear wheels to the hitch point, h is the distance from the hitch point to the 
machine wheels and Rr is the turning radius. 

When tan(A}+J = (tarUE+tanJ/i 1 -tan/EtanJ is used to rearrange this equation, the following equation is 
derived. 
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Rr (cos$tan0 + sintf) = t\ + fMcos^ - sin lanfl) 

....( 2 ) 

Also, since points A and B are located on the perimeter of the same circle with the radius (Rr2 +/ a 2)l/2, 
when the distance from point A to the tractor's rear wheels is defined as /a, the following equation is 
derived. 

- 2 fb (fiico$4>-Rising).(3) 

When Rr is eliminated using equations (2) and (3), the equation showing the relationship which provides 
the alignment of the tracks of points A and B for a constant radius circle is derived. 


Furthermore, when the equation is simplified using the approximations of simE"”'Ai and cos i 1, the 
following is derived. 

+ 2fb (,) 4>/(-ia 2 + fb 1 

+ fh I + 2Wh) ..(5) 

In this equation, /is the wheel base of the tractor and is defined as 1= -Rr tan". Now, " is the steering angle 
of the tractor's front wheels. 

2) Non-constant turning state 

The plane movement of the tractor and agricultural machine is considered assuming the absence of side 
slip of the wheels. In Fig. 2 , when the line which connects the hitch point and the T point, in the center of 
the machine wheels, is the base, since the traveling speed of the tractor and the machine in the direction 
of this line is aligned, the following is derived. 

Fig.2: Model used for the tractor and trailed machine(18KB) 

V,cos(0™0) = Vcos(tf - 0 ) - (fr + fh) rsin0 

—..-.--( 6 ) 

Next, when the speed element which intersects the base line is considered and the drawing angle 
^representing the change of speed Tiis determined, the following is derived. 

* V, sin( 4> - &) - ( f r + f h) r cos<£ - Vsin - 0) 

♦ =- h -- r 

.....p) 

In this equation, Vt is the traveling speed of the agricultural machine, V is the tractor driving speed, r is 
the tractor yaw angular velocity, 2 is the side slip angle at the tractor's center of gravity position and lx is 
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the distance from the tractor's rear wheels to the center of gravity. 


2 and r in the absence of side slip of wheels are represented by tan 2 = /r tan "// and r =V tan "cos 2 //. Then 
the equation is rearranged by deriving Vt from equation (6) and substituting it in equation (7) and the 
following is derived. 

^ + ..( 8 ) 

Meanwhile, by substituting Rr= -//tan"in equation (2), further simplifying and determining the 
relationship between the target angle of traction/Eand the tractor front wheels' steering angle necessary 
for obtaining identical trajectories of points A and B, the following is derived. 

= l (A + fhJ z -fa 3 1 S/t fb 

At this point, in order to provide a control for aligning JE with/Et, a feedback technique is applied in 
which the/Echanging speed () is expressed by the following equation. 


The target steering angle 4 t of the agricultural machine necessary for achieving this feedback is indicated 
by the following equation. 

&i - (ft- k2)*/k2-(ttki + k3}6/k> ... (9) 

In this equation, _ 

Based on the equation, the target steering angle of the machine wheels for aligning the track in a 
non-constant turning condition is determined. The machine wheels should be controlled for steering to 
meet the target steering angle. 
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Fig.l. 

Concept of development of steering method 
Radii at point A and at point B are the same. 
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Test trailer overview and driving test 2,3) 

1) Test trailer overview 

Fig. 3 shows the test trailer prototype attached to the tractor. The sizes of the steering angle of the 
tractor's front wheels, the angle of traction and the steering angle of the trailer's wheels are measured by 
potentiometers installed at relevant positions. Based on the values of the angles determined by 
potentiometers, ON-OFF of the electromagnetic, hydraulic direction control valve is controlled via a 
relay and the hydraulic cylinder expands and becomes contacted to drive the trailer wheels. In the test, a 
control program was run which uses interruptions every 10 ms based on an interval timer built into the 
control computer in order to maintain a constant control interval. The cylinder used for steering the 
trailer wheels is a bilateral rod type cylinder with an internal diameter of 30 mm, a rod diameter of 16 
mm and a stroke of 250 mm. 

Fig.3:Test trailer and tractor(24KB) 

2) Driving test results using the test trailer 

In the driving test, drops of water are left on the surface at set points to draw the track and the tracks are 
compared to align the tracks of the tractor and trailer. Tests of a constant radius circle with the tractor 
side point set in the rear wheel center and the trailer side point set in the trailer wheel base center when 
the control was applied, were carried out. Based on the results obtained, while a track offset of 8.5 cm 
and 26 cm occurred for steering angles of 18 0 and 31o, respectively for the tractor's front wheels, there 
was almost no off-tracking when the control was applied. Fig. 4 shows a comparison with the calculated 
values for cases in which a constant radius circle is driven with different actual steering angles for the 
tractor's front wheels and measurements of the angle of traction and the steering angle of the trailer's 
wheels are taken. The link indicated in the figure corresponds to the case when the link method is used 
for control with the target steering angle based on equation (5) being determined and applied for actual 
control. The wavy line and alternate long and short dash line in the figure show the results of driving 
when the trailer side setting point position changed in the active precision control method and in both 
cases, the calculated values and the measured values agreed well. 

Fig.4: JE,J'characteristic diagrams(30KB) 

Next, Fig. 5 shows a comparison between the active precision method and absence of control and 
steering control by the link method for a turning track when a 90oangle turn is performed through an 
abrupt turn of the handle by the operator driving the tractor on a flat concrete street surface. The driving 
speed at this time is 0.38 m/s, the points at which the system attempts to align the track when the control 
is applied correspond to the center of the tractor's rear wheels for the tractor and the center of the 
machine wheels for the machine and a neutral zone of ±lois set for the angle of traction when control is 
applied. When there is no control, once the 90oturn begins, the trailer cuts to the inside and the track for 
the setting point goes way off course. Furthermore, the trailer track is not aligned with the tractor track 
even after reverting to a straight course. When the link method control is applied, the track is not as far 
off as without any control, but even though the control is set to align the tracks for a constant radius 
circle, in the first part of the circle, the trailer crosses outside of the tractor's track and for the latter half 
of the circle, it crosses inside of the tractor's track. In contrast, when the newly developed active 
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precision control method is used, while there is a slight amount of crossing on the inside by the trailer 
initially, the follow-up performance is excellent afterwards. The return to a proper track after the tractor 
reverts to a straight course is also quick. The reason why some crossover to the inside at the beginning of 
the turn is observed with the active precision control method is that since the tractor and the trailer are 
controlled to follow the same turning circle with the same turning point, when the tractor's front wheels 
are adjusted, the trailer's wheels are turned to be on the turning track which matches the angle of the 
tractor's adjustment although the trailer is still on the tractor's straight course track. 

Fig.5:Top view of trajectories in 90o turn(22KB) 

These results show that the introduction of the active precision control method significantly improves the 
follow-up performance of a semi-trailed agricultural machinery attached to a tractor. 

Application of control sytem to a middle-sized commercialized roll baler and 

tests4) 

Based on the results obtained with the test trailer and in order to study the suitability of the active 
precision control method, a middle-sized roll baler available in the market with a pick-up width of 1 m 
and a bale-forming chamber diameter of 90 cm was retooled for steering control and used in driving tests 
as well as field work. The tractor selected for these tests had an engine output of 22 kW, a wheel base (/) 
of 1.79 m, a distance from the rear wheels to the hitch point (/h) of 0.96 m, a distance from the baler hitch 
point to the wheels (/t) of 1.76 m and a distance from the hitch point to the center of the baler pick-up 
device (lb) of 0.995 m. Also, steering of the baler wheels was handled by a hydraulic cylinder and oil was 
supplied by a hydraulic unit (with an output of 2.4 L/min when the tractor PTO base rotation is 540 rpm) 
built in the baler. The points at which the control system attempted to align the track corresponded to the 
center of the rear wheels (k = 0) on the tractor side and to the center of the pick-up device on the baler 
side. 


In Fig. 6 , a comparison of the results is shown for the absence of control and a model of link method 
control for the track when a 90 o turn is performed at a speed of 1.65 m/s on a flat concrete surface. As in 
the case of the test trailer, the track alignment is off to the greatest extent for the absence of control and 
the amount of dislocation decreases in the link method and then in the active precision control method. 
Even when bales weighing nearly 140 kg are loaded in the bale-forming chamber and a 90otum is 
performed, the follow-up performance using the active precision control method shows almost no 
change. In field work as well, excellent follow-up performance is achieved. Furthermore, by applying a 
control process, since the risk of interference of the tractor with the baler is reduced even with larger 
angles of traction and a smaller turning radius, the turning performance is also enhanced in addition to 
the better follow-up performance. 

Fig. 6: Top view of trajectories in 90oturn(24KB) 


Sc ontinue to: [Improvement of the control method and effectl)1 and [Conclusion] 
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Fig.4. /Ey'characteristic diagrams 
Trailer wheel control system was applied 
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Fig.5. 

Top view of trajectories in 90° turn Traveling 
velocity is 0.38 m/s. 
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Top view of trajectories in 90° tum (in-line type roll 
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Improvement of the control method and effect!) 


Improvement of the control method and effectll 

The active precision control method as described thus far involves the measurement of the steering angle 
of the tractor's front wheels using a potentiometer and applying control based on the results of 
measurement. This method requires that sensors be attached to the tractor for measurement of the 
steering angle of the front wheels or the rotary angle of the handle, and this requirement is not suitable 
for practical use. Therefore, instead of a method which measures the steering angle, a method which uses 
estimates of the actual steering angle from the angle of traction and the angular velocity of the angle of 
traction was examined. 

In equation (8), the angular velocity of the angle of traction was determined from the angle of traction 
and the steering angle of the tractor's front wheels or the steering angle of the machine wheels. This 
equation (8) can be derived as follows. 

~k2<p-kiQ-k}& 

Note that k2 = V /h and k3 = V (/h + h) / lit. In this case,7E and 4 are determined and JE can be calculated 
as the change in * measured over time. Therefore, the actual steering angle of the tractor's front wheels 
necessary for control can be estimated by the following equation. 

6 = ^ +k2tfi + k20)/lo ...(10) 

When the relationship expressed in equation (10) is substituted in equation (9), it is assumed that the 
target steering angle corresponds to the measured steering angle ( 4 t = J and the equation is simplified. As 
shown in the following equation, it is possible to determine the target steering angle from the angle of 
traction and the angular velocity of the angle of tractiom. 

-fh 1 + 2ft»f. ft 

-tf + A’+fh' + Jfbf), * ‘ V 

x fj + 

afcitfc + ft ) 1 -** 1 ) 

Here, ± is the feedback gain, V is the actual driving speed and V' is the fixed speed value input in 
advance. 

This revised control method is referred to as the "new active precision control method" in contrast to the 
original "active precision control method", and Fig. 7 shows a comparison of this method applied to the 
previously described roll baler for a track resulting from zigzag driving over a flat concrete surface with 
the absence of control, link method control and active precision control. For this control application, the 
feedback gain is set at 0.84 and V' at 1.2 m/s with a driving speed of 1.7 m/s. Also, the angle of traction 
neutral zone for control is set at ± lo, and the driving speed is set by inputting a value which is compatible 
with the defined driving zone in order to simplify the control device. Without any control, the dislocation 
is 52 cm (maximum) and for the link control method, the maximum track dislocation is 23 cm with phase 
delay. By comparison, the active precision control method and the active precision control method based 
on the estimation of the steering angle gave a maximum dislocation value of 10 cm and 7 cm, 
respectively. It is thus obvious that the track follow-up performance can be achieved at the same levels as 
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with the active precision control method, and considering the lack of requirement for special work on the 
tractor itself, this method is highly suitable. 

Fig.7:Top view of trajectories in zig-zag running test(36KB) 

When work is being conducted on sloped grassland, since the agricultural machinery slips towards the 
valley side of the slope, the work performance deteriorates compared to flat land. To alleviate this 
shortcoming, a sensor which detects the slope angle is attached to the machine and if this angle is used as 
compensation to equation (11) for the application of steering control to the machine wheels, it is possible 
to achieve an excellent follow-up performance and work results even on sloped grasslands. Specifically, 
the following equation is used to determine the steering angle. 

0i - I- s <£ - [’25p -!■ la: . . ..(12) 

In this equation, Fi and F 2 are the coefficients of * and JE in equation (11), E is the slope angle and F 3 is 
the compensation coefficient based on the slope. 

When a driving test was conducted on an 80 slope using a roll baler (with a bale diameter of 100 cm) to 
which this slope compensation had been applied, the results showed that while a dislocation of about 7 
cm occurred in the absence of control or without slope compensation, there was practically no dislocation 
when slope compensation with F 3 fixed at 0.3 was applied. Also, when a zigzag traveling test was 
applied to the same land, while the track dislocation between the tractor and the baler was nearly 20 cm 
without any control, a maximum value of about 5 cm was maintained when the control was applied. 
These results emphasize the value of this technique for improving the follow-up performance of the 
machine on sloped land. 

Conclusion 

(1) For semi-trailed agricultural machinery, a method for controlling the steering of the machine wheels 
based on the angle of traction and the steering angle of the tractor's front wheels was developed in order 
to improve the follow-up performance with the tractor. 

(2) The basic approach for the control technique was to obtain identical values for the turning radius of 
the tractor and the machine wheels for a constant radius circle and a theoretical equation was introduced. 
Furthermore, the effectiveness of this approach was verified using a test trailer. 

(3) To align the tracks for a non-constant radius turn, the active precision control method which provides 
a steering control based on the following equation using the angle of traction and the steering angle of the 
tractor's front wheels was developed, and this control method was applied to a test trailer and a 
commercially available roll baler for driving tests. The results showed that this control method improved 
the follow-up performance of the machine with the tractor. 

4 t = (±-k2)7E/k2-(±ki+k3)7k2 

(4) The active precision control method was further improved by estimating the steering angle of the 
tractor's front wheels and using these values in the following equation to determine the steering angle for 
the machine wheels based on the angle of traction and the angular velocity of the angle of traction. This 
improved method which is referred to as the active precision control method based on the estimation of 
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the steering angle was applied to the roll baler for driving tests. The results showed that the follow-up 
performance reached levels similar to those obtained with the active precision control method. Also, this 
control method was suitable for practical use because it does not require the installation of sensors for 
measuring the actual steering angle of the tractor's wheels or other changes. 

fr _ f* 2 -fb a -fh J + 2ftifi f, 

-fi a +fb J +V + 2fbfi, * " V 

r 2fb(fl,. + fi)V' “I : 

X [ aflitfb + ihf-t* 1 I j 


Additionally, the follow-up performance can be further enhanced by applying a compensation coefficient 
for sloped grassland. 
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Evaporation and Percolation Control in Small Farm Ponds 
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*2 Fand Development Regional Office 2, Department of Fand Development, Ministry of Agriculture and Cooperatives 
(Ao-Udom, Sriracha, Chonburi 20230, Thailand) 

Abstract 

In savanna and tropical monsoon areas where the dry and rainy seasons can be clearly distinguished, it is important for farmers to secure as much irrigation 
water as possible in the dry season in order to produce fruits and vegetables. Though the Department of Fand Development, Ministry of Agriculture and 
Cooperatives, Thailand recommends that farmers excavate small farm ponds for the purpose mentioned above, the irrigation water stored in the farm ponds 
in the rainy season is not effectively used in the dry season because of evaporation from the surface of water and percolation from the bottom and lateral 
parts of the ponds. Therefore, the authors developed methods to control the evaporation and percolation in small farm ponds. They selected 4 methods 
mentioned below, based on the results of experiments carried out in the eastern region of Thailand by Kobayashi. They developed low cost and sustainable 
methods which farmers can apply themselves as follows: (1) Covering the surface of water with floating materials. (2) Management of irrigation water 
using several ponds. (3) Changes in the pond shape. (4) Compaction of the bottom of the pond after crushing. The authors confirmed the effectiveness of 
the 4 methods through field experiments and model calculations. 

Discipline: Irrigation, drainage and reclamation 
Additional key words: floating materials 
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Introduction 

The climate of Thailand can generally be classified into 2 main types, savanna and tropical monsoon. For example, the major part of the eastern region in 
Thailand has a savanna climate where the dry and rainy seasons can be clearly distinguished by the amount of rainfall. Consequently, rainfall in the eastern 
region of Thailand is concentrated during the rainy season from May to October and the amount is very small during the dry season, especially from 
December to March. 

Presently the authorities concerned have attempted to promote crop diversification including the development of orchards in order to improve the standard 
of living of the farmers. To achieve this objective, the farmers must secure water resources for the dry season. For example, since some of the tropical 
fruits in the eastern region of Thailand pollinate from January to February, irrigation water must be preserved at least until February through the utilization 
of farm ponds, groundwater, etc. However, water resources in this region are mainly derived from surface water with some supply from groundwater. 

Construction of farm ponds is one of the measures to alleviate these shortcomings. However, valuable irrigation water in farm ponds gradually evaporates 
and percolates under the strong sun in the dry season. Therefore, it is important for the authorities concerned to implement sustainable measures to 
preserve farm pond irrigation water as much as possible. 

The authors studied and conducted some experiments related to the development of methods to control evaporation and percolation in small farm ponds for 
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2 years (1995~1996), based on experiments carried out by Kobayashi in 19942). In the current report, the results of this study are described. 

Selected measures 

In this study the authors aimed at implementing water conservation measures in small farm ponds, especially in standard-type small farm ponds (Fig. 1) 
recommended by the Department of Land Development (DLD), Ministry of Agriculture and Cooperatives, Thailand. Moreover, the authors aimed at 
implementing practical water conservation measures which farmers can apply themselves. 

Fig.l.DLD standard-type small farm pond (excavated type)(21KB) 

The following 4 methods were selected: (1) Covering the surface water with floating materials (hereafter referred to as Floating cover method). (2) Use of 
several ponds (hereafter referred to as Compartment method). (3) Changes in pond shape (hereafter referred to as Pond shape method). (4) Crushing and 
compaction of the bottom of the pond (hereafter referred to as Crushing and compaction method) (Fig. 2) . 


Evaporation control 


Floating cover method 


F ig. 2. S el ected measures 


— Compartment method 

— Pond shape method 

Crushing and compaction ntelhod 


Percolation control 


1) Floating cover method 

The authors carried out 2 experiments in the 1995 and 1996 dry seasons. The results of these experiments are shown in Table 1. 
Tablel:Floating cover experiments 


1995 Experiment 1996 Experimen t 


Method 

77-day- 

Daily average 

Evaporation 

77-day- 

Daily average 

Evaporation reduction 


cumulative 

evaporation 

reduction rate 

cumulative 

evaporation 

rate 


evaporation total 


(%) 

evaporation total 




(mm) 

(mm/day) 


(mm) 

(mm/day) 

(%) 
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Control 

494.57 

6.42(100%) a ) 


433.02 

4.98(%)*) 


Polystyrene foam 

304.85 

3.96(62%) 

38 




Bamboo 

Drinking water bottles 

Duckweed 

370.64 

331.97 

4.81(75%) 

4.31(67%) 

25 

33 





450.00 

5.84(91%) 

9 

379.75 

4.13(83%) 

17 


a): Rate taking "Control" as 100% 


Based on the 1995 experiment, though the results showed that polystyrene foam was most effective in reducing evaporation from farm ponds, the authors 
selected duckweed (a kind of floating weed) as the most suitable and sustainable floating material in taking account of the cost and load on the 
environment. 

In the 1996 experiment, the authors confirmed again the effectiveness of duckweed for evaporation control. Based on these experiments, the authors 
observed that duckweed used as floating cover reduced the evaporation by about 10%. 

2) Compartment method 

(1) Method!) 

A schematic diagram illustrating the method is shown in Fig. 3. The ponds were operated as follows: 

Fig.3: Schematic cross-section diagram of 3-compartment ponds(37KB) 

1. They were full of water at the end of the rainy season (Stage 1). 

2. Water for consumptive use was pumped from pond 1 until the evaporation and percolation losses from pond 2 and pond 3 were equal to the amount of 
water remaining in pond 1 (Stage 2). 

3. A pump was used to transfer the water remaining in pond 1 to fill the unused capacity of pond 2 and pond 3 (Stage 3), which eliminated further 
evaporation and percolation losses from pond 1. 

4. Water was withdrawn as needed for consumptive use from pond 2 until the amount of water remaining in pond 2 was equal to the unused capacity in 
pond 3 (Stage 4). 

5. A pump was used again to transfer the remaining water from pond 2 into pond 3 (Stage 5). At this stage, pond 3 was filled and pond 1 and pond 2 were 
empty, which eliminated further evaporation and percolation from pond 2. 

(2) Results 

Based on a computer calculation, it was observed that this method was effective for the control of evaporation and percolation. 
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When the method is applied to DLD standard-type small farm ponds, it is considered that there are 2 systems. In one, a pond is divided into various 
compartments, and in the other some standard-type small farm ponds are used with water consumption corresponding to the number of ponds. Therefore, 
the authors examined 7 cases as shown in Table 2 . Case-A corresponded to the DLD standard-type small farm pond. In Case-Bl to Case-B3 the former 
system was used and in Case-Cl to Case-C3 the latter system was employed. 

Table 2. Calculation of water reduction in the Compartment method(42KB) 

The assumptions for the calculations were as follows: evaporation amounted to 5.0 mm/day, percolation to 5.0 mm/day, there was no rain and the daily 
water consumption per standard-type pond was 5.0 m 3 /day. 

The results of calculation are shown in Tables 2, 3 and Fig. 4. The conclusions were as follows: 

Fig.4: Effectiveness of Compartment method in reducing evaporation and percolation(19KB) 

- In the Case-C series, consisting of some DLD standard-type small farm ponds which were used with water consumption corresponding to the number of 
ponds, evaporation and percolation control of farm ponds was effective. 

- The more farm ponds were used in Case-C series, the greater the effectiveness. 

- Using the figures listed above in the calculation, farmers could reduce evaporation and percolation from ponds by 13% and secure irrigation water for 16 
days more in Case-C3 (use of 4 ponds) than in Case-A (DLD standard-type small farm pond). 

- The effectiveness based on the number of ponds was almost the same in all 3 cases of the Case-C series. Since the reduction of evaporation and 
percolation per pond in Case-C3 was about 1.6 times greater than in Case-Cl, 4 ponds should be used in the Case-C series. 

3) Pond shape method 

Based on the computer calculation, it was observed that the steeper the slope, the greater the effectiveness for evaporation and percolation control. 
Furthermore, round farm ponds were more effective for evaporation and percolation control than rectangular farm ponds, based on the same calculation 
method. 

Sixteen cases were analyzed as shown in Table 4. In Case-A to Case-L the rectangular ponds were used and in Case-M to Case-T round ponds were used. 
Four patterns of slopes were examined = 1:2.0, 1:1.5, 1:1.2 and 1:1.0. 

Table 4:Calculation of water reduction on the ponds (pond shape method)(62KB) 

The assumptions for the calculations were as follows: evaporation rate was 5.0 mm/day, percolation rate was 5.0 mm/day, there was no rain and the daily 
water consumption per pond was 5.0 m3/day. 

The results of the calculations are shown in Table 4 and Fig. 5 . The conclusions were as follows: 

Fig.5:Role of pond shape in reducing evaporation and percolation(27KB) 

- The steeper the slope, the greater the effectiveness for evaporation and percolation control. 

- Round ponds were more effective for evaporation and percolation control than rectangular farm ponds. 

- Steeper slopes and round shape resulted in greater effectiveness when the compartment method was applied than when it was not applied. 
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- Using the figures mentioned above in the calculation, farmers could reduce evaporation and percolation from ponds by 23% and secure irrigation water 
for 28 days more in Case-P (slope 1:1.0, round shape, application of the compartment method using four ponds) than in Case-A (DLD standard-type small 
farm pond). 

4) Crushing and compaction method 

The authors carried out a percolation control experiment in December 1996 using a simulated farm pond. The results of the experiment are shown in Table 
5. The soil of the bottom of the simulated farm pond consisted of gravelly sandy loam soil. 

Table 5. Percolation control experiment 


Percolation 


Case 

1st trial 

2nd trial 

3rd trial 

Unimproved(A) 

5.7xl0- 2 

5.7xl0- 2 

4.9x10-2 

Crushing and 
compaction(B) 

1.5x10-2 

1.0x10-2 

8.9x10-2 

Ratio of (B)to(A) 

26.3% 

17.5% 

18.2% 


Rate (cm/s) 

4th trial 

5th trial 

6th trial 

Average of 1st to 4th 

5.1x10-2 

3.7x10-2 

3.1x10-2 

trials 

5.3x10-2 

7.4x10-2 



9.8x10-2 

14.5% 



18.5% 


Based on the results of the experiment, the crushing and compaction method was effective in reducing percolation from farm ponds. At the bottom of the 
simulated pond where the crushing and compaction method was used, the percolation rate decreased to about 20% compared with the rate in the 
unimproved area. 


Though we observed that the crushing and compaction method was able to cut the percolation rate by 80% on gravelly sandy loam soil, we could not 
determine whether the same phenomenon occurred on clay soil which is suitable for the bottom of the ponds. Therefore, similar experiments should be 
conducted on clay soil, at the bottom of several actual farm ponds, especially, to confirm the effectiveness of the method. 


(References) 

1) : Civff, C. B., (1975): Water harvesting systems in arid lands. Destination, 72, 154-155. 

2) : Kobayashi, H., (1996): Current approach to soil and water conservation for upland agriculture in Thailand. JARQ, 30, 43-48. 
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Fig.3. Schematic cross-section diagram of 3-compartment ponds 

Water levels at various stages in the annual cycle of operation are indicated. 
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Table 2. Calculation of water reduction on the Compartment method 


Cue 

Numhtf 

of 

ponds 

dpflCtCy wf 
cich (V'lXl 

Cm> 

Wiicr induction (nt> 

Witter 

availability 

(dty*> 

Coriiumpfion 

Evaporation 

Percolation 

Tour 

Cue-A 

1 

13*3.7 
< .5.0 m J 

691.? 

2850 

30fi,9 

1,285.7 

13* 

C*«-DI 

2 

664,1^ 

< 5.0 n*> 


277.5 

306} 

13832 

14| 

Cue-U2 

3 

ms 

< 5 0 

6817 

2** 3 

m2 

1391,0 

136 

Caw-rtf 

4 

321.8 
< 5.0 m> 

666,0 

293,5 

327.7 

13*7.2 

133 

C«frCI 

2 

13*5.7 

<10 0 Bl‘> 

1.4809 

521-7 

56*7 

2,571.4 

14* 

Cub-C2 

3 

13*5 7 
<150 m’> 

23765 

7553 

835? 

3*857.2 

IS2 

CinnCJ 

A 

■ 20.0 

3 P 0727 

ms 

1,081,4 

5,142.9 

154 


a) : < > daily wateT consumption in cadi case 
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Fig.4 .Effective of Compartment method in reducing evaporation and percolation 
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Table 4.Calculation of water reduction in the ponds (Pond shape method) 


C*m 
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Wettr 

ivulilxlih 

(<%*) 

Name 

Shape 

Slope 

Number 

of 

pondi 

Contumption 

Htripneitinn 

Pcnolitioi 

TmH 

C«frA 

R«l- 

13-0 

1 

691.7 

3S5JO 

3089 

13*5 7 

138 

Cuc-C.t 

Reel. 

13j0 

4 

3j072.7 


1.081.4 

5,1419 

154 

Cu.Q 

R«L 

110 

l 

710.0 

»T4 

307S 

IJ85.I 

142 

C*»c-H 

Rod 

1.1.0 

4 


*52 9 

1.021.0 

5.140.4 

163 

ClK-l 

Reel. 

1:13 

1 
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306J 

1,286.8 

142 

Cwl 

Red 

1:1-1 

4 

3.2396 
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1.0439 
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1 
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3010 
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14| 
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13 0 

4 

3,1590 
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IJ0349 

5,1496 

15* 

C.w^O 

Round 

1:1.0 

1 

715.1 

26* 1 

303.4 

12*66 

143 


Round 

1:1 A 

4 

32163 

840.9 

9*93 

5,146.4 
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Cuf-Q 
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1:11 

1 
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3014 

12*6 8 
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LWk 

Hound 

1:11 

4 

32**J 

865.* 

mi 

5.147 2 

164 
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l:li 

l 

nu 

tm 
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Ctoe-T 
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II 5 

A 
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13*3 5 
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Fig.5. Role of pond shape in reducing evaporation and percolation 
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Integrated application of the 4 methods 

The authors studied the effectiveness in each case where all or some of the 4 methods described above 
(Floating cover method, Compartment method, Pond shape method and Crushing and compaction 
method) were integrated, based on the computer calculations. Table 6 shows the 16 calculation cases. In 
Case-a, none of the methods listed above were used. In Case-b to Case-e we used only one method, in 
Case-f to Case-k we combined 2 methods, in Case-1 to Case-o we used 3 methods together and in Case-p 
we integrated all of the 4 methods. 

Table 6:Calculation of water reduction in the ponds (integration of methods)(56KB) 

The assumptions for the calculations were as follows: 

- Evaporation was assumed to be 5.0 mm/day. 

- Evaporation was assumed to be 4.5 mm/day when the floating cover method was employed because the 
experiments showed that this method reduced evaporation by about 10%. 

- Percolation was assumed to be 5.0 mm/day. 

- Percolation was assumed to be 2.0 mm/day at the bottom of the farm ponds when the crushing and 
compaction method was applied because the experiments showed that the method was effective in 
reducing percolation and the reduction rate was about 80% in the case of gravelly sandy loam soil. 

- There was no rain. 

- The daily water consumption per pond was assumed to be 5.0 m^/day. 

The results of the calculations are shown in Tables 6 , 7 and 8. The conclusions were as follows: 

- When only one method was applied, the Compartment method was the most effective in reducing 
evaporation and percolation, followed by the Crushing and compaction method and the Pond shape 
method, while the Floating cover method (duckweed) was the least effective. 

- The more methods we applied, the greater the effectiveness, except for Case-c and Case-i where the 
Compartment method was employed. 

- We could expect greater effectiveness by applying the Pond shape method together with the 
Compartment method and/or the Crushing and compaction method. For example, in Case-i, the reduction 
rate of "evaporation + percolation"(21.7%) was higher than the total (16.6%) of the rate when the 
Compartment method was applied (12.9%) and the rate when the Pond shape method was applied 
(3.7%). 

- Using the figures mentioned above in the calculation, farmers could reduce evaporation and percolation 
from ponds by 31% and secure irrigation water for 38 days more in Case-p (the 4 methods were 
integrated) than in Case-a (DLD standard-type small farm pond). 

Table 7.‘Degree of effectiveness(55KB) 

Table 8:Effectiveness of Pond shape method when combined with another method(36KB) 

Conclusion 

Though the experiments on the Floating cover method and the Crushing and compaction method should 
be continued, and the degree of effectiveness of these methods in reducing evaporation and percolation 
should be 

- Considerable reduction of evaporation and percolation could be expected by employing only the 
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Floating cover method (duckweed) and the Crushing and compaction method. These methods should be 
disseminated among farmers because they are cheap and easy to apply by farmers under the support of 
the government. 

- When new ponds are excavated, the shape of the ponds should be round. Furthermore, the lateral parts 
of the ponds should be as steep as possible. 

- The use of several ponds (Compartment method) was very effective for evaporation and percolation 
control. Therefore, the DLD should ask the farmers to form small groups, excavate several farm ponds 
and let them manage water use by employing the Compartment method. 
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Table 6 

Table 6.Calculation of water reduction in the ponds (integration of methods) 




Method 



Water reduction (m J ) 


Water 

availa¬ 

bility 

(days) 

Case 

Floating 

cover 

method 

(duck¬ 

weed) 

Compart¬ 

ment 

method 
(using 4 
ponds) 

Pond 

shape 

method 

(round, 

slope 

1:1-2) 

Crushing 

and 

compac¬ 

tion 

method 

Consump¬ 

tion 

Evapo¬ 

ration 

Percola¬ 

tion 

Total 

Cases 





691.7 

285.0 

308.9 

1,285.7 

138 

Case-b 

O 




706.7 

263.0 

316.0 

1,285.7 

142 

Casc-c 


O 



3.072.7 

988.8 

1.081.4 

5,142.8 

154 

Cased 



O 


715.0 

270.4 

301.4 

1.286.8 

143 

Casc-c 




O 

721.2 

295.4 

269.1 

1.285.7 

145 

Case-f 

O 

O 



3,120.2 

913.2 

1,109.4 

5,142.8 

156 

Case-g 

o 


O 


730.1 

248.7 

308.0 

1,286.8 

146 

Case-h 

o 



O 

737.0 

273.0 

275.8 

1,285.7 

147 

Case-i 


o 

O 


3,287.3 

865.8 

994.2 

5,147.2 

164 

Casc-j 


o 


o 

3,138.7 

1,017.8 

986.4 

5,142.8 

157 

Casc-k 



O 

0 

777.0 

292.8 

216.9 

1.286.8 

155 

Case-1 

o 

o 

O 


3,338.4 

794.7 

1,014.1 

5,147.2 

167 

Casern 

o 

o 


o 

3.195.1 

938.0 

1,009.7 

5,142.8 

160 

Casc-n 

o 


O 

o 

795.0 

269.6 

222.2 

1.286.8 

159 

Case-o 


o 

O 

o 

3,454.6 

918.1 

774.6 

5,147.2 

173 

Case-p 

o 

0 

O 

o 

3,511.7 

844.4 

791.1 

5.147.2 

176 



Hback 
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Table 7. Degree of effectiveness 


Order 

Cwe 

Method 

Kile when Ci:w-a is liken 

as 100% <%) 

Water 
anil ability 
(days) 

HniUrJj; 

caver 

method 

(duck¬ 

weed) 

Compafl- 
it writ 

melhod 
(Vtitj 4 

pHMlJl; 

PorxJ 

shape 

method 

(rMJftd, 

tdofe 

Crushing 

and 

comple¬ 

tion 

method 

Tola] 

( -]■ Mnpeifiiinn * percolation) 


Difference 

between 

Ihis e*s< 
and Ctuva 

1 

Cwfi 

0 

o 

O 

O 

6S.S 

-31J2 

176 

1 



0 

O 

o 

71-3 

'28.7 

173 

3 

Case-1 

Q 

0 

0 


76.1 


167 

4 

Cast-i 


o 

0 


78,3 

■21.7 

164 

5 

Csa^m 

O 

o 


0 

52.0 

■18.0 

160 

6 

CllMl 

O ! 


O 

0 

m$ 

*17.2 

159 

7 

titt-j 


o 


0 

84.4 

■15.6 

157 

% 

C«ef 

D 

o 



85.1 

'14 8 

156 

9 

ClK-t 



O 

o 

*58 

14 J 

155 

10 



Q 



87.1 

-129 

154 

II 


O 



o 

92A 

-76 

147 

12 


O 


0 


93.7 

-6.3 

146 

13 

Cwt 




o 

95jO 

*5 0 

145 

M 

Cuc-d 



O 


96 J 

* 3.7 

143 

15 

Cuc-tr 

o 




97 5 

■25 

142 

16 

Cut’* 





1000 

- 

135 


PIback 
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Table 8. Effectiveness of Pond shape method when combined with another method 


(Unit : %) 


Cue 

Trend 

Floating 

onw 

method 

Compflrl- 

mpn 

method 

C12.^> 

Pood 

ihape 

method 

o. n 

Crushing 

and 

compaction 

(5 0) 

Total 

Cmo-p Q12) 


G 

G 

0 

o 

(24.1) 

Casc-o (2B.7) 



O 

0 

o 

(21.6) 

Casc^l (2J.9) 


O 

O 

0 


(19,1) 

Cmc* (17.21 


O 


0 

G 

01.2) 

Cm e-i (21.7) 



O 

O 


(166) 

Cose-k (14 2) 




o 

O 

< 8 7) 

Case'll (7.6) 


0 



O 

( 7,5) 

Cnsc-g (6.3) 


0 


0 


{ 6.2) 

Case-tn (JI.O) 


o 

O 


O 

(20.4) 

Cm c ) (15.6) 

< 


O 


O 

(17.9) 

Casc-f (14.*) 


0 

O 



(H4) 


Note ; ( ) indicates the reduction rate of * evaporation + peredaimn " 
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Summer-Sown Cultivation of Forage Oats and Breeding in Japan 

Summer-Sown Cultivation of Forage Oats and Breeding in Japan 

Masaaki KATSURA 

Department of Grassland, Kyushu National Agricultural Experiment Station 
(Nishigoshi, Kikuchi, Kumamoto, 861-1192 Japan) 

Abstract 

Oats are mainly used as forage in Japan. A new cultivation type, in which oats are sown in late summer and harvested as silage or hay in 
December or later, has been adopted in the warm region of Japan. This type which is referred to as "summer-sown cultivation" enables to 
make good use of the field from late summer to early winter. However, this system is not satisfactory for oats, because high temperatures 
persist until mid-September, the day-length shifts from long to short, and the temperature from high to low. We have been engaged in the 
breeding of oats for summer-sown cultivation to overcome such adverse conditions. Therefore we focused on early heading habit in fall. 
Based on the evaluation of introduced varieties and lines for heading habit, we observed that some Mexican varieties headed early in 
summer-sown cultivation. Then we released 'Haeibuki' which is a progeny from a cross between a Mexican cultivar, Guelatao' and an old 
Japanese one, 'Hayate'. Haeibuki is characterized by very early heading in summer-sown cultivation and a high dry matter percentage at 
harvest. Through field trials in the breeding process, we observed differences among cultivars in germination under summer-sown conditions, 
presumably associated with high temperature. 

Discipline: Plant breeding 

Additional key words: Avena sativa L., heading, germination 
Received for publication, February 9,1998 
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Introduction 

Oats, Avena sativa L., are mainly used as forage in Japan, while as grain and for grazing in other countries. The total area of forage crops in 
Japan was estimated at 980,200 ha in 1995, of which the seeding area covers 188,582 ha. The seeding area of oats is estimated at 10,500 ha 
and oats rank third after maize and sorghum except for grasses, including Italian ryegrass. Oats are mainly distributed in Kyushu, which is 
located in the southwestern part of Japan, with an area accounting for about 65% of the total oats area. 

Oats have been sown in fall in the southwestern part of Japan and harvested in the next spring for many years. This system is referred to as 
"fall-sown cultivation". When oats are used as forage, another cultivation type has been adopted in the warm region of Japan, which is 
referred to as "summer-sown cultivation". In this type, oats are sown in late summer and harvested as silage or hay in December or later. We 
have been engaged in the breeding of forage oats for summer-sown cultivation since 1988. In this review, various aspects relating to the 
breeding of oats for summer-sown cultivation will be described along with the characteristics observed through our breeding process. 

Summer-sown cultivation of oats and breeding objectives 

The main forage crops in Japan are summer crops such as com and sorghum. They are sown in spring and harvested in summer and fall. 
Farmers try to get high yield with high nutritive value by growing them. Therefore, some farmers implement double cropping of com. In this 
case, since the interval between the first harvest and second seeding is very short, the system is very laborious. 

In the warm region of Japan, com tends to be sown earlier for avoiding typhoons in late summer while paddy rice is transplanted in early 
spring. Therefore, it is necessary to make good use of the field from late summer to early spring after harvesting rice or com by mid-August 
because the area of arable land in Japan is small. Oats are an important crop for producing feed in early winter and next spring as well as 
Italian ryegrass. In the case of summer-sown cultivation of oats, in which oats are sown in late summer and harvested in early winter, farmers 
have enough time to make preparations for the growth of the next crops. As stated above, to save labor and avoid risk, summer-sown 
cultivation of oats is an important alternative. Then, the weather from fall to early winter is mild in the southwestern part of Japan, particularly 
in southern Kyushu, i.e. Miyazaki and Kagoshima (Fig. 1) . There is enough rain and the weather is mild in fall. Therefore, this cultivation 
type enable to make the best use of the climatic conditions. 

Fig.l: Monthly total precipitation and average temperature(29KB) 

However, the conditions of summer-sown cultivation are not favorable for oats which are a long-day plant. High temperature persists until 
mid-September, and this period corresponds to the germination stage. The day-length shifts from long to short and the temperature from high 
to low (Figs. 1 and 2) . These conditions influence panicle emergence and subsequent growth. In order to overcome such shortcomings, we 
developed the following breeding objectives: (1) stable germination under high temperature conditions, and (2) early heading in fall to reach a 
stage beyond the milky stage at harvest. Particularly, we focused on early heading in fall to obtain a high dry matter percentage at harvest. 
Then the high dry matter percentage may decrease the labor for prewilting in the field before harvesting at a low temperature. 
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Summer-Sown Cultivation of Forage Oats and Breeding in Japan 
Fig.2:Daylight in Kyushu, Japan (hours)(25KB) 

Evaluation of germplasm for heading habi 

Many studies on heading habit have been performed. Peterson 5 ) pointed out in his review that the time required for inflorescence development 
and emergence is affected by the temperature and photoperiod in oats. While the optimal temperature for the most rapid development varies 
among studies, both warmer and cooler temperatures were found to delay heading. Griffiths3) reported that panicle emergence was entirely 
suppressed under photoperiods of 12 h and less in some varieties. In addition, he dissected the growing points of plants which failed to emerge 
under short days. As a result, he observed that floral differentiation had not been inhibited by short days, but that the full elongation of the 
intemodes, especially the upper intemodes, had been suppressed. 

As stated above, the day-length shifts from long to short, and the temperature from high to low in summer-sown cultivation (Figs. 1 and 2). 
Considering the climatic conditions and the results mentioned above, panicle emergence may be affected. In order to head under such 
unfavorable conditions, cultivars should be characterized by a low chilling requirement and low sensitivity to day-length. Ueyama8) evaluated 
28 introduced cultivars and lines for heading habit in summer-sown and fall-sown cultivation (Table 1) . He divided these cultivars and lines 
into 5 groups. The panicle emergence of group I was early in summer-sown cultivation and very early in fall-sown cultivation. Heading in 
group II was earlier than that in group I in summer-sown cultivation and later than that in group I in fall-sown cultivation. Heading in group 
HI was later than that in group I and as early as that in group I, respectively. Heading in group IV was later than that in group I in both types 
of cultivation. Group V did not reach the heading stage within a year in summer-sown cultivation. Many Japanese commercial varieties 
belonged to group I and group III. Group II included Mexican cultivars and their progenies. As a result, he pointed out that the characteristics 
of group II were important to develop a new cultivar for summer-sown cultivation. 

Table 1. Days to heading of introduced cultivars and lines in summer-and fall-sown field tests 


Group Cultivar, line 


Summer-sown 


West 

Early Queen 


II Diamante R31 

Paramo 
Akiwase 
Tarahumara 
Guelatao 
Hokkai-45 


III Gokuwase 

Enducks 
Hayabusa 
Suwan 


IV Satsukei63 

M.D.Dolphin 

Pacsun 

Donald 

Humantla 

Coker 820 

Chihuahua 


V Kairyo Grainoats 

Coker 87-9 
Mametank 
S-l 

Kagoshima 1 

Hyugakairyokuro 

Honkei-998 


Aug.29,1988 


67 

65 

71 

72 


58 

58 

62 

61 

65 

68 


85 

84 

83 

87 


74 

77 

77 

80 

83 

80 

79 


87 

95 


Aug.29,1989 


60 

65 
68 

66 


51 

60 

62 

64 

66 

69 


70 

71 
74 
73 


68 

79 

80 

71 
75 

72 
77 


73 


Oct.27.1988 


162 

159 

160 
160 


161 

168 

166 

166 

169 

168 


163 

162 

163 

163 


170 

171 

172 
168 
167 
165 
175 


174 

174 

165 

165 

164 

171 

173 


Oct.25,1989 


156 

156 

159 

160 

163 

167 
169 
161 

168 
168 


159 
161 

160 
160 


166 

170 

170 

169 

166 

162 

172 


171 

171 

163 

161 

163 

171 

170 


Cited from Ueyama 8 ) 

There tests were performed under spaced planting. Heading date was based on the date when the first panicle emerged from the flag leaf per plant until December 
(summer-sown )and the second panicle in spring (fall-sown). 

— : No heading. 
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Development of a new cultivar 'Haeibuki' 

We released a new cultivar 'Haeibuki' for summer-sown cultivation in 1996^)- Haeibuki is a progeny from a cross between Guelatao and Hayate. Guelatao, 
released by the National Institute of Agriculture Research in Mexico, is able to head in early fall. Hayate, introduced from Australia, has been used in 
summer-sown cultivation for many years. The cross, Guelatao x Hayate, was made in the greenhouse in 1988. The Fl, F2 and F3 were advanced in the 
greenhouse without selection. The F4 plants were grown from late summer to winter in 1989, and individual selection was performed for early heading in fall. 
The F5 lines derived from the selected F4 plants were selected for early heading in fall again in 1990. The F6 plants were multiplied by removing abnormal 
plants in the spring of 1991. The F7 lines were evaluated for yield and the other agronomic characteristics in summer-sown cultivation in 1991. As a result, 2 
lines were selected, and named Kyushu-1 and Kyushu-2. After the F8 generation, Kyushu-1 and Kyushu-2 were examined in the local adaptability tests. 
Lastly, we chose Kyushu-2, and it was registered as Haeibuki. The characteristics of Haeibuki are shown in Table 2 . The significant characteristics were early 
heading in summer-sown cultivation and high dry matter percentage at harvest. Moreover, the dry matter yield was slightly higher than that of other leading 
cultivars. 

Table 2. Characteristics of Haeibuki in summer-sown field test a * 


Cultivar 

Davs to heading^) 

Plant height^) 

(cm) 

Drv matter yield 

(t/ha) 

Drv matter percentage 

(%) 

Haeibuki 

44 

102.2 

4.47 

30.4 

Guelatao 

48 

124.2 

4.44 

26.7 

Hayate d * 

54 

99.8 

4.02 

21.5 

Akiwase d i 

45 

113.7 

3.53 

26.1 


a): Average of 1992-1994.b): The date when 3 panicles emerged from the flag leaf per 1 m 2 . 
c): At harvest, d): Japanese leading cultivars. 


Germination habit of oat cultivars for summer-sown cultivation 

Throughout breeding process, we observed differences among cultivars and lines in germination in the summer-sown field test. Our experimental lines 
showed good germination, while some cultivars displayed poor germination. Then we carried out the germination test using the seeds harvested in 1994 and 
1995 at constant temperatures of 20 and 30on the date corresponding to the seeding time in summer-sown cultivation, because we considered that poor 
germination was due to high soil temperature. Mean maximum/minimum soil temperatures in the fields in Kumamoto at a depth of 2 cm were 32/23 in 1995 
during the seeding and germination period from August 31 to September 10, and at a depth of 5 cm in 1996 the values were 30/22. 

Table 3. Influence of temperature on the germination percentage on the date corresponding to the seeding time in summer-sown cultivation 

Cultivar Year when harvested Temperature 0 
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Haeibuki 


30 

100 

94 


1994 

1995 

Guelatao 1994 

1995 

Hay ate 1994 

1995 

Early Queen 2994 

1995 

Enducks 2994 

1995 

Super Hayate Hayabusa 2994 

1995 

Sabitsuyoshi 2994 

1995 


20 

98 

95 
94 

96 
88 
84 
90 
93 

84 

85 

86 
89 
89 

97 


88 

89 

62 

21 

45 
24 
6 
0 

46 
0 

60 

78 


Germination test was started on September 12, 1994 and August 29,1995. Seeds were harvested in the spring 1994 and 1995,and stored at room temperature after threshing and 
cleaning . Seeds of Super Hayate Hayabishi in 1994 were bought from a seed company. Fifty seeds were placed in a petri dish (9 cm in diameter) with 2 sheets of filter paper imbibed 
with distilled water at the constant temperatures of 20 and 30 C. A seed was considered to have germinated when the radicle protruded through the send coat. Germination counts were 
expressed as mean germination percentage obtained from 2 replications. 

Table 3 shows the results of the germination test. There was a significant difference among cultivars at 30, while all of them showed a germination 
percentage of more than 80% at 20. The germination percentages of Haeibuki and Guelatao were very high, and those of 'Enducks' and ’Super Hayate 
Hayabusa' were very low. Radford and Key6) determined how the temperature affects germination, mesocotyl length and coleoptile length in 16 oat (Avena 
spp.) genotypes. They defined germination as the emergence of the shoot from the seed, and observed that the critical temperature for the differentiation of 
genotypic effects on germination was 30. Our results were in agreement with those findings. Observation of the state of germination in the field test of 
summer-sown cultivation in 1995, revealed a difference similar to the results mentioned above. That is, cultivars except for Super Hayate Hayabusa and 
Enducks reached the germination stage within 5 days after seeding, while in the former 2 germination was delayed. Fig. 3 shows the state of germination of 
Haeibuki and Super Hayate Hayabusa in the test in summer-sown cultivation in 1997. Apparently the germination of Super Hayate Hayabusa was delayed 
compared with that of Haeibuki. Then, we performed germination tests at a constant temperature of 30 in 1995 using the seeds stored at room temperature, 
which were harvested in 1994 (Fig. 4) . As a result, all the cultivars germinated with a percentage of more than 80%, because the non-germination habit 
decreased during the storage, as stated by Corbineau et al.i). They examined the dormancy of cultivated oat (Avena sativa) seeds, and its elimination during 
dry storage at 30. They showed that the longer the dry storage at 30, the more easily the coated caryopses germinated at high temperatures. Therefore, the 
new cultivar Haeibuki was able to germinate at high temperatures better than the other cultivars and the non-germination habit at high temperature could be 
removed more rapidly than in the other cultivars. In addition, regarding the relation between germination and high temperature in oats, Radford and Key6) 
reported that high temperature induced a temporary dormancy or state of "suspended animation". Corbineau et al. 2 ) also studied the induction of 
thermodormancy using dormant seeds and non-dormant ones in oats, and showed that the incubation of imbibed dormant seeds at 30 induced a 
thermodormancy. The results obtained and observations may be related to the induction of a temporary dormancy or a thermodormancy and studies on this 
phenomenon are currently in progress. 
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Fig. 3: Conditions of germination in summer-sown cultivation in 1997(34KB) 

Fig.4: Effect of storage period on the germination percentage at constant 30oC(34KB) 

Perspectives 

In the breeding of forage oats for summer-sown cultivation, we focused on early heading in fall. We were able to develop Haeibuki and other very early 
heading lines. However, new problems related to early heading should be addressed. Nagatani (pers. comm.) observed that some diseases spread after heading 
stage in the field tests, suggesting that the early type may be readily affected, and special attention was paid to crown rust and Helminthosporium leaf blotch. 
There are many descriptions about crown rust resistance, but very few about Helminthosporium leaf blotch resistance. Tsukiboshi et al.7) evaluated 56 
cultivars and lines including A. strigosa and A. byzantina for their resistance to Helminthosporium leaf blotch based on seedling tests using spore spray 
inoculation, and they examined the mechanism of plant reaction. They could not detect any cultivars with true resistance. However, they classified the 
cultivars into 4 categories according to the level of susceptibility to the disease. Therefore we plan to introduce the seedling test of Helminthosporium leaf 
blotch into individual selection schemes. 

Lodging resistance is also an important characteristic for summer-sown cultivation. Lodging leads to damage of growing plants and consequently the quality 
and yield decrease. Actually, we developed an experimental line with a strong lodging resistance which is currently undergoing in local adaptability tests. 

In this way, in order to make the best use of the period from late summer to early winter, oat cultivars can be improved. The major purpose of summer-sown 
cultivation is to achieve stable yield every year. However, the yield of forage oats in summer-sown cultivation seems to be largely affected by the weather 
conditions. Breeding work can play a very important role in stabilizing the yield of forage oats. 
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Haeibuki Super Hayate Hayabusa Haeibuki Super Hayate Hayabusa 


Fig.3. Conditions of germination in summer-sown cultivation in 1997 

Seeds were harvested in spring, 1997 and stored at 30 c after threshing and cleaning. Seeding date was August 29. 

Left: The conditions on September 5,7 days after seeding. 

Right: The conditions on September 8, 10 days after seeding. Germinating date of Haeibuki was September 4, and that of Super Hayate 
Hayabusa September. 
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Fig.4. Effect of storage period on the germination percentage at constant 30°C 
Germination tests were conducted in the same way as shown in Table 3 . 
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Abstract 

A non-cooking fermentation system for shochu spirit production was evaluated using both small-scale 
and bench pilot-scale equipment. This system employed a commercially available fungal enzyme 
preparation as saccharifying agent together with citric acid. The fermentation products from bench-scale 
equipment were distilled under vacuum or atmospheric conditions and the distillates were evaluated by a 
taste panel. Distillates produced under atmospheric conditions by the non-cooking fermentation method 
compared favorably with those produced by the cooking fermentation method. This method of 
production could result in significant savings of labor and energy if operated on a production scale. A 
case study and an analysis of economic aspects were carried out in a medium-scale shochu spirit factory. 

Discipline: Food 

Additional key word: atmospheric and vacuum distillation, flavor and aroma components, economic 
aspects 
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Introduction 

Economic pressures on many small to medium-sized shochu spirit distilleries require a reduction in the 
labor force. In spirit production in Japan, pretreatment of cereal raw materials by cooking and 
preparation of "koji" for saccharification are the most labor-intensive operations and account for 30% of 
the total work load. 

Recently, because of the trend toward milder tasting spirits, distillers have concentrated their attention to 
the development products that will meet this trend, by use of vacuum distillation or ion exchange 
treatments. Investment in the equipment needed for these processes will lead to unavoidable increases in 
costs. Investigations have therefore been carried out on systems based on a non-cooking method and 
employing exogenous saccharifying enzymes. These are designed to produce a mild spirit while saving 
labor and energy. A "non-cooking fermentation" method 2 ) was developed by the addition of citric acid, 
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and the fermentation progression depended on the commercial enzyme preparations used. It was also 
evident that the aroma and flavor compounds were derived from the cereal mash, especially higher fatty 
acid esters. 

This paper describes investigations on the practical applications of these results. A bench-scale pilot 
plant was then used to follow the changes in the concentrations of the flavor and aroma compounds with 
time. Finally, sensory tests were carried out on the products obtained by atmospheric and vacuum 
distillation. In the case study, attempts were made to determine whether this non-cooking fermentation 
system could be introduced into a shochu spirit factory. From the economic point of view, this system 
may enable to reduce of cost for manufacturing by about 10% . 

Materials and methods 

1) Bench-scale fermentation test 

The production of spirit by non-cooking and cooking fermentation methods was investigated using the 
bench-scale plant shown in Fig. 1 . The stainless steel fermentation tank had a 130 L capacity and the 
temperature was controlled at 25. Cmshed rice grains (50 kg) were steeped in tap water overnight and 
filtered for 1 h; 75 L of mashing water (mashing water rate 150%) containing 0.2% (w/v) of citric acid 
and 100.6 g of enzyme preparation E (0.1 g protein/100 g crushed rice) were added to the fermentation 
tank, followed by 4.5 L of suspended yeast. The temperature was controlled at 25. A cooking 
fermentation test was conducted as a control using cooked rice that had been boiled for 30 min. The 
mashes were stirred 2-3 times a day with a paddle. The yeast inoculum used in this fermentation test was 
prepared as follows: 100 mL of seed prepared as in the small-scale fermentation test was added to a 30 L 
fermenter containing 18 L of sterilized medium and cultured at 25 for 20 h at an aeration rate of 0.1 v/v 
min. 

Fig.l: Scheme of non-cooking and cooking fermentation systems in the bench-scale plant(28KB) 

2) Distillation method 

After the completion of the fermentation, the 120 L mash was divided into 2 equal parts, and one-half 
was subjected to distillation in a 100 L vessel that could be adapted to either atmospheric or vacuum 
distillation. Distillation at atmospheric pressure was carried out at 99 for 60-70 min, whereas vacuum 
distillation was carried out for 75-90 min until the temperature had risen from the starting temperature of 
35 to a final temperature of 43. The distillates were stored at 2 for 10 days and then filtered through 
No. 2 filter paper. Tap water was added to the filtrates to obtain products with an ethanol concentration 
adjusted to 25% (v/v). 

3) Analytical methods 

The acidity of the mash was analyzed according to the analytical method stipulated by the National Tax 
Administration Agencyi). The concentration of ethanol in the mash was estimated using a gas 
chromatograph (GC-7A Shimadzu, Kyoto). The column (3x1 mm) was packed with Porapak Q and 
equipped with a flame ionization detector. Isopropanol was used as an internal standard. Flavor 
componemts with a low boiling point other than isoamyl acetate and ethyl capronate, were analyzed by 
the direct injection method according to Nishiya's methods). The contents of isoamyl acetate and ethyl 
caproate were determined by gas chromatography based on the head-space method. One mL of the 
internal standard solution (Kbmg/L n-isoamyl alcohol solution) was added to a 30 mL vial containing 5 


http://ss.jircas.affrc.go.jp/engpage/jarq/33-1/nishimura/nishimura.html (2 of 3) [10/7/2002 9:23:49 PM] 



Production of Shochu Spirit from Crushed Rice by Non-Cooking Fermentation 


g of mash or 5 g of the product. The vial was hermetically sealed with a septum and an aluminum cap, 
and heated at 50 for 20 min, then 1 mL of the head-space gas from the vial was subjected to gas 
chromatography (14A, HHS-2A, Shimadzu, Kyoto). The temperature gradient employed was 5/min 
from 50 to 120. The detailed analytical conditions were described in the previous report 2 ). The flavor 
components with a high boiling point in the mash after distillation were extracted by the addition of 60 
mL of ether to 5 mL of the distillate and assayed by gas chromatography. The products obtained by 
distillation were also analyzed in the same way. The concentration of glucose in the mash was analyzed 
according to the gluco-stat method using an F-kit (Yamanouchi Seiyaku K. K., Tokyo), and organic acid 
components were analyzed by the post-label methods) using a high-speed liquid chromatograph. 


Sc ontinue to: [Results and discussionl 
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Fig 

Fig.l. Scheme of non-cooking and cooking fermentation systems in the bench-scale plant 
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Results and discussion 

1) Production of spirit based on the bench-scale fermentation test 

The conditions of the bench-scale fermentation test were established based on the results from the 
small-scale fermentation test, i.e. 3% seed inoculum and a fermentation temperature of 25 were used. 

The time course of fermentation is shown in Fig. 2 . Fermentation was completed on the 10th day in the 
non-cooking fermentation method, which is only slightly different from the 9 days required for the 
completion of the fermentation process in the case of the cooking fermentation method. The difference 
was due to the initial concentration of glucose in the mashes; this concentration for the cooking 
fermentation method was 22.3 g/L, whereas 1.3 g/L for the non-cooking fermentation method. The rate 
of saccharification therefore limited the fermentation rate in the non-cooking fermentation methods. A 
clear advantage of this system, however, was the lower level of bacterial contamination. 

Fig.2:Time course of ethanol and glucose concentrations in mash in 2 types of fermentation using the 

bench-scale plant(32KB) 

2) Flavor and aroma components during the fermentation 

The changes in the concentrations of the aroma and flavor components during the fermentation are 
shown in Figs. 3-5. Isoamyl alcohol concentration increased in both the cooking and non-cooking 
fermentation systems at the early stage of fermentation, but decreased in the latter period. The 
concentration of isoamyl acetate derived from isoamyl alcohol increased during the latter period of 
fermentation in the non-cooking fermentation system (Fig. 3) . The amounts of b-phenethyl alcohol and 
b-phenethyl acetate formed in both the cooking and non-cooking fermentation systems are shown in Fig. 
4. Both components were present at different concentrations in the cooking and non-cooking 
fermentation systems but the concentrations increased with the progression of the fermentation and then 
reached a constant level (Fig. 4) . 

Fig.3:Time course of isoamyl alcohol and isoamyl acetate concentrations in mash during batch 

fermentation using the bench-scale plant(23KB) 

Fig.4:Time course of 2 -phenethyl alcol and 2 -phenethyl acetate concentrations in mash during batch 

fermentation using the bench-scale plant(23KB) 

Since the changes in the concentrations of ethyl myristate, ethyl oleate and ethyl linoleate showed almost 
the same behavior, the increase of the concentration of ethyl linoleate is shown in Fig. 5 . The amount of 
ethyl linoleate reached the highest level during the middle stages of fermentation in the cooking 
fermentation system and decreased in the latter period of fermentation, whereas the ethyl linoleate 
concentration increased during the latter period of the fermentation in the non-cooking fermentation 
system. The analytical values of the flavor components with a high boiling point therefore confirmed the 
data from the small-scale fermentation test, the values being 11/32 as high as the values obtained in the 
conventional method (small-scale fermentation test 2 ))- A system using the enzyme preparation E was 
therefore considered to be suitable for the production of mild spirit. 

Fig.5:Time course of ethyl linoleate concentrations in mash during batch fermentation using the 

bench-scale plant(19KB) 
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Results and discussion 


The above results suggest that the concentrations of all the aroma and flavor components formed with 
low, medium and high boiling points were high in the non-cooking fermentation system. These results 
are similar to those obtained in the small-scale fermentation test as described in the previous report 2 ), 
because the free fatty acids contained in the raw materials were volatilized by cooking7). 

3) Effect of distillation method on aroma and flavor product components 

The mashes from the non-cooking and cooking fermentation systems were subjected to atmospheric and 
vacuum distillations using the same still. The sensory test for the products was carried out according to a 
5-point method by 14 panelists. 

The ratios of the principal aroma and flavor components in the distillate produced by vacuum distillation 
are shown in Fig. 6 . In the sensory test, the value for the product obtained by the non-cooking 
fermentation method was satisfactory, 2.64 compared with 2.86 for the product obtained by the cooking 
fermentation method. As mentioned above, these results were due to the high concentration of the flavor 
components of the products obtained by distillation, and the higher concentrations of the flavor 
components from the mash in the non-cooking fermentation system compared with the mash in the 
cooking fermentation system. The product obtained by the cooking fermentation system was of a dry 
type because the aroma was weak and almost no higher fatty acid esters were detected. In contrast, the 
product obtained by the non-cooking fermentation system had a good aroma and mild taste because the 
concentrations of flavor components with low and medium boiling points were higher. The A/B ratio was 
as high as 2.6 but the taste was rather dry because of the low concentration of higher fatty acid esters. 

Fig. 6:Sensory test of spirit (25% (v/v)) made by the application of the non-cooking and cooking 

fermentation with the saccharifying enzyme preparation E(42KB) 

The ratios of the principal aroma and flavor components of the products obtained by atmospheric 
distillation are also shown in Fig. 6 . Generally, both aroma and flavor components are present in large 
quantities in spirits distilled under atmospheric pressure, but a product with well-balanced A/B, A/P 
(isoamyl alcohol/w-propyl alcohol) and B/P (isobutyl alcohol/n-propyl alcohol) ratios of higher alcohols 
is preferable4). Spirit obtained by the cooking fermentation method had a low A/B ratio (1.34 and 1.32 
under vacuum and atmospheric distillation, respectively) because isobutyl alcohol was present in large 
quantities. However, spirit obtained by the non-cooking fermentation method had a high A/B ratio (2.6 
under both vacuum and atmospheric distillation) because isoamyl alcohol was present at higher 
concentrations. As the product obtained by atmospheric distillation had a slightly increased higher fatty 
acid ester content than that obtained by vacuum distillation, it was superior to the product obtained by 
vacuum distillation in terms of roundness to receive an evaluation point of 2.28. This product therefore 
could satisfy the taste of the public. 

It has been stated that the characteristics of the raw materials are well developed in the product obtained 
by the non-cooking fermentation method6). In this study, the product obtained by the non-cooking 
fermentation method was superior to that obtained by the cooking fermentation method in terms of both 
aroma and flavor components. The product had a milder taste than that obtained by atmospheric 
distillation from the second mash in the conventional method. This was due to the low fatty ester content, 
as shown in Fig. 6 in this paper and Table 5 in the previous report 2 ). Therefore, this product received a 
high evaluation point from the panelists. 
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Fig.2. Time course of ethanol and glucose concentrations in mash in 2 types of fermentation using the 
bench-scale plant. 

E; Non-cooking,I; Cooking. 
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Fig.3. Time course of isoamyl alcohol and isonamyl acetate concentrations in mash during batch 
fermentation using ht bench-scale plant 
E; Non-cooking I; Cooking 

Large circle; Isoamyl alcohol, Small circle; Lsoamyl acetate. 
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Fig.4. Time course of 2 -phenethyl alcohol and 2 -phenethyl acetate concentrations in mash during batch 
fermentation using the bench-scale plant 
E; Non-cooking,I; Cooking. 

Large circle; 2 -phenethyl alcohol, Small circle; 2 -phenethyl acetate. 
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Fig 

Fig.5. Time course of ethyl linoleate concentration in mash during batch fermentation using the 
bench-scale plant 
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Fig.6. Sensory test of spirit (25% (v/v))made by the application of the non-cooking and cooking fermentation methods 
with the saccharifying enzyme preparation E. 

_; Non-cooking,_;Cooking. 
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4) Conditions used in the case study in the shochu spirit factory 

4) Conditions used in the case study in the shochu spirit factory 

The shochu spirit factory surveyed this time used 630 kg of rice per fermentation, and the proportion of raw materials and water is shown in Table 1 . Two 
workers were engaged in the factory's manufacturing process: 650 L of crude shochu was manufactured from 630 kg of raw materials with an alcohol 
percentage of 43.5%. Considering that the ordinary percentage of alcohol of distributed shochu is 25%, the value can be converted to 1,131 L of 
commercialized shochu. Although the case study was carried out under these conditions, the cost calculation will be based on the conversion of actually 
measured figures 1,131 L into 1,000 L (1,131 L/1,000 L). 

Table 1. Proportion of raw materials and water 

First fermentation Second fermentation Total 

Ricekoji 180 kg 180 kg 

Rice (main raw material) 450 kg 450 kg 

Water 216 L 792 L 1,008 L 

Regarding the energy aspect, the amount of water in the boiler, exhaust gas temperature, oxygen concentration in exhaust gas, the amount of heavy oil used, 
the amount of drain of the koji-making machine and the amount of drain of the distillation machine were measured, and the energy consumption was 
examined. The total energy consumption required to manufacture 1,000 L of 25% shochu is shown in Table 2 . The steam amount in a shochu factory using 
630 kg of rice was 656 kcal/kg, and 172 L as A-grade heavy oil. 

Table 2. Ratio of working process and workers 3 ) 


Manufacturing process 

Ratio of process 

Workers 

Note 

Raw material treatment 

11.0 (%) 

0 .22(person) 

Saving of labor 

Koji process 

19.1 

0.38 

0.75 person x 20,000yen = 15,000 yen 

First fermentation 

7.7 

0.15 


Second fermentation 

32.0 

0.64 


Distillation 

18.0 

0.36 


Refining & blending 

3.6 

0.02 


Others 

8.1 

0.16 


Total 

100.0 

2.00 



Two workers were engaged in the manufacturing process and the number of worked hours depending on each process is shown in Table 3 . By introducing an 
automatic koji process machine, the ratio of the koji process which is the most time and labor-consuming process during the manufacture process, decreased 
to 19.1%. The characteristics of the non-cooking fermentation system removed the processes of rice steaming, koji-making and the first fermentation stage. 
Without these processes, 0.75 manpower could be saved. If the daily wage for 1 person is 20,000yen, 15,000yen can be saved. 

Table 3. Consumption of energy for working process an cost 

Current manufacturing process) A ) Manufacturing process in non-cooking 

fermentation system(B) (A-B)/(A) A-B 
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Amount of energy Amount of steam 

- - 1,851.1 L 


A heavy oil 


172.0 L 


Raw materials Koji fee or enzyme 

fee 


Amount of work _ 

Number of 
workers and 

_ personnel expenses 

Saving _ 


8,428 yen 


24,155 yen 


2.00 persons 


20 ,000yen x 2.00 persons = 
40.000yen 


1,352.8 L 
125.9 L 


2,259 yen 


6,169 yen 


Enzyme —4,504 yen 

Citric acid—4,680 yen 62.0% 14,971 yen 

Total—9,184 yen 


1.25 persons 


20.000yen x 1.25 persons 37.5% 15.000 yen 

= 25.000yen 


32,230 yen 


The manufacturing cost per 1 kg of koji, including the raw material cost was 299yen, and in this factory the koji cost was 53,800yen. The koji manufacturing 
cost excluding the raw material cost was therefore 24,155yen. In the non-cooking fermentation system, as mentioned before, enzyme and citric acid were 
used. The cost of the enzyme was 4,504yen (1,126 g x 4yen) and that of citric acid was 4,680yen (1,800 g x 2.6yen). 

5) Economic aspects of the introduction of the non-cooking fermentation system into a rice shochu factory 

In taking account of the energy consumption and labor force, the present conditions of a medium rice shochu factory were examined. Thereafter the 
economic effetiveness of the introduction of the non-cooking fermentation system into this shochu factory, was estimated. Since the non-cooking 
fermentation system is characterrized by the elimination of the rice steaming process, energy can be saved and thus manpower in the manufacturing process 
can also be reduced. Due to the possibility of reducing labor to 38.8% and eliminating the first fermentation stage in the manufacturing process, it was 
possible to reduce the whole process to half. Based on the results obtained, a comparison between the existing manufacturing system and the non-cooking 
fermentation system is shown in Table 3. In terms of energy, 2,259 yen could be saved and this figure represented 26.8% of the whole energy cost. Since the 
koji process could be eliminated, 24,173 yen could possibly be saved. However, a sum of 4,504 yen for enzyme treatment and 9,184 yen for citric acid is 
necessary in the non-cooking fermentation system. Based on the figures listed above, a total sum of 14,471 yen could be saved. Due to labor-saving, 15,000 
yen could be saved resulting in an economic benefit of 32,248 yen in terms of cost-saving. In addition, since the non-cooking fermentation system can be 
applied to the existing facility, new plant and equipment investment is not necessary. As a result, in the process of manufacturing 1,000 L of 25% alcohol 
shochu, it was evident that 32,248 yen could be saved, suggesting that 58 yen per bottle of ordinarily distributed 25% shochu could be saved, which amounted 
approximately to 10% of the cost of shochu production. 
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Isolation of Individual Quantitative Trait Loci Causing 
Long Grain in Rice 

Tsuneo KATO 

School of Bioresources, Hiroshima Prefectural University (Shobara, Hiroshima, 727-0023 Japan) 

Abstract 

To evaluate the gene action and interaction of quantitative trait loci (QTLs) as a single Mendelian factor, 
attempts were made in this study to isolate individual QTLs causing long grain in a large-grain rice 
cultivar 'BG 1', in other words, to establish a series of near-isogenic lines which had long-grain alleles 
derived from BG 1 at only one QTL and the short-grain alleles at the other QTLs. In the course of 
developing recombinant inbred lines from the cross between BG 1 and a short-grain cultivar Koshihikari, 
the lines were surveyed through backcrossing of the recombinant inbreds and by progeny test. Until the 
BC 2 F 2 generation, a total of 8 lines, which obviously showed monogenic segregation within the 
respective progenies in which a single QTL was involved, were obtained. All of the long-grain alleles at 
the isolated QTLs were recessive to the short-grain alleles. The process of isolation of 2 different QTLs 
was described in detail as an example of the strategy adopted in this study. These isolines for isolated 
QTLs should contribute significantly not only to the characterization of individual QTLs and their 
combinations but also to breeding programs as gene sources to be used directly. 

Discipline: Plant breeding 

Additional key words: gene action, near-isogenic line, progeny test, recombinant inbred line 
!~ 14 ): Click here for References 

Introduction 

Most of the agronomic traits exhibit continuous variations in populations consisting of different 
genotypes, like genetically segregating populations after crossing. These traits are referred to as 
quantitative traits, and their genetic control is attributed to a number of loci which are designated as 
quantitative trait loci (QTLs), or polygenes. Generally, each of the QTLs is assumed to affect the trait 
cumulatively and less dominantly compared with non-genetic factors. As a result, it is very difficult to 
evaluate QTLs individually for their locations along chromosomes as well as their gene actions and 
interactions. 

Some efforts have been made to localize the individual QTLs along chromosomes by detecting linkage 
relationships between QTLs and some suitable genetic markers 7 ’ 11 )- Recent advances in molecular 
biology have provided many kinds of molecular markers which can cover all the chromosomes with a 
high density. Using these high-resolution molecular linkage maps with an adequate software, a large 
number of QTLs controlling various complex agronomic characters have been located in limited 
chromosomal regions in many crops 1,10). Several kinds of software for the QTL mapping can also 
estimate some of the gene effects for each QTL, the interaction of QTL with the environment, etc., from 
the same mapping population6,12). 

From a plant breeder's standpoint, on the other hand, it is very important to evaluate the gene actions of 
individual QTLs as single Mendelian factors which can actually show monogenic segregation, and not as 
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regions estimated on the linkage map by calculations under some assumptions. To achieve this ki nd of 
QTL evaluation, it is essential to isolate the individual QTLs through recombination and selection. This 
QTL isolation so far has not been sufficiently carried out, because it is a time-consuming procedure. 

In this study special attention was paid to the grain length of rice as an example of quantitative trait, 
because this trait was generally considered to be controlled by a number of QTLs, as well as a single 
major gene, and had agronomic significance in determining the grain size and finally the grain yield in 
this crop. In the current study, then, attempts were made to isolate the individual QTLs causing long 
grain length in a large-grain rice cultivar 'BG T. The final objective is to establish a series of 
near-isogenic lines with long-grain alleles derived from BG 1 at only one QTL and short-grain alleles at 
the other QTLs in relation to grain length. Although this objective has not been fully achieved yet, in this 
paper, the progress made and some of the results obtained are reported. 

Materials and methods 

A rice (Oryza sativa L.) cultivar BG 1 showing an extremely large (long) grain size8) was crossed as a 
female parent with a cultivar 'Koshihikari' showing a small (short) grain size (or a standard grain size in 
Japanese cultivars). Fifty F 2 -derived Fs progeny lines, which corresponded nearly to a set of recombinant 
inbred lines, were developed by the single-seed descent method from randomly selected F 2 plants of this 
cross-combination. In the F 5 population, several recombinant inbred lines showing different grain lengths 
were selected and crossed as a male parent with a cultivar 'Gimbozu' which showed a nearly equal or 
shorter grain length compared with Koshihikari. The crosses between recombinant inbreds and Gimbozu 
aimed at estimating the number of QTLs related to grain length involved in these inbreds. In each F 2 
population of these crosses, F 2 -derived progeny lines were developed from several F 2 plants with 
different grain lengths. Among these F 2 -derived lines, the candidates which seemed to have only one 
QTL carrying the allele for long grain from BG 1 were crossed with Gimbozu recurrently until 
monogenic segregation in grain length was clearly confirmed within the respective progeny lines. 
Allelism test for long grain length was conducted when different lines of interest were obtained in the 
course of the study. 

Grain length of a plant was determined as the average length of 5 unhulled grains collected from the 
basal parts of the 3rd, 4th, and 5th primary branches from the top of a typical panicle of this plant. The 
length of an unhulled grain was measured as the distance between the top of the apiculus except for awn 
and the bottom of the glume up to the Fs generation after the crossing of BG 1/Koshihikari. From the Fi 

generation of the crosses between recombinant inbreds and Gimbozu, the distance between the base of 
the apiculus and the bottom of the palea was defined as grain length. 


ontinue to: Results and discussion 
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Results and discussion 

Fig. 1 shows the changes in the frequency distribution for grain length with generation advancement 

after the crossing of BG 1/Koshihikari. In the F 2 and F 3 .. . • , .. 

& generations, typical continuous distributions were 

observed for this trait, indicating that the genetic difference in grain length between these 2 parents was 
due to a number of QTLs and not to a single locus. In the F 4 and Fs generations, on the other hand, 
several peaks emerged in the distribution, resulting in a multimodal distribution. In addition, several 
F 2 -derived lines appeared to show within-family segregation in a monogenic manner in the F 3 and F4 
generations (data not shown). This monogenic-like segregation within a derived line had already been 
observed by Takita 9 ^ ' n mater ials. In all the generations, no plant exhibited extreme transgressive 
segregation beyond the range between the 2 parents. 

Fig.l: Frequency distribution of grain length in F 2 , Fx, F4, and Fs populations from the cross ofBG 

1/Koshihikari, developed by the single-seed descent method (23 KB) 

These results suggest that every QTL for grain length converged into either of the parental genotypes, a 
large-grain homozygote (BG 1 type) or a short-grain homozygote (Koshihikari type). The population 
thus consisted of several and not numerous kinds of recombinant homozygotes showing different grain 
lengths by F 4 and Fs generations. Among these homozygotes, there were genotypes where only one or a 
few QTLs carried the alleles for long grain derived from BG 1. Several recombinant inbred lines with 
different grain lengths were selected and crossed with a cultivar Gimbozu to estimate the number of 
QTLs carrying the long-grain allele in their genotypes and to initiate backcrossing. The use of Gimbozu 
instead of Koshihikari as a recurrent parent aimed at comparing other kinds of near-isogenic lines 
involving major genes for long grain under the same background as that of Gimbozu4). As an example of 
the following processes, the progenies of the cross between Gimbozu and a recombinant inbred T34 are 
described hereafter. 

A part of Fig. 2 shows the distribution of grain length in the F2 population of Gimbozu/T34. Apparently, 
a bimodal-like distribution was observed in this population, in contrast with the distribution in the F 2 
population of BG 1/Koshihikari (Fig. 1) . A total of 20 F 2 plants with different grain lengths was selected 
and F 2 -derived F 3 progeny lines were developed for the progeny test of grain length. The other part of 
Fig. 2 shows the distributions in 7 F 3 lines out of 20, as examples. In this figure, several types of F 3 lines 
could be distinguished: non-segregating lines whose single modes of grain length were similar to that of 
either of the parents, Gimbozu (line a in Fig. 2) or T34 (g); non-segregating lines whose single modes 
showed either of the 2 intermediates between the 2 parents (c and e ); and segregating lines which showed 
discontinuous distributions with 2 modes or more ( b , d, and f). In the segregating F3 lines, each of the 
modes in the distribution roughly corresponded to one of the modes of the parents and intermediates. 

Fig. 2: Frequency distribution of grain length in the F 2 population and F 2 -derived F3 lines from the 

cross of Gimbozu/T34 (a recombinant inbred from BGl/Koshihikari)(23 KB) 

These results imply that a recombinant inbred line T34 received the alleles for long grain from BG 1 at 2 
different QTLs, and the alleles for short grain from Koshihikari at the other QTLs. Each of the F 2 -derived 
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F 3 lines showing an intermediate grain length, i.e. line c and line e in Fig. 2 , should have either of the 2 
QTLs as above where the long-grain allele from BG 1 occurred under a homozygous condition, whereas 
the segregating lines, lines b, d, and f, had these QTLs under heterozygous conditions. These lines of 
intermediate grain lengths, therefore, might indeed be the final objectives in this study. After checking 
homozygosity for grain length in the F 4 generation, each F 4 progeny of these lines was crossed as a 
female donor parent with Gimbozu. 

Fig. 3 shows the segregation of grain length in the BC 1 F 2 populations (Gimbozu/T34//Gimbozu). The 
donor parents of the populations depicted in Fig. 3-a and -b were the progenies of line c and line e shown 
in Fig. 2, respectively. Obviously, a bimodal distribution in grain length was observed in each 
population. In Fig. 3 the results of the progeny test using BCIF 3 families derived from individual BC 1 F 2 
plants were superimposed. The ratio of the short-grain, segregating, and long-grain families fitted well to 
the expected ratio of 1:2:1 (* 2 = *' 51 31,(1 °' 08 ” Fi S' 3 ' a ' b ' respectively). The range of grain 

length of the short-grain group considerably overlapped with the range of Gimbozu in each population. 
These results strongly suggest that in both populations only one QTL should be involved in the 
segregation of grain length, and the short-grain allele at this QTL was dominant over the long-grain 
allele. Consequently, it is concluded that, in the long-grain segregants of each BC^ p 0 p U i at j 0n a s i n g] e 

QTL should be isolated as a monogenically segregating factor from a number of QTLs causing long 
grain in BG 1. In each population, one of these segregants was subjected to successive recurrent 
backcrossings with Gimbozu, and also to allelism tests between these 2 QTLs. 

Fig. 3: Frequency distribution of grain length in the BClF 2 populations (Gimbozu/T34//Gimbozu)(21 

KB) 

Fig. 4 shows the segregation of grain length in the BC 2 F 2 populations. Apparently, typical monogenic 

segregation with a ratio of 3 short- to 1 long-grain group was observed (=% 2 1-^3 and 0.01 in Fig. 4 a 
and -b, respectively), confirming that only one QTL carried the recessive allele for long grain in the 
long-grain segregants in each population. The average grain length of the long-grain group in Fig. 4-a 
was obviously shorter than that of the long-grain group in Fig. 4-b. Also, as observed in Fig. 2 , the 
average grain length of line c, was shorter than that of line e. These results suggest that in the 2 isolated 
QTLs gene expression showed different magnitudes. 

Fig. 4: Frequency distribution of grain length in the BC 2 F 2 populations (Gimbozu/T34//2*Gimbozu) 

(13 KB) 

Fig. 5 shows the results of the allelism test between the 2 isolated QTLs as indicated above, where a 
continuous distribution with a wide range was observed in this F2 population, although no transgressive 
segregant in the direction of shorter grain length was recorded. The results of the allelism test confirmed 
that the 2 isolated QTLs for long grain were different from each other. The isolated QTLs in the 
populations shown in Fig. 4-a and -b were, thus, tentatively designated as 'QTL-A' and 'QTL-B', 
respectively. As shown in Fig. 5, there were many transgressive segregants beyond the grain length of 
the parent with longer grain (a long-grain segregant shown in Fig. 3-b) which should include the QTL-B. 
This fact indicates that QTL-A and QTL-B induced long grain in an additive manner. Hence, the genetic 
variation of grain length depicted in Fig. 5, and also in Fig. 2, might be attributed mainly to the 
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segregation in QTL-B and partly to that in QTL-A. 

Fig. 5: Frequency distribution of grain length in the F 2 population from the cross between a 

long-grain segregant of BCiF 2 shown in Fig. 3-a and that in Fig. 3-b (13 KB) 


Until the BC 2 F 2 generation, 6 QTLs for long grain were isolated besides the QTL-A and QTL-B via other 
recombinant inbreds than T34, although allelism test among them has not been completed. In all of the 
isolated QTLs, the short-grain alleles were dominant over the corresponding long-grain alleles. Kato3) 
conducted a diallel analysis of rice grain length using 6 cultivars including BG 1 and Koshihikari, the 
parents of the progenies used in this study. In this analysis, the genes conferring long grain were 
considered to be recessive, and BG 1 and Koshihikari were assigned to a completely recessive parent and 
a completely dominant parent, respectively. These results from the diallel analysis agreed well with the 
present results. 


A series of isolines involving every single QTL, the final objective of the attempt as described above, 
corresponded to the "substitution lines" for chromosomal regions which are expected to be a very 
suitable tool for analyzing QTL action and locations, 13). In rice, several QTLs related to heading datel3) 
and one QTL related to grain width2) had already been isolated as a form of near-isogenic lines through 
backcrossing by monitoring the graphical genotypes of the progenies. The actions and interactions were 
evaluated also for the QTLs of heading date using these isolines 14). The present attempt will be 
continued until every QTL causing long grain, at least with sufficient gene action to be detected, is 
isolated. The tagging of individual QTLs with molecular markers should certainly facilitate the 
enumeration and handling of the QTLs in this study, whereas the detection of suitable markers has not 
fully progressed because of insufficient polymorphisms among the present materials. In any case, these 
isolines for individual QTLs may raise various issues about the nature of a quantitative trait. In addition, 
plant breeders could directly utilize these materials themselves as gene sources in their breeding 
programs. A larger number of QTLs should be isolated as a monogenic Mendelian factor in various 
agronomic traits for achieving these purposes. 
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Fig. 2. 

Frequency distribution of grain length in the F 2 population and 

F2-derived F3 lines from the cross of Gimbozu/T34 (a recombinant inbred from BG 1/Koshihikari) 
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Fig. 3. 

Frequency distribution of grain length in the 
BC 1 F 2 populations 
(Gimbozu/T3 4//Gimbozu) 

The donor parents of the populations in Fig. 
3-a and -b are the progenies of line c and line 
e in Fig. 2, respectively. 

Open, hatched, and closed segments refer to 
the BC1F2 plants generating the short-grain, 
segregating, and long-grain BC1F3 families, 
respectively. 

* Mean and range of Gimbozu. 
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Fig. 4. 

Frequency distribution of grain length in the BC 2 F 2 populations 
(Gimbozu/T3 4//2Gimbozu) 

The donor parents of the populations in Fig. 4-a and -b are the 
progenies of line c and line e in Fig. 2 , respectively. 

* Mean and range of Gimbozu. 
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Fig. 5. 

Frequency distribution of grain length in the F 2 population from the 
cross between a long-grain segregant of BC 1 F 2 shown 
in Fig. 3-a and that in Fig. 3-b 
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Optimizing the Particle Bombardment Method for 
Efficient Genetic Transformation 

Takashi HAGIO 

Department of Biotechnology, National Institute of Agrobiological Resources 
(Tsukuba, Ibaraki, 305-8602 Japan) 

Abstract 

Particle bombardment method has evolved into a useful tool for biotechnologists, allowing direct gene 
transfer to a broad range of cells and tissues over the past several years. Some of the important 
applications of the process include the production of fertile transgenic crops including maize, soybean, 
rice, wheat, barley, sorghum, etc. Recent results have extended the range of gene transfer to animal and 
bacterial cells. In this article the method of particle bombardment is reviewed and discussed, and 
practical suggestions for improving transformation efficiency are presented. 

Discipline: Biotechnology 

Additional key words: biolistic, particle gun, direct gene transfer 
1 ~ 49 ): Click here for References 

Introduction to particle bombardment method 

Particle bombardment method which is one of the technologies for introducing foreign genes into cells 
was developed by John Sanford and co-workers 23 ’ 37 ) at Cornell University in the United States. This 
technique involves accelerating DNA-coated particles (microprojectiles) directly into intact tissues or 
cells. The research was conducted with a view to avoiding the host-range restrictions of Agrobacterium 
tumefaciens, and the regeneration problems of protoplast transformation. 

In the early system, DNA-coated tungsten powder (spherical particles 4 JZ m in diameter) was placed, as 
a suspension in a small aqueous volume, at the front end of a bullet-like plastic macroprojectile (Fig. 1) . 
The macroprojectile was accelerated by a gunpowder charge. Upon impact with a plastic stopping plate 
at the end of the acceleration tube, the macroprojectile extruded through a small orifice. This extrusion 
further accelerated the microprojectiles. Although the gunpowder model was found to be successful for 
genetic transformation of various plant species in several laboratories, lack of control over the power of 
the bombardment as well as physical damage to target cells limited the number of stable 
transformations22, 37). 

Fig.l: Schematic diagrams of the gunpowder-driven particle gun developed by Klein et al.25) (18KB) 

The current model, PDS-1000/HeTM, which is now marketed by BIO RAD Laboratories, represents a 
significant technical improvement over the gunpowder device. The basic design was developed by 
Sanford et al.37). The PDS-1000/HeTM device is powered by a burst of helium gas that accelerates a 
macrocarrier, upon which millions of DNA-coated microcarriers have been dried (Figs. 2 and 3) . 
Compared to the gunpowder device, it is cleaner and safer, allows better control over bombardment 
parameter, distributes microcarriers more uniformly over target cells, is more gentle to target cells, is 
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more consistent from bombardment to bombardment, and yields several fold more transformations in the 
species tested22). 

Fig.2: Schematic diagrams o f the helium-driven particle gum(from the catalog of BIO RAD 

PDS-1000/HeTM) (14 KB) 

Fig.3 Helium-driven particle gun (BIO RAD PDS-1000/HeTM)(15 KB) 

Sanford et al.38) suggested the term " biolistic" which is a coined word derived from "biological and 
ballistic", though the terms particle gun or particle bombardment are becoming generic terms. This 
method has also been called the microprojectile bombardment method, the gene gun method, the particle 
acceleration method, etc. Therefore, one must pay attention to the choice of key words when searching 
for literature. 

Since the development of the first particle bombardment system, several different types of bombardment 
devices have been developed, including an electrically triggered discharge gun29), pneumatic particle 
guns32), helium, nitrogen and carbon dioxide-powered devicesl3,43) and a micro-targeting gun39). These 
devices have been developed toward the same goals: more simplicity, safety, accuracy, and a lower cost 
for DNA delivery5). The basic principle of all these devices is the same as that originally developed by 
Sanford and co-workers23,25,37). 

This method was originally developed as a means of delivering foreign genes into the nuclear genome of 
higher plants and successful transformation of a wide range of tissues in a wide range of plant species 
was reported (Table 1) . Tested plant tissues include cell suspensions, calli, immature embryos, 
microspores, etc. Transformed species include those for which transformation was otherwise impossible 
or very difficult. 

Table 1: Production of transgenic plants by particle bombardment (focused mainly on cereals) (46 

KB) 

This method has also been found to be effective in microbial species, including Bacillus megaterium, 
Pseudomonas syringae, Agrobacterium tumefaciens, Erwinia amylovora, Escherichia coli, etc.38). It first 
made possible the transformation of organelles. Chloroplasts of Chlamydomonas3 ) and mitochondria of 
yeast and Chlamydomonas2\) can be transformed. In 1990, Svab et al.42) reported the transformation of 
animal cells using particle bombardment. 

In 1996, the advanced design of the hand-held particle gun was released in the U.S.A. It has become 
commercially available in Japan since March 1997. This device called "HeliosTM Gene Gun System" is 
marketed by BIO RAD (Fig. 4) . In contrast to the conventional particle guns where the overall size of the 
target to be transformed is limited by the size of the chamber and the target tissue is subject to a vacuum 
during bombardment, the new device does not require vacuum and any target accessible to the barrel can 
be transformed. It may be used in a much wider variety of gene transfer applications and provides a tool 
for both in vitro and in vivo transformations. 

Fig.4: Hand-held particle gun (BIO RAD HeliosTM Gene Gun System) (16KB) 

In this article the method of particle bombardment is reviewed and discussed, and practical suggestions 
for improving transformation efficiency are presented. Most of the discussion will relate to BIO RAD 
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PDS-1000/HeTM which was developed by Sanford et al.23,37) and is most widely used in the world. Basic 
principle of the particle bombardment method is the same regardless of the device used. 


dk 


ontinue to : Characteristics of the method 


ack to : Contents 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/hagio/hagio.htm (3 of 3) [10/7/2002 9:24:24 PM] 




References 


ack to the first 


page 


1) Altpeter, F. et al. (1996): Accelerated production of transgenic wheat ( Triticum aestivum L.) plants. 
Plant Cell Rep., 16, 12-17. 

2) Bower, R. & Birch, R. (1992): Transgenic sugarcane plants via microprojectile bombardment. Plant 
J., 2, 409-416. 

3) Boynton, J. E. et al. (1988): Chloroplast transformation in Chlamydomonas with high velocity 
microprojectiles. Science, 240, 1534-1538. 

4) Brar, G. S. et al. (1994): Recovery of transgenic peanut ( Arachis hypogaea L.) plants from elite 
cultivars utilizing ACCL technology. Plant J., 5, 745-753. 

5) Brown, D. et al. (1994): Development of a simple bombardment device for gene transfer into plant 
cells. Plant Cell Tissue Organ Culture, 37, 47-53. 

6) Cabrera-Ponce, J. L. et al. (1997): An efficient particle bombardment system for the genetic 
transformation of asparagus ( Asparagus officinalis L.). Plant Cell Rep., 16, 255-260. 

7) Cao, J. et al. (1992): Regeneration of herbicide resistant transgenic rice plants following 
microprojectile-mediated transformation of suspension culture cells. Plant Cell Rep., 11, 586-591. 

8) Casas, A. M. et al. (1993): Transgenic sorghum plants via microprojectile bombardment. Proc. Natl. 
Acad. Sci. USA, 90, 11212-11216. 

9) Casas, A. M. et al. (1995): Cereal transformation through particle bombardment. Plant Breed. Rev., 

13, 235-264. 

10) Christou, P. et al. (1991): Production of transgenic rice ( Oryza sativa L.) plants from agronomically 
important indica and japonica varieties via electric discharge particle acceleration of exogenous DNA 
into immature zygotic embryos. Bio/Technology, 9, 957-962. 

11) Christou, P. (1992): Genetic transformation of crop plants using microprojectile bombardment. Plant 
J., 2, 275-281. 

12) Ellis, D. D. et al. (1993): Stable transformation of Picea glauca by particle acceleration. 
Bio/Technology, 11, 84-89. 

13) Finer, J. J. et al. (1992): Development of particle inflow gun for DNA delivery to plant cells. Plant 
Cell Rep., 11,323-328. 

14) Fitch, M. et al. (1990): Stable transformation of papaya via microprojectile bombardment. Plant Cell 
Rep., 9,189-194. 

15) Fromm, M. E. et al. (1990): Inheritance and expression of chimeric gene in the progeny of transgenic 
maize plants. Bio/Technology, 8 , 796-839. 

16) Gordon-Kamm, W. et al. (1990): Transformation of maize cells and regeneration of fertile transgenic 
plants. Plant Cell, 2, 603-618. 

17) Hagio, T. et al. (1995): Production of fertile transgenic barley (Hordeum vulgare L.) plant using the 
hygromycin-resistance marker. Plant Cell Rep., 14, 329-334. 

18) Hagio, T. et al. (1996): Transgenic sorghum plants produced by particle bombardment using 
hygromycin-resistance marker. In Abst. 2nd Asia-Pacific conference on plant cell and tissue culture, July 
28-August 1, 1996, Beijing, China, 122. 

19) Hagio, T. et al. (1997): Production of transgenic barley plants resistant to barley mild mosaic virus by 
particle bombardment. /. Soc. In Vitro Biol., 33-11, 68. 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/hagio/ref2.htm (1 of 3) [10/7/2002 9:24:25 PM] 



20) June, A. et al. (1994): Regeneration of transgenic, microspore-derived, fertile barley. Theor. Appl. 
Genet., 89, 525-533. 

21 ) Johnston, S. A. et al. (1988): Mitochondrial transformation in yeast by bombardment with 
microprojectiles. Science, 240, 1538-1541. 

22) Kikkert, J. R. (1993): The biolistic PDS-1000/He device. Plant Cell Tissue Organ Culture, 33, 
221-226. 

23) Klein, T. M. et al. (1987): High-velocity microprojectiles for delivering nucleic acids into living 
cells. Nature, 327, 70-72. 

24) Klein, T. M. et al. (1988): Stable genetic transformation of intact Nicotiana cells by the particle 
bombardment process. Proc. Natl. Acad. Sci. USA, 85, 8502-8505. 

25) Klein, T. M. et al. (1992): Transformation of microbes, plants and animals by particle bombardment. 
Bio/Technology, 10, 286-291. 

26) Knittel, N. et al. (1994): Transformation of sunflower ( Helianthus annuus L.); a reliable protocol. 
Plant Cell Rep., 14,81-86. 

27) Kuehnle, A. & Sugii, N. (1992): Transformation of Dendrobium orchid using bombardment of 
protocorms. Plant Cell Rep., 11, 484-488. 

28) Li, L. et al. (1993): An improved rice transformation system using the biolistic method. Plant Cell 
Rep., 12, 250-255. 

29) McCabe, D. E. et al. (1988): Stable transformation of soybean ( Glycine max) by particle acceleration. 
Bio/Technology, 6 , 923-926. 

30) McCown, B. H. et al. (1991): Stable transformation of Populus and incorporation of pest resistance 
by electric discharge particle acceleration. Plant Cell Rep., 9, 590-594. 

31) Nehra, N. S. et al. (1994): Self-fertile transgenic wheat plants regenerated from isolated scutellar 
tissues following microprojectile bombardment with two distinct gene constructs. Plant J., 5, 285-297. 

32) Oard, J. H. et al. (1990): Transient gene expression in maize, rice, and wheat cells using an airgun 
apparatus. Plant Physiol., 92, 334-339. 

33) Pereira, L. F. & Erickson, L. (1995): Stable transformation of alfalfa (Medicago sativa L.) by particle 
bombardment. Plant Cell Rep., 14, 290-293. 

34) Potrykus, I. (1990): Gene transfer to cereals : an assessment. Bio/Technology, 8 , 535-542. 

35) Ritala, A. et al. (1994): Fertile transgenic barley by particle bombardment of immature embryos. 
Plant Mol. Biol., 24, 317-325. 

36) Russell, D. R. et al. (1993): Stable transformation of Phaseolus vulgaris via electric-discharge 
mediated particle acceleration. Plant Cell Rep., 12, 165-169. 

37) Sanford, J. C. (1990): Biolistic plant transformation. Physiologica Plantarum, 79, 206-209. 

38) Sanford, J. C. et al. (1993): Optimizing the biolistic process for different biological applications. 
Methods in Enzymology, 217, 483-509. 

39) Sautter, C. (1993): Development of a microtargeting device for particle bombardment of plant 
meristems. Plant Cell Tissue Organ Culture, 33, 251-257. 

40) Serres, R. et al. (1992): Gene transfer using electric discharge particle bombardment and recovery of 
transformed cranberry plants. J. Amer. Hort. Sci., 117, 174-180. 

41) Somers, D. A. et al. (1992): Fertile, transgenic oat plants. Bio/Technology, 10, 1589-1594. 

42) Svab, Z. et al. (1990): Stable transformation of plastids in higher plants. Proc. Natl. Acad. Sci. USA, 
87, 8526-8530. 

43) Vain, P. et al. (1993): Development of the particle inflow gun. Plant Cell Tissue Organ Culture, 33, 
237-246. 

44) Vain, P. et al. (1993): Osmotic treatment enhances particle bombardment-mediated transient and 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/hagio/ref2.htm (2 of 3) [10/7/2002 9:24:25 PM] 


stable transformation of maize. Plant Cell Rep., 12, 84-88. 

45) Vasil, V. et al. (1992): Herbicide resistant fertile transgenic wheat plants obtained by microprojectile 
bombardment of regenerable embryogenic callus. Bio/Technology, 10, 661-61 A. 

46) Wan, Y. & Lemaux, P. G. (1994): Generation of large numbers of independently transformed fertile 
barley plants. Plant Physiol., 104, 37-48. 

47) Weeks, J. T. et al. (1993): Rapid production of multiple independent lines of fertile transgenic wheat 
(Triticum aestivum). Plant Physiol., 102, 1077-1084. 

48) Ye, X. et al. (1997): Transgenic Italian ryegrass {Lolium multiflorum ) plants from microprojectile 
bombardment of embryogenic suspension cells. Plant Cell Rep., 16, 379-384. 

49) Zhong, H. et al. (1993): Transgenic plants of turf grass ( Agrostis palustris Huds.) from 
microprojectile bombardment of embryogenic callus. Plant Cell Rep., 13, 1-6. 

(Received for publication, January 5, 1998) 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/hagio/ref2.htm (3 of 3) [10/7/2002 9:24:25 PM] 


A 



B 



Schematic diagrams for the gunpowder-driven particle gun development by Klein et al. 2 ^) 

A: Before firing, B: After firing, 

1: Firing pin 
2: Gunpowder charge 

3: Macrocarrier(plastic bullet)with microcarriers (tungsten particles) 

4: Acceleration tube 

5: Stopping plate shelf with stopping plate 

6: Stopping plate with extruded macrocarrier (plastic bullet) 

7: Launched microcarriers (tungsten particles) 
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Fig.2. 

Schematic diagrams of the helium-driven particle gun 
(from the catalog of BIO RAD PDS-1000/He™) 
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Table 1 


Table 1. 


Production of transgenic plants by particle bombardment (focused mainly on cereals) 


Plant 

Target 

Gene 

Reference 

Tobacco 

StUptEUHHI cell 

Gus'K nptll*' 

24) 

Soybean 

Embryonic u« 

Gus, nptll 

29) 

Papaya 

Immature embryo, etc. 

GuS. nptll 

14J 

Mute 

Callus, Suspension tel) 

Gus. bar ^ 

m 

Maize 

Suspension cell 

Gas, for 

lb) 

Pcpulus 

Protoplast-derived cell 

Gas, BT dh 

M) 

Cranberry 

Stem section 

Gus, nptll j BT 

40) 

Rice 

immature embryo 

Gus, for 

10) 

Ri« 

Suspension tell 

for 

7) 

Rice 

Immature embryo 

Gus, hpt V 

2B) 

5uK4icane 

Callus 

Gus, nptU 
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Dtniirobium orchid 

PrtKGCorm 

npllf, virus CP 15 
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Oal 

Suspension cell 

Gus, for 

41) 

Wheal 

Callus 

Gus , bar 

«> 

wheat 

Immature embryo 

Gus, for 
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Wheat 

Scuiellflj tissue 

Gus, her 

31) 

Wheat 

Immature embryo 

Gus, for 

l) 

Phtt¥ulgare 

Seed mtristem 

Gus, for 

m 

TurfgrfcB 

Callus 

GUS 

m 

Picta gleu is 

SomaLie embryo 

Gus, nptll 

12) 

Sorghum 

Immature embryo 

Gus, bar 

*) 

Sorghum 

Immature embryo 

Gus, hpt 

m 

Peanul 

Embryo am 

Glut. bar. virus CP 

4) 

Sunflower 

Shoot 4pkes 
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Barley 
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Barley 

Immature embryo 
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Microspore 
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Alfalfa 
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(juSj nptll 


Italian ryegrass 

Suspension cell 

Gus, hpt 

<*> I 

Ascaragus 

Callus 
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* | 


a): Gus\ -Glucuronidase, b): nptll; Neomycin phosphotransferase II, 

c): bar, (PAT) Phosphinothricin acetyl transferase, d): BT; Bacillus thuringiensis, 

e): hpf, Hygromycin phosphotransferase, f): CP; Coat protein. 
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Hand-held particle gun (BIO RAD Helios™ Gene Gun System) 

Rice leaves are bombarded. The lid of the plastic petri dish is placed 
behind the leaves to prevent them from being blown. 
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Characteristics of the method 

This method has become the second most widely used vehicle for plant genetic transformation after 
Agrobacterium- mediated transformation 9 )- The number of researchers using particle gun has been 
increasing in spite of the availability of protoplast transformation because the protoplast-to-plant method 
of obtaining transgenic plants is laborious and time-consuming9). 

This method of genetic transformation offers both advantages and disadvantages over Agrobacterium or 
protoplast-mediated transformation as follows. 

1) Advantages 

(1) Almost any kinds of cells or tissues can be treated. 

(2) Device operation is easy. 

Transformation protocols are simplified. A large number of samples can be treated within a short time by 
technicians once the method has been routinized by researchers. 

(3) Plasmid construction is simplified. 

DNA sequences essential for T-DNA replication and transfer in Agrobacterium are not required. 
Furthermore, the introduction of multiple plasmids (co-transformation) is routinely accomplished. 

(4) False positive results arising from the growth of Agrobacterium in host tissues are eliminated. 

(5) Small amount of plasmid DNA is required. Only 0.8 fi | g DNA is required for one bombardment in 
BIO RAD PDS-1000/HeTM. 

(6) Transient gene expression can be examined within a few days. 

It is conveniently used for evaluating transient expression of different gene constructs in intact tissues. 

2) Disadvantages 

(1) Generally, transformation efficiency is still low. 

Even though this method has become one of the most widely used vehicles for plant genetic 
transformation, transformation frequency is still low compared with Agrobacterium-mediated or 
protoplast transformation. 

(2) Consumable items are expensive in some models. 

The cost of one bombardment is 260 yen in the case of BIO RAD PDS-1000/HeTM using standard 
pressure kit (130,000 yen for 500 bombardments). 

(3) One must consider patent royalty in commercial use. 

This is a very delicate and complicated issue. One should consult with a specialist in patent issues. 
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Basic operation of the device 

BIO RAD PDS-1000/HeTM is routinely used in our laboratory. The protocol we currently use to prepare 
DNA-coated microcarrier (tungsten or gold particles) is as follows. The method is generally applied by 
following the instruction manual but some modifications were made by the author to enhance the 
transformation efficiency. This is one of the most important sources of variation affecting the 
transformation efficiency38). One should strive to make the precipitation reaction mixture as 
homogeneous and reproducible as possible. 

(1) Vortex the microcarrier suspension prepared in 50% glycerol (60 mg/mL) for at least 5 min on a 
platform vortex (Fig. 5) to resuspend and disrupt agglomerated particles .. Fig.5: Platform vortexTM (23 
KB) 

(2) Remove 5 // L (3 mg) of microcarrier suspension and put it into a 1.5 mL microfuge tube. 

It is important to vortex the tube containing the microcarriers continuously in order to maximize uniform 
sampling. In the previous manual, it was recommended that particles be sonicated to maximize uniform 
sampling. From the author's experience this is not beneficial and under certain conditions can make 
particle agglomeration worse rather than better, especially when gold particles are used. 

(3) While vortexing vigorously, add in order: 

5 Jl L DNA (1 [L g/ [L L), 

50 // L CaC12 (2.5 M), 

20 // L spermidine (free-base, 0.1 M). 

(4) Continue vortexing for 3 min. 

(5) Allow the microcarriers to settle for 3 min. 

(6) Pellet microcarriers by spinning 2 sec in a micro-centrifuge, (approx. 5,000 rpm) 

(7) Remove liquid and discard. 

(8) Add 150 //jL of 70 % ethanol without disturbing the pellet. 

(9) Remove liquid and discard. 

(10) Add 150 // L of 100 % ethanol without disturbing the pellet. 99.5 % ethanol can also be used. 

(11) Remove liquid and discard. 

(12) Add 55 - 60 // L of 100 % ethanol. 99.5 % ethanol can also be used. 

(13) Resuspend the pellet by tapping the side of the tube. 

(14) Remove 6 // L aliquots of microcarriers and transfer them to the center of a macrocarrier. 

Spread microcarriers over the central 1 cm of the macrocarrier (Fig. 6) . 

Wait until microcarriers dry. 

Fig. 6: Coating mirocarriers (DNA-coated particles) over a macrocarrier. (13 KB) 

If fewer bombardments are needed, prepare enough microcarriers for 3 bombardments by reducing all 
volumes by one-half. 

The operation of the device is as follows. The method is generally applied by following the instruction 
manual but some modifications were also made by the author. Regardless of the apparatus used the basic 
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principle of how to bombard the target is the same. 

(1) Turn on the vacuum pump and the power switch. 

(2) Set the helium regulator roughly at 200 psi above the selected rupture disk. 

(3) Load the rupture disk. 

(4) Load the stopping screen. 

(5) Load the microcarrier assembly. 

(6) Place the target cells or tissue. 

(7) Press the VAC switch. 

(8) When the vacuum gauge registers the desired vacuum level (above 27.5), put the VAC switch on the 
HOLD position. 

(9) Turn off the vacuum pump to prevent overheating. 

(10) Keep pressing the FIRE button until the rupture disk automatically bursts. 

(11) After the bombardment is completed, put the VAC switch on the VENT position. 

(12) Remove the sample. 

(13) Remove the microcarrier assembly. Stopping screen may be used a few more times. 

(14) Remove the rupture disk. If you continue the work, repeat the process from (3). 

(15) Clean the chamber with 70% ethanol. 

(16) Close the valve of helium tank. 

(17) Release the helium from the device. 

(18) Turn off the power switch. 
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Fig.5. Platform vortex TX 

Tubes must be shaken on the platform vortexTM while adding microcarriers 
(tungsten or gold particles), DNA, and other solutions. 
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Fig.6. 

Coating microcarriers (DNA-coated particles) over a macrocarrier 

Six ML aliquots of microcarriers are being transferred to the 
center of the macrocarrier. 

Once needs some practice to obtain uniform coating. 
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Improvement of the method for more efficient gene transfer 

In some research articles the authors stated that "Particle bombardment is an efficient method for 
delivery of DNA into plant cells. This method is especially beneficial for those plants which appear to be 
a poor host for Agrobacterium."5), "Particle bombardment offers a rapid method for delivery of DNA to 
plant cells for both transient gene expression and stable transformation studies." 13), or "These advances 
have given us the opportunity to create, characterize and select plant cultivars which could not be 
obtained by traditional breeding methods." 11). 

Although such optimism is understandable and gives a reader hopes for the future, my experience in 
working towards genetic transformation using particle gun convinces me that we still have problems to 
overcome. Success requires more than occasional gene transfer into experimentally well-suited varieties 
of some species. It requires routine and efficient gene transfer into any desired variety of any species34). 

Some suggestions for improving transformation efficiency which are presented below are based on our 
accumulated experience and are still more empirical than scientific, in the author's laboratory. 

(1) Water: 

Use autoclaved ultra pure water when preparing buffers and solutions. 

(2) Spermidine: 

After adjusting the concentration to 0.1 M, pour the solution into 1.5 mL microcentrifuge tubes. Keep 
them in a deep freezer (- 80oC). At the start, when the solution is being used, keep the tube in an ordinary 
freezer (- 20oC) and finish using it within 2 weeks. Discard it even if some solution is left after 2 weeks. 

(3) Ethanol: 

Use fresh ethanol. When using 70% ethanol, prepare it just before the experiment. Absolute ethanol is 
better than commercially available 99.5% ethanol. Molecular sieve(SIGMA, M-9882) is recommended 
to absorb water in ethanol. 

(4) Particle wash: 

Remove the supernatant as much as possible. After the second wash with absolute ethanol, one more 
ethanol wash is recommended to remove the residues of spermidine and water. Once particles have been 
coated with DNA they should be used as soon as possible. 

(5) Centrifuge: 

The particles must be gently pelleted. Lower speed is recommended (3,000-5,000 rpm for 1-2 sec is 
enough). Higher speed enhances particle agglomeration. 

(6) Plasmid DNA: 

Plasmid DNA must be very pure. Do not use the sample containing RNA sometimes derived from 
miniprep extraction method. 

(7) Carrier DNA: 

Do not use carrier DNA. Carrier DNA is often used in electroporation of protoplasts but carrier DNA is 
also absorbed by the particles. 
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(8) Microcarrier (particle) coating on the macrocarrier: 

Uniform coating is very important. For more reproducible coating procedures one needs some practice to 
master the uniform coating method. DNA-coated macrocarrier should be used within 2 h. 

(9) Osmoticum (Osmotic treatment): 

Addition of an osmoticum (mannitol or sorbitol) to the bombardment medium increases the rates of 
transient and stable transformation 44). The author has observed that this holds true for some plant 
species, although the optimum concentration for each species varies. Increased osmoticum 
concentrations may enable to protect the cells from leakage and bursting, and may also improve particle 
penetration itself. The optimum osmotic concentration for tobacco BY-2 cell is approximately 0.4-0.5 M 
mannitol, however, the cells grow slowly. 

(10) Routinize: 

Operation of the particle gun device itself is easy. The method can be routinized once the researcher sets 
up the bombardment parameters. 

(11) Bombardment of the sample in which there are no references about the bombardment parameters: 
The following conditions are applied in the author's laboratory. 

Microcarrier : 1.6 /I m gold particles. 

Target position : 9 cm from the stopping screen to the target cells or tissues. 

Helium gas pressure : 1,100 psi and 1,300 psi. 

Bombardment time : 2 times per sample. 

Promoter gene : Dicot; 35 S, 

Monocot; 35 S, Adh, or rice actin. 

Reporter gene : Gus. 

If there are no blue spots, another method of gene transfer or construction of the new promoter suited to 
the sample is strongly recommended. If there are one or more blue spots, it is suggested that the 
experiment should be continued to identify optimum conditions. 

Conclusion 

It is not necessary to rely on the particle bombardment method if Agrobacterium or a protoplast 
transformation system is available because the transformation frequency of particle bombardment is still 
low. The method is sometimes too labor-intensive and rather expensive to obtain large numbers of 
independently transformed plants. 

The author considers that the protoplast transformation system is most appropriate. The advantage of 
isolated protoplasts is that they represent a true single cell system because each protoplast is completely 
separated from other cells and gene transfer can be performed by a relatively simple method without 
using specialized equipment like a particle gun. An electroporator device is easily constructed and is also 
commercially available. The PEG method does not require any special device. 

Particle bombardment is certainly not a panacea. There are still major technical and scientific obstacles 
that need to be overcome in order to bring the technology to its full potentialll). However, in the past few 
years the author learned a great deal about how to make the process more effective. Some research 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/hagio/hagio3.htm (2 of 3) [10/7/2002 9:24:40 PM] 


groups including ours are still trying to determine how to optimize the process with its diverse fields of 
application. 


In the near future this method will become a tool for wider application of molecular and genetic 
approaches to crop improvement. 
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Abstract 

Though there are some drawbacks in the design of this rice culture system, the results showed that these 
can be alleviated. The culture system was set up in a glass greenhouse to avoid yield loss due to typhoon 
and heavy rain which led to an inadequate amount of solar radiation even during the summer. Inclining 
the seeding bed southwards at 30° did not enable to improve the light absorption. Some favorable aspects 
of this fog culture system, however, are worth considering. Subsoil water temperature particularly in 
winter became more manageable. Carbon dioxide concentration in a particular growth phase could be 
enhanced. Nutrients could be replenished in the most suitable growing period and with the most 
appropriate amount. The oxygen supply to the root system was provided adequately during atomization. 
With all these advantages, year-round production increased 3 times or more due to the absence of 
seasonal effect. This experiment also indicated that the apparent photosynthetic rate could be enhanced 
by increasing the amount of insolation and solar energy conversion. This should certainly exert a 
beneficial effect on the panicle number, ripening efficiency and grain-straw ratio or total grain yield in 
general. Lastly, our group aims at redesigning the set-up in order to increase the production. In Japan, we 
are focusing on a stable, high-yielding and automatic year-round rice production while aiming at the 
same time at preserving the environment by reducing the consumption of expendable energy. To some 
extent, this study provides a basis for the development of a technology for desert or arid areas and 
subfrigid zones to increase productivity. 

Discipline: Crop production/Agricultural facilities 

Additional key words: apparent photosynthetic rate, grain-straw ratio, root system, solar radiation 
1-9): Click here for References 

Introduction 

More than half of the 5.8 billion world population is eating rice as staple food. Though rice is usually 
produced in the tropical zone, Japan has been cultivating rice which is genetically resistant to cold 
temperature. Moreover, through recent varietal improvement studies, high-yielding cultivars with good 
quality have been developed. Nowadays, among the rice-producing countries, Japan is considered to be 
the world's northernmost area. 

With the progress in farming technology and varietal improvement, Japanese rice can now withstand 
cold weather injury2,4). The cold summer in 1993 caused the greatest postwar rice shortage in Japan 
which led to emergency rice importation. Another factor which is a cause for concern regarding the 
future supply of rice, the staple food in Japan, is the ageing population of rice farmers with no successors 
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to continue rice farming. Recently, for rice culture as well as for the production of other crops, heavy 
input of chemicals and other practices causing environmental pollution have become a global 
problem5,6). 

The objective of this study was to develop a rice culture system that would: 1) minimize yield losses due 
to natural disasters, 2) reduce environmental pollution, and 3) lead to sustainable year-round production. 

This paper reports partial results obtained during several years of research on the development of an 
automatic fog culture system for rice production. 

Automatic fog culture system set-up 

A system similar to that shown in Fig. 1 was set up in a glass greenhouse. The cultivation area was 172 
cm long and 235 cm wide. To obtain satisfactory sunlight penetration within the rice population and 
during the winter season, seeding beds were inclined southwards at 30o. A vinyl chloride culture room 
was constructed inside the glass greenhouse. Room temperature was controlled by an air-conditioner to 
maintain the most suitable temperature for paddy production. A small scale fan was set up over the paddy 
so that the leaves would sway constantly to a certain degree. This ventilation helped to secure a 

satisfactory C0 2 ^jff us j on an( j a ^jgh canopy photosynthetic rate. It was reported that under lowland field 
conditions, root respiratory activity decreases as the paddy develops and reaches the reproductive phase, 

3 

causing a remarkable decrease in yield, mainly due to an inadequate oxygen supply in the rhizosphere 
The special characteristic of our rice fog culture set-up is that the root system is aerated. The nutrient 
solution is atomized intermittently such that the 02 supply is satisfactory and root growth is optimum. 
Plant growth decline due to root rot can be avoided using this culture system. 

Fig.l: Automatic fog culture system (34 KB) 

The composition of the basic nutrient solution (Kasugai A) is shown in Table 1 . The concentration of the 
solution was renewed weekly to compensate the plant nutrient uptake. The nutrient solution temperature, 
pH and EC were monitored regularly. The pH was adjusted automatically with a NaOH solution using a 
peristaltic pump to pH 5.0-5.5 which is the optimum pH for rice. The temperature was maintained at 
25oC. After noting the difference between the daytime and nighttime temperature, the atomization time 
was set to be longer during the daytime. During winter the root space and seedbed temperature were kept 
at 25oC but in the summer planting season the temperature was not regulated. 

Table 1. Kasugai A solution used in this experiment 
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(NH 4 ) 2 S0 4 .188.7 (Unit: mg/L) 

Na 2 HP0 4 .40.0 

CaCl 2 .7.9 

Fe-EDTA.27.4 

MnCl 2 .0.75 

KC1.47.5 

Si0 2 .137.3 

N.40 

P 2 0<.20 

CaO.4 

MgO.6 

K 2 0.30 


Foam styrol beads 5.8 mm in diameter were glued onto the bedding material (STIRODOREN, Mitsubishi 
Chemical BASF Co. Ltd.). With this seeding block, sufficient space is provided between beads so that 
root elongation becomes easier. Seeding holes were bored as shown in Fig. 2. The orientation of the seed 
to the seeding box and the space for tillers are illustrated in Fig. 3 . The sown seeds were covered with 
sand up to a thickness of 1 cm to prevent the emerging seeds from moving upwards due to the pressure 
from the elongating roots. In fact, the permeability of STIRODOREN was quite adequate for the rooting 
of the rice plant (Fig. 4) . Since rice shows intrinsically a high tillering potential, the sowing holes were 
oriented transversally to prevent lodging. After heading, when the translocation of photosynthates to the 
paddy starts, the ear weight becomes heavier and the culm's bending momentum also increases. In the 
present planting system, however, lodging was not observed because the culm was confined within the 
walls of the rectangular seeding hole. Moreover, with this bedding material, hill to hill distance and 
interrow spacing could be manipulated in response to the growth stage such that an optimum leaf area 
index could be obtained. 

Fig.2: Seeding block and seeding hole (16 KB) 

Fig.3: Outline of seeding method (20 KB) 

Fig. 4: Seeding block, STIRODOREN and rooting of rice (33 KB) 

In the tropics, the major activity in rice culture is the transplanting of seedlings in the field. In the current 
system, seeds are sown directly and cultural management is possible from sowing to harvest. Since the 
seedlings do not undergo transplanting injury, the growing period is shorter9). The main advantage of 
hydroponics is that fertilizer management is considerably easier and can be adjusted depending on the 
growth stage such that the plant intrinsic photosynthetic capacity can be enhanced. 

Furthermore, by using fluorescent lamps and a timer, photoperiodism can be regulated and the plant 
growth phase modified. The potential of an automatic year-round production scheme is the most 
remarkable advantage of the current planting system over field cultivation. Fig. 5 illustrates the seeding 
bed after sowing (vinyl chloride sheets removed). The nutrient solution is sprayed on both top and root 
sections. This spraying also supplies the water required by the emerging seeds or seedlings. As the 
seedlings grow, only the underground area is atomized. The time of spraying depends on the elongation 
of the roots such that nutrient absorption is sufficient for plant growth. 

Fig. 5: Seeding bed (18 KB) 
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Materials and methods 


Early season variety (Oryza sativa L. cv. Koshihikari) and standard season variety (O. sativa L. cv. 
Harebare) were used in this fog culture experiment. After seed treatment to hasten germination, both 
varieties were sown at a row spacing of 17 cm and hill distance of 12 cm and 14 cm on March 7, 1992. 
Ordinary tap water was used for the first 6 days before replenishing with the basic nutrient solution 
(Kasugai A) at gradually increasing concentrations of 0.25, 12.5, 25, 50 to 100%. Fig. 6 clearly shows 
the relative concentration of the Kasugai A solution in relation to the plant age. 

Fig.6: Relative concentrations of Kasugai A solution used in fog culture system (20 KB) 


Between March 12 - June 1, illumination was provided by fluorescent lamps for 4 h from 6 pm - 10 pm 
to simulate a long-day environment. Heading was observed on July 10 for Koshihikari, while Harebare 
headed 8 days later. Apparent photo synthetic rate was measured before heading (July 2). Leaf age, plant 
length, tiller number, intemode length, root length, grain yield and yield components were determined at 
the harvest stage on August 24, 1992. 
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Outline of seeding method 
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Fig. 4. 

Seeding block, STIRODOREN and rooting of rice 
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Fig.6. 

Relative concentrations of Kasugai A solution used in fog culture system 
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Results and discussion 

The fluctuations in the maximum, minimum and mean temperatures during the growing period are shown in Fig. 7 . The daily maximum temperature exceeded 
40oC several times. Moreover, in the second half of the growing period, particularly during the ripening stage, a relatively high temperature was observed. The 
high temperature after the rainy season affected ripening. Even the daily mean temperature tended to affect the plant growth during the later stage. Tange 
(1973)7) reported that for rice growth the optimum temperature is in the range of 30-32oC. Since the present rice culture system was set up inside a glass 
greenhouse, the temperature build-up was higher than the ambient temperature in the field. The comparatively high temperature was also compounded by the 
low cooling-off efficiency of the set-up. These observations suggest that the fog culture system could be improved by avoiding the set-up inside a glass or 
greenhouse with a low cooling efficiency. 

Fig. 7: Changes in air temperature during the experiment (32 KB) 

The concentration of the nutrient solution was adjusted based on the leaf color and growth conditions. Regarding the nutrient balance, a nearly normal transition 
was observed from the maximum tillering stage to the grain maturation stage. The growing tillers during the active tillering stage are shown in Fig. 8 . The 
changes in the leaf age for both varieties are depicted in Fig. 9 . The turning point of the leaf-emergence rate corresponded to the 8th leaf stage. After the 8th 
leaf had emerged, the leaf-emergence rate was one leaf higher in the Harebare variety. This pattern continued until harvest. Nevertheless, based on the leaf age 
the growth was considered to be normal. In Fig. 10 the changes in plant length are compared. Harebare grew up to 100 cm while Koshihikari reached 120 cm. 
Elongated growth was observed in the Koshihikari variety which did not affect significantly the final yield. Fig. 11 shows the changes in the tillering pattern. 
The Harebare variety continued to develop more tillers during the most active tillering stage. Tiller number was high, as much as 12 tillers per hill which also 
resulted in a large number of non-productive tillers. On the other hand, non-productive tillers were not observed in the Koshihikari variety. This difference 
clearly indicates that the tillering potential is a varietal characteristic. In this experiment, the planting density was higher than under the usual paddy field 
conditions. Based on the response of Koshihikari to dense planting, this variety could be considered to belong to the erect plant type. The changes in the 
maximum root length are shown in Fig. 12 . Both varieties responded similarly and no remarkable differences were observed. 

Fig.8: Active tillering stage of rice (31 KB) 

Fig. 9: Changes in leafage during the experiment (15 KB) 

Fig.10: Changes in plant length (12 KB) 

Fig.ll: Changes in the number of tillers (14 KB) 

Fig.12: Changes in maximum root length (14 KB) 

In Fig. 13 , the apparent photosynthetic rate of the top 4 leaves was compared at light saturation. The top, most actively developing leaf was designated as Leaf 
1 and Leaf 2 was the leaf just below Leaf 1, etc. Data were gathered on a clear, fine day just before heading. The apparent photosynthetic rate in each leaf was 
highest in Leaf 1 but the rate decreased with the decrease of the leaf position. In Koshihikari the rate of decline was more remarkable. Leaves 2-4 in Harebare 
tended to display a higher rate than leaves in the same position in Koshihikari. The level of the photosynthetic rate in either variety, however, was only 1/3 of 
the rate in the rice plants grown under normal field conditions. During the measurement, leaf sampling units were maintained in the vertical position and the 
leaf surface received sunlight directly. At a normal light intensity, data were not considerably low. The low photosynthetic rate was mainly due to the reduced 
penetration of sunlight because the system was set up inside a glass greenhouse. The glass wall acted as a twofold screen and decreased the sunlight intensity by 
as much as threefold. Though some plants show a low light compensation point, lettuce, honewort and other vegetables for instance can yield optimally even at 
20,000 luxl) while rice requires at least 50,000 lux8). 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/nagaya/nagaya2.htm (1 of 3) [10/7/2002 9:24:56 PM] 









Fig.13: Comparison of photosynthetic rate among leaf positions from top (19 KB) 


The top and root system at harvest are shown in Figs. 14 and 15 , respectively. After harvesting, intemode length and yield components were determined. To 
reduce the experimental error, data obtained from hills with good growth and poor growth were segregated. Fig. 16 shows the length of the intemode from the 
top. In both varieties, the topmost intemode was the longest while there was an abrupt decline in the second intemode. The relative decrease between intemodes 
2, 3, 4, and 5 was gradual. In Koshihikari, regardless of the intemode position, the growth stand did not affect the internode length. In Harebare, however, the 
length of intemodes 1 and 2 from hills with poor growth was considerably shorter, presumably due to mutual shading which led to a large number of 
non-productive tillers in the Harebare variety. The decline in the over-all apparent photosynthesis was due to the low light transmittance caused by dense 
tillering and short intemodes. 

Fig. 14: Panicles at harvest stage 

Fig.15: Root system at harvest stage (47 KB) 

Fig.16: Comparison of length of intemode from top (19 KB) 

The grain yield and yield components are listed in Table 2 . Sampling was performed in 5 hills with 4 replications. In both varieties, the number of panicles per 
hill and 1,000 grain weight from rice hills with good growth were generally satisfactory. However, the number of panicles per hill and the percentage of ripened 
grains were very low. These 2 parameters contributed to the low grain yield. The maximum yield of Koshihikari was 808 kg/10 a and Harebare produced only 
half of this. The major difference may be attributed to the inefficient ripening in Harebare. Grain yield from hills with poor growth was even much lower mainly 
due to the small number of panicles and was aggravated by the large number of unfilled grains. One obvious reason for the low maximum yield was the light 
competition caused by dense planting. The plant density in the paddy field using a transplanting machine is usually 23 hills/m2. In this experiment, at a hill 
distance of 12 cm the rice population was 49 hills/m2. A distance of 17 cm then results in a population of 42 hills/m2 or almost twice the normal paddy field 
population. The wide variation in the actual grain weight implies that some hills were dominant and were more efficient in tapping solar energy. Hills with few 
panicles were undoubtedly poor hills. In this experiment, if the hill distance had exceeded 17 cm (sparse planting density), it is probable that the yield would 
have been higher because the light competition effect would have been minimal. 

Table 2. Comparison of yield components among hills 



Number of panicles 

per hill 

Number of spikelets 

per panicle 

Percentage of 

ripened grains 

1,000 grain 

weight (g) 

Grain-straw 

ratio 

Yield 
(kg/10 a) 

Koshihikari (l) a ) 

21.6 

60.2 

69.7 

21.2 

0.37 

808 

Koshihikari (2) b ) 

6.8 

58.0 

48.6 

18.9 

0.19 

108 

Harebare (l) a ) 

25.0 

62.7 

32.9 

19.8 

0.15 

463 

Harebare (2) b ) 

6.4 

28.3 

17.2 

18.2 

0.047 

23 


a): (1); Hill with good growth, b) : (2); Hill with poor growth. 

Furthermore, comparison of the grain yield with the straw yield showed that the ratio was very low, suggesting that the plants did not receive enough in solation 
to sustain the ripening process. In general, low yield was expected because of the low light energy absorption. Our set-up, however, indicated that even when 
the solar radiation was low, rice production in a fog culture system was possible because the nutrients could be supplied when the plant required them most. 
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Fig.7. 
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Fig.8. 

Active tillering stage of rice 
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Changes in maximum root length 
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Abstract 

Grade judgment is an essential component of a vegetable and fmit sorting system. Judgment of capability 
should be integrated with the collection of raw data from an object, and classification of algorithm of 
processed data. Machine vision is a useful tool for collecting raw data and for classification. Recently, 
machine vision applications for sorting and inspecting some fmit vegetables have been studied by many 
scientists 4 ' 7 ’ 10 ’ 12-16). However, the traditional image recognition and image understanding methods 
cannot evaluate satisfactorily irregularly shaped fmit vegetables. Thus, in this article a new feature 
extraction procedure and neural network were applied to the machine vision system to precisely evaluate 
fmit vegetables. As the newly developed machine vision system has a learning capability, it can evaluate 
more than one variety of fmit vegetables. The results obtained for 4 ki nds of strawberry varieties and 1 
variety of green pepper showed a high accuracy, confirming that the system has a great potential for 
grade judgments, 9). 

Discipline: Agricultural machinery 

Additional key words: image processing, feature extraction, strawberry, green pepper 
1—16) i Click here for references 

Introduction 

In Japan, to upgrade the commodity value, fmit vegetables are generally sorted into grades based on 
shape, damage and color and into grades based on size or weight before marketing. For most of the fmit 
vegetables, grade sorting according to size or weight has already been mechanized. However, grade 
sorting based on shape, internal quality, etc., such as in the case of orange, apple, and cucumber, is still in 
the initial stage and in most cases performed manually. Along with the unprecedented severe shortage of 
farm labor, the rapid ageing of Japan's experienced growers and producers with few potential successors 
pose a difficult problem to the industry. Therefore, to eliminate the errors of judgment of producer and 
inspector, to meet the consumers' demand for strict standardization and to be able to market fmit 
vegetables uniformly, it is essential to improve the sorting methods. 

At present, because of the advances in electronic technology, machine vision can be applied to research 
on the development of an automatic sorter. Machine vision enables to handle a large amount of raw data 
and perform remote judgment. It is used extensively in fruit vegetables sorters. On the other hand, there 
are conventional image recognition methods such as matching, statistical method and logical method of 
computation. However, they are not suitable for determining the shape of fmit vegetables because of the 
complexity and ambiguity involved. 
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Study on Grade Judgment of Fruit Vegetables Using Machine Vision 


This paper describes a general-purpose grade judgment system with high performance rate and capability 
of evaluating more than one kind of fruit vegetables using image processing technology and 
multiple-valued neural network theory 1,2, 8,11). One of the unique characteristics of this system is that it 
enables to evaluate fruit vegetables according to their standard patterns, which are learned by the 
software before the actual judging operation is performed. The system also enables to evaluate different 
kinds of fruit vegetables by learning their corresponding extracted shape characteristics. 


Concept of sorting fruit vegetables 

1) Shape features of fruit vegetables and representation 

The fmit vegetables are biological products. Although vegetables or fruits may be cultivated in the same 
way, their shape, size, color and other characteristics are different. Moreover, one vegetable or fruit may 
consist of many varieties, which requires that sorting standardization for each kind be performed. Using 
machine vision to evaluate the shape of fruit vegetables, expression and extraction of shape features 
become an important element because compared with an industrial product, the shape standard of 
vegetables or fruits does not follow quantitative rules. In this article a set of shape features, which are 
expressed as thickness, length and curve is proposed, and a method of extraction of characteristic 
patterns from an object of standard shape is described. 

2) Sorting of fruit vegetables 

After harvest, sorting of many fruit vegetables is still carried out manually. Inspection standard table 
classified those that have a good shape and color into grade A, while those with inferior characteristics 
were graded B. The strawberry inspection standard was set up by the Agricultural Cooperative 
Association in Miyazaki Prefecture, Japan. Accordingly, there are 3 grades based on shape, namely: A, B 
and C, and 5 grades based on the size: 3L, 2L, L, M, and S as shown in Fig. 1 . 

Fig.l: Standard table for strawberry sorting in Miyazaki Prefecture (38 KB) 


It is important that a machine vision judging system has learning and fuzzy process functions. Such a 
system enables to overcome the weakness of traditional type systems. Therefore, the researchers have 
developed an advanced judging system using machine vision, involving image processing, shape feature 
extraction, neural network and computer technologies. The system can grade various fruit vegetables 
according to their shape using the learned standard pattern. 
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Materials and methods 

1) Strawberry and green pepper 

Four kinds of strawberry varieties, namely 'Reiko', 'Toyonoka', 'Nyoho' and 'Akihime', and one green pepper variety 'Sadowarahikari super' were used in the experiment. 

The characteristics of each variety are as follows: 

Reiko variety has a large fruit with a circular conical shape and a strong pericarp. The flesh has an excellent taste. It is fragrant and has high sugar and acid contents. Generally, the 
fruits with deformed shape account for about 4 to 5%, while those with a good shape account for 80%. 

Toyonoka variety has a large fruit with a short circular conical shape. The color of the pericarp, which develops more slowly when shaded by other plant parts from sunlight, is 
cherry-like. The pulp density is high. As the flesh is not porous, the juice content is high. 

Nyoho variety shows a circular conical shape and the top is not sharp. The occurrence of an odd shape is low. Its shape resembles that of Reiko because it was produced by 
cross-fertilization with the Reiko variety. The size of the fruit is medium. Pericarp and pulp are cherry-like in color and hard, and the flesh is not porous. The sugar and acid contents 
are high and the taste is good. 

Akihime fruit is large with a long circular conical shape. The occurrence of an odd shape is very low. The pericarp is lustrous and cherry-like in color. 

Sadowarahikari super is well suited to greenhouse cultivation. This variety of pepper has a medium size with a dark green color. Under low temperature and daylight conditions, the 
flesh is thick and of high quality which makes it highly marketable. 

2) Proposed method for shape feature extraction 

Reading and writing of image dot data require a long processing time. By decreasing the frequency of readings, length of processing can be reduced. This paper describes a new 
shape feature extraction method for easy calculation and faster operation. 

The 3 parameters, i.e. thickness, length and bend are illustrated in Fig. 2 . After preprocessing of the fruit image into a binary form using the image processing technique, 5 horizontal 
widths, Wi, W 2 , W 3 , W4, and Wmax; one vertical height H and a length L of a line which connects the midpoints of W1 and Wmax were extracted. H is the perpendicular distance of 
the topmost point of the image from the maximum horizontal width, Wmax, while Wi, W2,W3, W4 are 0.1H, 0.2H, 0.4H, and 0.7H, respectively, from the topmost point of the fruit's 
binary image. From these measured parameters, Ki, K 2 , K 3 , K 4 , Ks, and K6 were calculated as follows: 

Fig.2: Feature extraction of fruit vegetables (18 KB) 

Ki = Wi/Wmax 
K 2 = W 2 / Wmax 
K3 = W3/ Wmax 
K 4 = W4/ Wmax 
Ks = H/ Wmax 

K6 = L/H-(1) 

3) Neural network and algorithm 

The machine vision system must be able to recognize a vegetable or fruit when it "sees" one and must decide to what grade or class the fruit should belong based on its shape and 
size. This is essentially the function which the judging component has to accomplish by employing appropriate software. 

In this study, the multiple-valued neural network (MVNN) theory, generally accepted as a useful tool for the recognition of various patterns, and image processing technique were 
used for the development of the desired software. For example, Fig. 3 shows a 3-layer neural network model consisting of an input, a hidden and an output layer. Six input units, Ki, 
K2, K3, K4, Ks, and K 6 , representing a set of features, are fed into the network through the input layer. Each unit is connected to all the nodes of the hidden layer which is in turn 
connected to the 2 nodes of the output layer. Computation of the value of each unit in the hidden and output layers is then carried out using a piecewise linear operation expressed as: 
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Fig. 3: Model o f multiple-layer neural network (17 KB) 

where/is the arithmetic function and X is the weighted sum of the units in the previous layer, as shown in Fig. 4 . 


f(X)= XXX) 

0X<0 -(3) 


Fig.4: Basic unit for multiple-valued neural network (16 KB) 

An algorithm using the back-propagation method was applied to the neural network model to calculate the weight (synapse) values. That is, Ki, K2, K3, K4, Ks, and K6 were fed to 
the MVNN as inputs for learning, the weight values were then adjusted until the output value became very close to that of the teaching signal. 

4) Machine vision judging system and its software 

The machine vision system for grade judgment of fruit vegetables is illustrated in Fig. 5 . The turntable moves automatically and draws the position of strawberry exactly under a 
CCD camera (ELMO EC-202 II lens: 16 mm, f = 1.5 -1.0). The frozen image of fruit could be viewed in the monitor (SONY PVM 9221) through the image digitizer board 
FDM-4-256. The developed software, loaded into NEC PC 9801 RA analyzes the image of fruit to ascertain its shape and size. Soon after the shape of strawberry is ascertained, the 
5-joint robot picks up and transports the fruit to predefined locations. As shown in Fig. 5 (b), the robot arm distributes the fruits subjected to evaluation. 

Fig. 5: Machine vision judging system (50 KB) 

The flowchart of the judging system software is shown in Fig. 6 . This software displays learning and judging components as follows: 

Fig. 6: Flowchart o f machine vision judging system so ftware (45 KB) 


(1) Learning program 

1. The name of the fruit vegetables to be handled and the kind are inputted. 

2 . Input the standard shape of an object from a CCD camera in order to develop a pattern for learning. (Shape features Ki, K2, K3, K4, K5, and K6 are generated from this.) 

3. The teaching signal is inputted from the computer keyboard. 

4. The numbers of layers in the middle, number of units in each layer, learning coefficients are adjusted to a specific MVNN model. 

5. According to the teaching signal, the MVNN model learns a set of standard patterns. 

6. If learning succeeds, data are saved then go to end, if not, go to "4", until the learning operation is completed. 


(2) Judging program 

1. Determine, in interactive style, whether the learning operation for the kinds of fruit vegetables has already been completed for evaluation, if not, the learning program is called 
upon. 

2. Load synapse or weight data to MVNN. 

3. Rotate turntable, and the specimen is brought to a location under the CCD camera. 

4. Image processing and feature extractions are performed. 

5. The MVNN evaluates shape features, and sends control signals to the robot. 

6. The robot carries the object evaluated to the correct area in the collection unit. 
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Fig.5. Machine vision judging system 
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Fig.6. Flowchart of machine vision judging system software 
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Results and discussion 

1) Shape judging standards and learning patterns 

Shape judging standards of fruit vegetables are determined in every producing district. This time, the shape judging standards of 
Fukuoka, Miyazaki and Tochigi Prefectures were used. The shape grade of 4 varieties of strawberry and 1 variety of green pepper 
is shown in Table 1 . Based on Tablet, learning patterns of fruit vegetables used in the experiment were generated and are shown 
in Fig. 7 . 

Table 1: Standard shape ranks of 4 varieties of strawberry and 1 variety of pepper 

Variety Shape class 

Reiko ABC 

Toyonoka ABC 

Nyoho Superfine LA 2A 3A B 

Akihime A B 

Sadowarahikari super A B 

Fig. 7; Learning patterns of 4 strawberry varieties and 1 variety of green pepper (46 KB) 

2) Input and acquisition of learning patterns 

According to the learning patterns (Fig. 7 ), one by one, the standard pattern is put under a CCD camera and the teaching signal 
(A=0, 0; B=l, 0; C=0, 1) is inputted accordingly from the computer keyboard in every set of learning patterns. Here, the error 
limit is defined as 0.01, 5 kinds of learning patterns were acquired, and the learned results all succeeded. Therefore, after learning, 
the machine vision judging system could evaluate more than 1 variety of vegetables. 

3) Judgment and appraisal 

Judging system requires attention because the fruit should be placed on the turntable vertically (see Fig. 8) in order to extract 
features correctly. Experimental judging results were compared with those of manual judging to assess the accuracy rate. Since 
the judging standard of fruit vegetables is fuzzy, it is likely that different results will be obtained from different persons for the 
same object. Thus, manual judging results as defined above should be agreed upon by 3 persons aside from an instructor and 
student, i.e. a total of 5 persons in the laboratory. For example, when 5 persons determined that the strawberry shape is A, A, B, 

A, B, respectively, the human judging results are taken as A. 

In this judging experiment, fresh fruit vegetables were used, including Reiko (122 fruits), Toyonoka (187 fruits), Nyoho (170 
fruits), Ak ihime (167 fruits), and Sadowarahikari super (100 fruits). The agreement rate of human judging results and the machine 
vision judging system are shown in Table 2 . 

Table 2. Agreement rates of shape judgment 


Variety Accuracy Error 

Reiko 95% 5% 

Toyonoka 97% 3% 

Nyoho 98% 2% 

Akihime 94% 6% 

Sadowarahikari super 89% 11% 

The test results of the machine vision sorting system displayed a high degree of precision. Table 2 shows that robotic sorting and 
manual sorting exhibited only a marginal difference in terms of accuracy. Percentage accuracy ranged from 89 to 98% and the 
percentage of error in shape judgment for different varieties ranged from 2 to 11%. 

4) Future problems 

It is important for MVNN to produce learning patterns in the machine vision judging system. Since a given set of precise learning 
pattern is acquired by MVNN, the accuracy of the machine vision judging system increases. Moreover, it is necessary to increase 
the number of features and to improve the components of the extracting method, because there is still a difference in the judgment 
from human. In order to evaluate fruit vegetables such as green pepper that have a complex shape, it is necessary to develop a 
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judging method that combines fuzzy and MVNN theories to improve the judgment accuracy. 

Conclusion 

In order to evaluate more than one kind of fruit vegetables, according to the shape, the machine vision system was studied. The 
shape judgment of fruit vegetables is difficult compared to industrial products of fixed form because of the naturally unique 
outline. In this study image processing and MVNN technologies were used for the advanced machine vision judging system, 
which enabled to alleviate the fuzzy judging problem of shape. Due to its learning capability, the system was able to evaluate 
different kinds of fruit vegetables according to their learned standard pattern. In the judging experiments, 4 varieties of 
strawberry, Reiko, Toyonoka, Nyoho, Akihime and 1 variety of green pepper Sadowarahikari super were used. The results 
showed that the judging accuracy for strawberry ranged from 94 to 98% while 89% for green pepper. Therefore, the system has a 
high potential in grade judging of fruit vegetables which is still in the developmental stage. 
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Fig.7. Learning patterns of 4 strawberry varieties and 1 variety of green pepper 
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Varietal Differences in Female Flower Bearing Ability 
and Evaluation Method in Watermelon 

Keita SUGIYAMA 

Kurume Branch, National Research Institute of Vegetables, Ornamental Plants and Tea 
(Kurume, Fukuoka, 839-8503 Japan) 

Abstract 

These studies were carried out to identify varieties with a high female flower-bearing ability among 
genetic resources and develop a simple method to evaluate the female flower bearing ability of 
watermelon before transplanting. The results showed that Japanese Fi varieties bore more female flowers 
than the other varieties except for those from China and Taiwan. Also varieties with many female 
flowers among wild species could be used as breeding materials to improve the female flower bearing 
ability of other watermelon varieties. Watermelon varieties with a high female flower bearing ability 
bore the first female flower at a lower node than those with a low female flower bearing ability, when 
sprayed with silver thiosulfate, STS, at the cotyledonary stage. Correlation between the number of female 
flowers in the F 2 population sprayed with 6 mM STS and the node order of the first female flowers was 
high. In a progeny selected from the F 2 population, the female flower was borne at a lower node order of 
the main stem, whereas in another, the first female flower differentiated at a higher node order; the 
former bore more female flowers than the latter. These results indicate that it is possible to select plants 
with a high female flower bearing ability by STS treatment before transplanting. 

Discipline: Plant breeding 

Additional key words: Citrullus lanatus, STS, selection 
i" 14 ): Click here for References 

Introduction 

Watermelon varieties have fewer female flowers than other cucurbit crops such as cucumber and melon. 
The formation of female flowers in watermelon is easily affected by the temperature 8 ’ 9 ’ 11 ’ 12 )’ 
day-length8,9,ll,12) and fertilizer conditionsl). 

A long pollination period is required in watermelon because the species differentiates few female flowers 
under high temperature and long day-length conditions and when excess nitrogen is applied. 

Furthermore, abortion of female flowers or low fmit-setting ratio is caused by weather conditions 
characterized by a low temperature and little sunshine. Also, to set the fruit at the nodes which are 
convenient for improving fruit quality and reducing cultivation labor, varieties with a tendency to 
differentiate relatively more female flowers should be used. 

A testing method to evaluate juvenile plants with a high female flower bearing ability would be 
advantageous because much time is required to evaluate the female flower bearing ability of watermelon. 
There are many reports in testing methods for gynoecious line breeding in cucumber3-6), but only a few 
in watermelons. Hence, we attempted to develop a simple method to evaluate the female flower bearing 
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ability of watermelon before transplanting by using silver thiosulfate (STS). 

Materials and methods 

Experiment 1: Varietal differences in female flower bearing ability in watermelon 
Forty-five Japanese watermelon varieties (19 pure-bred varieties, 12 Fi small-sized watermelon varieties 
and 14 Fi large-sized watermelon varieties), 10 watermelon varieties derived from China and Taiwan, 12 
watermelon varieties derived from America, Russia, Europe and other countries and 9 wild watermelon 
varieties were used in this experiment ( Table I ). They were sown on March 21 and transplanted to a 
greenhouse on April 15, 1994. Four plants per variety were used with 2 replications. The total number of 
female flowers up to the 30th node on the main stem was recorded. Hermaphrodite flowers and 
degenerated female flowers were categorized as female. 

Table 1: List of watermelon varieties(46 KB) 

Experiment 2: Effect of STS on the induction of female flowers 

Seedlings of watermelon, 'Red Seeded 3b', 'Koryou 200', 'Beijing Xi C', 'Fujihikari TR', 'Aohanagawa', 
'Summit', 'Klekley Sweet' and 'Green Seeded' sown on March 24, 1993, were sprayed with 0 (distilled 
water, control), 1, 3 and 6 mM STS at the cotyledonary stage (seeds sown on October 5) on October 14. 
The amount of solution sprayed was about 2 mL per plant. Ten plants per variety were used with 2 
replications in all the treatments. The node order of the first female flower and the first male flower and 
the total number of female flowers up to the 10th or the 20th node on the main stem were recorded. 
Hermaphrodite flowers and degenerated female flowers were categorized as female. 

Experiment 3: Selection effect of female flower bearing ability by STS treatment 
F 2 seedlings were derived from the cross between Red Seeded 3b with many female flowers and Green 
Seeded with a few female flowers. The F 2 progenies (117) were sprayed with 6 mM STS at the 
cotyledonary stage on April 5, 1994 (seeds sown on March 24). From this population, RG94 and RG33 
were selected; the former bore the first female flower at a basal node, whereas RG33 bore its first female 
flower at a more distal node. These selections were self-pollinated. Seeds of the F 2 population (79) and 
seeds of the F 3 population of RG94 (58) and RG33 (24) were sown on September 20. These plants were 
not treated with STS. The number of female flowers up to the 30th node on the main stem was recorded 
in the F 2 and F3 seedling populations. Hermaphrodite flowers and degenerated female flowers were 
categorized as female as above. 

& ontinue to: Results 
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Results 

Experiment 1: Varietal differences in female flower bearing ability in watermelon 

Average number of female flowers up to the 30th node on the main stem was 3.7 flowers (Fig. 1) . Red Seeded 3b bore the largest number of female flowers (7.1 female 
flowers) followed by Africa 22860 with 6.1 female flowers. It was found that Green Seeded bore the lowest number with 0.5 female flowers. Thus, wild species displayed 
a wide range of female flower bearing ability. 

Fig.l: Varietal differences in number of female flowers in genetic resources (20 KB) 

The varieties from America, Russia, Europe and other countries bore fewer female flowers than the Japanese varieties. However, the varieties of China and Taiwan 
showed almost the same number of female flowers as the Japanese Fi varieties. 

Japanese pure-bred varieties were found to display a wide range of female flower bearing ability. However, small-sized and large-sized watermelons and Japanese Fi 
varieties bore about 3 to 4.5 and 4 to 5 female flowers, respectively. Thus, large-sized watermelon and Japanese Fi varieties were found to bear the largest number of 
female flowers. 

Experiment 2: Effect of STS on the induction of female flowers 

Spraying STS at the cotyledonary stage was effective in inducing female flowers (Table 2 , Fig. 2) . Treatment with 6 mM STS lowered the node order of the first female 
flower on the main stem in varieties with many female flowers by 2 nodes compared to that in the control. In Red Seeded 3b treated with 6 mM STS, which showed the 
highest frequency of female flowers, the mean node order for the first female flower was 3.4, whereas in Koryou 200 and Beijing Xi C, which bear many female flowers, 
the mean node order was 3.8 and 4.4, respectively. With the same treatment, the basal nodes with the first female flowers of Aohanagawa and Klekley Sweet were 7 and 
8 , respectively, a value significantly lower than that in the control. Yet, the node order was still higher than for all the other varieties except for Green Seeded. The node 
order of the first female flower of Green Seeded was lowered by the 1 mM STS treatment, while the application of 3 or 6 mM STS was ineffective. 

Table 2: Effect of STS treatment at the cotyledonary stage on sex expression in watermelon 














W W Tf fdf 


0.9d 

0.3e 


7.3d 7.2e 

6.9d 6.8de 

6.0c 5.6cd 



Sowing date: Oct. 5, 1993. STS treatment was applied on Oct. 14,1993 

a) : On the main stem, including hermaphrodite. 

b) : STS concentration. 

c) : Up to 20th node on the main stem in control. 

d) : Mean separation within columns by Duncan's multiple range test, at 5% level. 

e) : Correlation coefficient between node order of the first female flower and total number of female flowers up to 20th node in control. 
** Significant at 1% level. 


Fig.2: Effect of STS on first female flower setting (21 KB) 
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Spraying of 1 mM STS was slightly effective in lowering the node order of the first female flower. Differences in the female flower bearing ability among varieties were 
clearly revealed when seedhngs were sprayed with 6 mM STS. 

Spraying of seedhngs with 3 or 6 mM STS was effective in increasing the number of female flowers; concurrently, the node order bearing the first male flower tended to 
decrease by STS treatment. 

Correlation coefficient between the node order of the first female flower in the STS-treated plants and the number of female flowers up to the 20th node in the nontreated 
plants was very high. 

Experiment 3: Selection effect of female flower bearing ability by STS treatment 

A wide range of node orders bearing the first female flower was observed in the F 2 population of the watermelon varieties tested. The lowest node order bearing the first 
female flower was 3, while the highest node order bearing the first female flower was 14 (Fig. 3) . The watermelon plants bearing many female flowers tended to bear the 
first female flower at a lower node. In contrast, the watermelon varieties bearing fewer female flowers tended to bear them at a higher node. Correlation coefficient 
between the number of female flowers up to the 30th node on the main stem and the node order bearing the first female flower was significantly high. 

Fig.3: Relationship between the node order of the first female flower and the number of female flowers after application of 6 mM STS at he cotyledonary stage in F 2 

(17 KB) 

Two plants were selected from the F 2 population: one was RG94 for which the first female flower bearing node order was 4 and the other one was RG33 which bore the 
first female flower on the 10th node. 

The F3 plants derived from RG94 bore more female flowers than those derived from RG33 and F2 plants (Fig. 4) . 

Fig.4: Frequency distribution of number of female flowers ofF 2 , RG33(F3) and RG94(F3) (19 KB) 

Discussion 

Female flower bearing ability in the Japanese Fi varieties is higher than that of Japanese pure-bred varieties or varieties from other countries except for China and Taiwan. 
It is assumed that recently Japanese Fi varieties have been improved to become adapted to greenhouse culture. The varieties were altered with a high bearing ability to 
stabilize the setting of fruits as well as to advance maturity and reduce the cultivation labor. However, the Japanese Fi varieties did not bear many female flowers. This 
problem may have been solved by the application of a training method which enabled to increase the number of female flowers by growing 3 or 4 lateral vines of 
watermelon plant. However, since the female flower bearing is easily affected by the weather conditions, it is necessary to genetically alter varieties to increase their 
female flower bearing ability. Red Seeded 3b and Africa 22860 with a high female flower bearing ability are suitable for use as breeding materials. 

It is generally recognized that the number of female flowers (including hermaphrodite flowers) of watermelon can be increased by aminoethoxyvinylglycine2), silver 
nitrate2,10) and maleic hydrazidel4) applications. Triiodobenzoic acid treatment increased the production of female flowers and induced the formation of the first female 
flower at lower nodes of the main stem7). On the other hand, ethephon treatment decreased the number of female Uowers2). It was assumed that the use of some methods 
may enable to carry out selection for female flower bearing ability. In one method, selection involved plants which differentiated female flowers under conditions 
inhibitory to female flower formation such as long day-length, high temperature, or with treatments with certain plant growth regulators such as ethephon or conversely, 
the selection involved plants which initiate female flowers under favorable conditions, such as short day-length, low temperature or with some of the above-mentioned 
substances. 

Sugiyama et al.13) exposed watermelon seedlings to high temperature and long photoperiod to select plants with a high female flower bearing ability but the method 
requires a large and expensive phytotron for a long duration. 

We applied STS which is more easily absorbed by the plant than silver nitrate. STS was applied at the cotyledonary stage to induce the first female flower at a lower node 
on the main stem and to increase the number of female flowers. It was assumed that the varieties with many female flowers tended to bear the first female flower at a 
lower node under STS treatment. 
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By selecting 2 progenies from an F 2 population bearing female flowers at lower or upper nodes on the main stem, we demonstrated that this bearing habit is heritable. 
Hence, we were able to select plants with a high female flower bearing ability by STS treatments. This testing method should enable to select plants with a high female 
flower bearing ability before transplanting, in order to improve the efficiency by shortening the turnover generation in watermelon breeding. 


[^Forward to: -Improvement of Postharvest Life in Several Cut Flowers by the Addition of Sucrose- 
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Fig.l. 

Varietal differences in number of female flowers in genetic resources 
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Effect of STS on first female flower setting 


Right: Plantlet in which 1st female flower was induced at the 3rd node on the main stem by STS 
treatment. 

Left: Control plant sprayed with distilled water, with 5 nodes but no female flowers. 


Sack 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/sugiyama/fig2.htm [10/7/2002 9:25:43 PM] 








Fig.3. 

Relationship between the node order of the first female flower and the number of 
female flowers after application of 6 mM STS at the cotyledonary stage in F 2 

F 2 seeding derived from the cross between Red Seeded 3d and Green Seeded. 
Sowing date: March 24, 1994. STS treatment date: April 5, 1994. 
a): Up to the 30th node on the main stem. 

** Significant at 1% level. 

Arabic numerals: Number of plants. 117 plants were used. 
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Fig.4. 

Frequency distribution of number of female flowers of F 2 , RG33(F3) and RG94(F3) 
Sowing date: Sept.20, 1994 

The number of female flowers was counted up to the 30th node on the main stem. 
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Improvement of Postharvest Life in Several Cut Flowers 
by the Addition of Sucrose 

Kazuo ICHIMURA 

Department of Floriculture, National Research Institute of Vegetables, Ornamental Plants and Tea 
(Ano, Mie, 514-2392 Japan) 

Abstract 

Sugars play important roles in keeping the quality of cut flowers because the amount of sugar contained 
in cut flowers is limited. Effects of sucrose treatment on the vase life of several cut flowers were 
investigated. Continuous treatment with sucrose markedly promoted floret opening and extended the 
vase life of cut sweet pea flowers. Pulse treatment with sucrose was also fairly effective in improving the 
vase life of these flowers. Continuous treatment with sucrose increased anthocyanin concentrations in 
petals as well as extended the vase life of several cultivars of cut Eustoma flowers. This treatment was 
also effective in improving the vase life of cut snapdragon flowers. Although pulse treatment with 
sucrose was fairly effective in improving the vase life of cut hybrid Limonium, pulse treatment with 

sucrose in combination with a aminoisobutyric acid (AIB), an ethylene biosynthesis inhibitor, was 
markedly effective in improving the vase life. Role of the application of sucrose to cut flowers was 
reviewed and discussed. 

Discipline: Horticulture 

Additional key words: Eustoma grandiflorum, hybrid Limonium, snapdragon, sugar, sweet pea 
1-36): Click here for References 

Introduction 

In Japan, cut flowers have been increasingly distributed in markets along with the increase of flower 
production in recent years. Furthermore, transportation of cut flowers over long distances has increased. 
These conditions are unsuitable for keeping the quality of cut flowers. Development of postharvest 
technology in cut flowers is, thus, being promoted. 

Sugars play important roles in plants as substrates for respiration and cell walls as well as osmolytes. 
Since the amount of sugar contained in cut flowers is limited, the addition of sugars such as sucrose to 
vase water is effective in improving the vase life of some cut flowers8). 

In this report, I described the role of sugars in improving the vase life of cut flowers. Furthermore, here I 
reported the improvement of the vase life of cut sweet pea, hybrid Limonium, Eustoma and snapdragon 
flowers by treatment with sucrose. 
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Role of sugars in cut flowers 

Addition of sugars to vase water not only extends the vase life of cut flowers but also promotes flower 
opening. Furthermore, the expression of the flower color is improved by treatment with sugars in some 
cut flowers such as camationl5) and rose7,27). Effects of sugars on the extension of the vase life of cut 
flowers are considered to be associated with the improvement of the water balance. However, since 
inorganic ions did not extend the vase life more than sugarl9), it is suggested that the effect of sugars on 
the improvement of the vase life is due not only to the effect of osmolytes but also to that of substrates of 
respiration and synthetic materials. 

1) Promotion of flower opening by sugars 

A large amount of soluble carbohydrates is required for flower bud opening as substrates for cell walls 
and respiration as well as for their osmotic properties. Since the carbon source of cut flowers is limited, 
addition of sugars such as sucrose and glucose to vase water is highly effective in promoting flower 
opening5,6,18,28). 

Petal growth associated with flower opening results from cell expansion^), which is required for the 
influx of water and osmolytes such as sugars into cells. In hybrid Limonium and carnation, the 
concentration of sucrose in petals decreased, and that of glucose and fructose increased23,31,36). In 
Hemerocallis, fructans are degraded to monosaccharides during flower opening2). Monosaccharides 
derived from sucrose or fructans increase the osmotic pressure, which contributes to flower opening. 
Woodson and Wang (1987)36) showed with carnation that these changes in the sugar composition are 
accompanied with the increase in invertase activity. 

2) Extension of longevity of cut flowers 

In many cut flowers, sugars such as sucrose extend the vase life. We observed that sucrose extends the 
vase life of cut sweet pea flowers. 

Flowers of sweet pea are highly sensitive to ethylene22,25,35), and the vase life is very short. When cut 
spikes of sweet peas were treated with 40 g L-l sucrose, the vase life became twice as long 12). This 
treatment increased the glucose, fructose and sucrose concentrations ( Fig. 1 ) and inhibited ethylene 
production of florets (Fig. 2) . These findings suggest that the sugar concentration increased by the 
sucrose treatment may lead to the inhibition of ethylene production. 

Fig. 1. Changes in sugar concentrations of petal and the other parts of sweet pea floret with time (32 

KB) 

Fig. 2. Changes in ethylene production of sweet pea floret with time (16 KB) 

To further clarify the relationships between ethylene production and the sugar concentration of flowers, 
cut spikes were treated with sucrose continuously (continuous treatment) or only for 24 h (pulse 
treatment) after harvest. Vase life of control spikes was about 3 days. The continuous and pulse 
treatments with sucrose extended the vase life of spikes by 8 and 6 days, respectively. Climacteric 
ethylene production was advanced by the pulse treatment compared to continuous treatment. 
Furthermore, the sugar concentration decreased with the time after pulse treatment whereas it remained 
at a high level by continuous treatment. Therefore, ethylene production was largely affected by the sugar 
concentration in floret. 
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To determine whether sucrose inhibits the ethylene action, the effect of sucrose on ethylene production of 
floret was compared to that of silver thiosulfate complex (STS), an ethylene action inhibitor^. Although 
sucrose inhibited ethylene production more than STS ( Fig. 3 ), STS extended the vase life more than 
sucrose. STS is known to suppress autocatalytic ethylene production by inhibiting ethylene action. These 
findings suggest that sucrose may not inhibit the ethylene action although it remains to be determined 
whether sucrose directly inhibits ethylene production. 

Fig. 3. Changes in ethylene production of sweet pea floret with time (17 KB) 

3) Improvement of flower color expression by sucrose 

Treatment with sugars such as sucrose improved the expression of petal colors in some cut flowers such 
as rose7,27), sweet pea9) and Eustomal 1). Pigments of these flowers are mainly anthocyanins. 

Anthocyanins are synthesized via several enzymatic steps such as chalcone synthase and chalcone 
flavanone isomerase4). Tsukaya et al. (1991)32) and Moalem-Beno et al. (1997)21) reported that in 
petunia the gene expression of chalcone synthase, a key enzyme of anthocyanin biosynthesis was 
induced by sucrose. Similarly, Kusuhara et al. (1996)16) reported that in Eustoma sucrose increased the 
expression of genes involved in anthocyanin biosynthesis such as chalcone isomerase, dihydroflavanone 
reductase and chalcone synthase. Thus, the stimulation of anthocyanin expression of cut flowers by 
sucrose may be involved in the promotion of anthocyanin biosynthesis gene expression. Furthermore, 
this promotive effect is possibly due to the supply of sugars as glycoside residues of anthocyanin because 
anthocyanins are usually present as glycosides. 


To determine whether the amount of other flower pigments such as carotenoid and betacyanins increased 
by sugar treatment, further studies will be required. 
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Changes in ethylene production of sweet pea floret with time. 

Values are means of 3 replications + standard errors. 

Cut sweet pea flowers were kept at 23°C- 
HQS solution was used as control. 
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Changes in ethylene production of sweet pea floret with time 

Cut sweet pea flowers were kept at 23 °C- 
Flower spikes were treated with water (control), 

0.2 mM STS, and 100 g L-l sucrose. 

f^BACK 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/ichimura/fig3.htm [10/7/2002 9:25:55 PM] 









ichimura2 


i~36): Click here for References 

Effects of sucrose treatment on the vase life of various cut flowers 

Since sugars such as sucrose are effective in improving the vase life of cut flowers, they are included in 
preservatives. I describe here that sucrose improves the vase life of several important cut flowers. 

1) Sweet pea 

Sweet pea (.Lathyrus odoratus L.) is a very suitable cut flower because of its wide range of colors and 
exceptional fragrance. The vase life of the cut flowers is very short22,25,35). Since the flower of sweet 
pea is sensitive to ethylene, STS has been shown to be very effective in prolonging the vase life of sweet 
peal3,22,30). STS, however, contains silver, a heavy metal, which is a potent environmental pollutant. 
Therefore, other chemicals will be required. Aminooxyacetic acid3), Q'-aminoisobutyric acid26,29), 
aminoethoxyvinyl glycinel) and l,l-dimethyl-4-phenylsulfonylsemicarbazide20), inhibitors of ethylene 
biosynthesis, have been found to be effective in prolonging the longevity of cut carnation flowers. These 
compounds, however, are only slightly effective in extending the vase life of cut sweet pea flowers33). 
On the contrary, diazocyclopentadiene, an ethylene action inhibitor, is fairly effective in extending the 
longevity of cut sweet peas30). 

We therefore investigated the effect of sucrose on the vase life of bud-cut sweet peas. Continuous 
treatment with sucrose markedly promoted floret opening and extended the floret longevity in cut sweet 
peasl2). The vase life of florets treated with 100 g L-l sucrose was 3 times longer than that of control 
florets. 

Although STS is a potent environmental pollutant, the use of this compound is not prohibited as 
preservative. We thus examined the effects of pulse treatment with sucrose and STS on the vase life of 
sweet pea flowers harvested at conventional times for farmers9). The cut spikes were treated with 100 g 
L-l sucrose for 16 h, 0.2 mM silver thiosulfate complex (STS) for 2 h and 0.2 mM STS for 2 h followed 
by 100 g L-l sucrose for 16 h. Treatment with STS followed by sucrose was the most effective in 
promoting floret opening (Fig. 4) as well as extending the vase life (Table 1 ) . Anthocyanin 
concentrations increased by treatments with sucrose alone or STS followed by sucrose (Table 2) . These 
results show that the addition of STS followed by sucrose is more effective than that of STS alone in 
improving the vase life of cut sweet pea flowers. 

Fig. 4. Effect of combined treatment with STS and sucrose on floret bud opening (18 KB) 

Table 1: Effects of combined treatment with sucrose and STS on the vase life of cut sweet pea flowers 

Vase life (days) 



Floret 

Spiked 

Control (water) 

1.7 

2.5 

Sucrose (100 gL 1 ) 

3.0 

5.9 

STS(0.2 mM) 

4.4 

7.2 

STS (0.2 mM) + 

Sucrose (100gL 1 ) 

6.0 

8.7 
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a): Vase life of spikes was determined as the time from harvest to the time when all the florets wilted. 
Cut flowers were kept at 23 0 C. 


Table 2: Effects of combined treatment with sucrose and STS on anthocyanin concentrations of petals in cut sweet pea 
flowers 


Treatment 


Anthocyanin 
(OD530 nm gFW 1 ) 


Control (water) 

0.84 

Sucrose (100 g L 1 ) 

2.62 

STS (0.2 mM) 

1.11 

STS (0.2 mM) + Sucrose(100 g L 1 ) 

1.76 


Cut flowers were kept at 23 °C. 


As mentioned above, the use of STS is not recommended. Since the treatment with sucrose alone was 
also considerably effective in improving the vase life of cut sweet pea, it is assumed that the use of 
sucrose in combination with ethylene inhibitors, other than STS, may improve the vase life of sweet pea 
in the same way as STS. 

2) Hybrid Limonium 

Hybrid Limonium, cultivar 'Blue fantasia 100', is an interspecific hybrid between L. bellidifolia Gouan 
and L. latifolium Kuntzn. The inflorescence has many small florets, which are at various developmental 
stages between bud and opened floret. In the cut inflorescence, buds seldom open and the floret longevity 
is short. Thus, the effects of sucrose on the vase life of hybrid Limonium were investigated31). 

The cut flowers were treated with sucrose for 24 h, and thereafter placed in water. Sucrose at 10 and 20 g 
L-l significantly increased the percentage of open florets, but did not affect appreciably the floret 
senescence. Since sucrose alone did not improve the vase life sufficiently, we further examined the effect 
of combined treatment with 20 g L-l sucrose and 10 mM (X -aminoisobutyric acid (AIB), an inhibitor of 
1-aminocyclopropane-l-carboxylic acid (ACC) oxidase on the vase life. The combined treatment with 
sucrose and AIB promoted floret opening and inhibited floret senescence. This effect is probably due to 
the promotion of floret opening by sucrose and extension of longevity by AIB. Petal color was expressed 
well and florets fully opened after the treatment. Therefore, this treatment can be practically used as 
preservative for farmers. 

3) Eustoma 

Eustoma grandiflorum (Raf.) Shinn., which is native to the southern United States, was introduced into 
Japan more than 60 years ago. Eustoma is widely produced in the world, particularly in Japan. Although 
the vase life of cut Eustoma flowers is relatively long, small buds do not open fully and the color of 
petals is slightly expressed. We therefore investigated the effect of sucrose with 8-hydroxyquinoline 
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sulfate (HQS) on the vase life in 6 cultivars of Eustoma flowers 11). 

Continuous treatment with 20 g L-l sucrose combined with 200 mg L-l HQS significantly promoted 
flower opening and extended the vase life of all the cultivars tested (Table 3) . This treatment also 
increased anthocyanin concentrations of petals, particularly in 'Azuma-no-ginga' and 'Azuma-no-kasumi', 
both of which show a light color (Table 4 ). 

Table 3: Effect of sucrose with HQS on vase life in various cultivars of cut Eustoma grandiflorum 


Cultivar 


Vase life ^l (days) 


Control (water) 


Sucrose + HQS 


Azuma-no-ginga 
Azuma-no-kasumi 
Azuma-no-shirabe 
Piccolo blue 
Piccolo blue picoty 
Piccolo rose 


9.8 

14.4 

11.1 

16.0 

14.4 

20.1 

10.7 

19.0 

11.9 

24.0 

12.4 

19.4 


a): Vase life was determined as the time from harvest to the time when all the florets wilted. 
Cut flowers were kept at 23oC. 


Table 4: Effect of sucrose with HQS on anthocyanin concentrations in various cultivars of cut Eustoma grandiflorum 
Cultivar 

Control (water) Sucrose + HQS 


Anthocyanin concentration 

(OD530 nm gFW' 1 ) 


Azuma-no-ginga 

0.40 

4.31 

Azuma-no-kasumi 

0.17 

2.52 

Piccolo blue 

3.65 

10.10 

Piccolo rose 

1.20 

4.85 


Cut flowers were kept at 23oC. 

Cut Eustoma flowers used in this study were transported in a cardboard box without water for 1 day, and 
then they were immersed in tap water and kept at 23oC for 3 days. In spite of unsuitable conditions for 
cut flowers, the use of sucrose with HQS improved considerably the vase life of cut Eustoma flowers. 
Therefore, the use of sucrose with HQS could become a practical treatment in improving the vase life for 
consumers as preservative. 

4) Snapdragon 
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The flowers of snapdragon (Antirrhinum majus L.) are sensitive to ethylene, and the vase life of the cut 
flowers is relatively short. Furthermore, most of the buds do not open fully and the color of their petals is 
slightly expressedl7,24,34). 

We examined the effects of sucrose application on the vase life of cut snapdragon flowerslO). Continuous 
treatment with sucrose at 25, 50, 75 or 100 g L-l in combination with 200 mg L-l HQS markedly 
promoted floret opening and extended the vase life of flower spikes ( Table 5) . In addition, petal color 
expression was markedly improved by these treatments. The optimum concentration was 50 g L-l. This 
treatment increased the sugar concentrations of petals and suppressed ethylene production of florets. 
These results suggest that the effect of sucrose in promoting bud opening and inhibiting flower 
senescence is probably due to the increase in sugar concentration and inhibition of ethylene synthesis. 

Table 5: Effects of various concentrations of sucrose with HQS on the vase life of cut snapdragon flowers 

Treatment Vase life^ (days) 

DW 

0 g L’ 1 sucrose + HQS 
25 g L-i sucrose + HQS 
50 g L-i sucrose + HQS 
75 g L-i sucrose + HQS 
100 g L-i sucrose + HQS 

a): Vase life was determined as the time from harvest to the time when all the florets wilted. 

Cut flowers were kept at 23oC. 

Conclusion 

As described above, treatment with sucrose not only extended the vase life but also promoted flower 
opening. In addition, sucrose improved the petal color expression. In this paper, I observed that 
continuous treatment with sucrose is very effective in improving the vase life of cut sweet pea, Eustoma 
and snapdragon flowers. Pulse treatment with sucrose was also effective in cut sweet pea and hybrid 
Limonium flowers. These findings suggest that sugars are effective in improving the vase life of many 
cut flowers. In addition, sugars are cheap and safe compounds. However, sugars are not much utilized 
practically in Japan. To keep the quality of cut flowers, the utilization of sugars should be further 
promoted 
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Fig.4. 

Effect of combined treatment with STS 


and sucrose on floret bud opening 


Cut sweet pea flowers were kept at 23°C- 
Flower spikes were treated with water (control), 
0.2mM STS.100gL-l sucrose and 0.2mM STS 
followed by 100gL-l sucrose. 

Date were taken from only the bud with maximum 
growth of each flowering stem. 
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Abstract 

Efficient plant regeneration system of Cucumis figarei and C. metuliferus from cotyledon was developed. Excised cotyledon explants from young seedlings after 3 days of 
germination were cultured on MS medium containing 30 g/F sucrose, 2.5 g/F gelrite and several combinations of phytohormones. In C.figarei, the effect of the 
combination of BA and IAA on shoot organogenesis was investigated. Adventitious shoots were induced from cotyledonary explants and the highest regeneration 
frequency was 40% on MS basal medium supplemented with 1 mg/F BA. It was demonstrated that the use of IAA decreased the regeneration frequency, and the 
application of 2 mg/F IAA suppressed shoot organogenesis completely. Subsequently, other combinations of phytohormones were investigated to improve the 
regeneration frequency. Combination of 1 mg/F BA and ABA (1 or 2 mg/F) increased the regeneration frequency (ca. 60%), while the combination of 1 mg/F BA and 
Zeatin (0.5, 1 and 2 mg/F) did not enhance shoot organogenesis and the addition of TDZ (0.2, 0.5, 1 and 2 mg/F) inhibited shoot organogenesis. In C. metuliferus, the 
highest regeneration frequency was 92.5% when cotyledonary explants were cultured on MS medium with 1 mg/F BA and 0.2 mg/F IAA. Fower concentration of IAA 
(0.2 mg/F) stimulated shoot organogenesis, while a higher concentration of IAA (2, 4 and 8 mg/F) exhibited an adverse effect, and especially, shoot organogenesis was 
suppressed completely by the addition of 8 mg/F IAA. Regenerated shoots were transferred onto MS medium containing 1 mg/F IAA to induce adventitious roots. 
Elongated shoots with adventitious roots were acclimatized and grew to normal plants in the greenhouse. 

Discipline: Biotechnology 
Additional key words: tissue culture 
!~ 23 ); Click here for References 

Introduction 

Melon (Cucumis melo F.) is cultivated over a wide area in the world, and up to now, breeding of melon had been progressing to improve many characters, especially 
disease and insect resistance. It was reported that several wild Cucumis species display a resistance to diseases and insect pests, including the resistance to viruses, 
Fusarium wilt and greenhouse whitefly of C. metuliferus 5,7,14), virus resistance of C. figarei\3) and root knot nematode resistance of C. angria5,l). However, in most of 
the wild species, crossability with cultivated melon is limited2,9), and it is very difficult to promote the introgression of the resistance to diseases and/or insect pests of wild 
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Cucumis species into cultivated melon by cross-pollination. Under these conditions, cell fusion is considered to be a suitable method for the production of hybrids between 
cultivated melon and wild Cucumis species. 

To produce somatic hybrids by cell fusion, it is essential that an efficient protoplast culture system be established and reliable selection methods be also developed. 
Protoplast culture of melon was already reported by several researcher groupsl9,23). In contrast, attempts at plant regeneration of C. metuliferus from protoplasts have been 
unsuccessful), and protoplast culture of other wild Cucumis species has not been reported yet. Although the production of somatic hybrids between melon and pumpkin 
was reported22), the production of interspecific hybrids between melon and wild Cucumis species by cell fusion has not been successful. In the production of somatic 
hybrids by cell fusion, it is important to develop an efficient regeneration system from protoplasts and reliable methods for the selection of somatic hybrids. Several 
selection methods of somatic hybrids in cell fusion had already been reviewed by Bajajl). In the review, reliable selection of somatic hybrids by marker genes, e.g. 
antibiotic resistance genes, introduced into plant through recombinant DNA technology was described. To apply this selection method to the production of somatic hybrids 
between melon and wild Cucumis species, it is essential that selective marker gene(s) be introduced into wild Cucumis species. However, the plant regeneration procedure 
applied to C. metuliferus\5,\6 ) and C. angriaW) was found to be ineffective practically while that of C. figarei has not been reported yet. 

In the present study, the use of phytohormones was evaluated to develop efficient plant regeneration in C. figarei and C. metuliferus. We succeeded in recovering whole 
plants from cotyledonary explants in C. figarei and improving the regeneration system in C. metuliferus. 

Materials and methods 


1) Plant materials and culture conditions 

Peeled seeds of C. figarei and C. metuliferus were surface-sterilized by dipping in a hypochlorite solution containing ca. 1% active chlorite for 10 min, followed by 3 
rinses in sterile distilled water. To ensure uniform germination, seeds were placed in a shallow dish and on a wet filter paper with sterile distilled water for 3 days at 28oC 
in darkness. Afterwards, each cotyledon dissected from seed was cut into 2 pieces and cultured onto MS mediumlO) containing 30 g/L sucrose, 2.5 g/L gelrite and 
phytohormones. The pH of all the media was adjusted to 5.8 prior to autoclaving sterilization at 121oC for 15 min. All the cultures except for the seed germination period 
were carried out under cool-white fluorescent lamps (ca. 2000 lux) and 16 h photoperiod and at 25oC. 

2) Plant regeneration from cotyledonary explants in C. figarei 

Media: Combinations of benzyladenine (BA) (0.5, 1 and 2 mg/L) and indole-3-acetic acid (IAA) (0, 0.2 and 2 mg/L) were used to evaluate the effect on shoot 
organogenesis. Subsequently, effects of 1 mg/L BA combined to several concentrations of abscisic acid (ABA) (0.2, 1, 2 and 4 mg/L), Zeatin (0.5, 2 and 4 mg/L) and 
thiziazuron (TDZ) (0.2, 0.5, 1 and 2 mg/L) on shoot organogenesis were evaluated. The explants were cultured onto the media in plastic petri dishes (90x20 mm). At 4 
weeks after the initial culture, the regeneration frequency was calculated based on the number of explants forming adventitious shoots to that of total explants cultured. 
The experiment was replicated 3 times, and 10 explants were used in each treatment. Adventitious shoots were transferred to MS medium containing 30 g/L sucrose, 2.5 
g/L gelrite and 1 mg/L IAA to elongate shoots and induce adventitious roots. Plantlets with adventitious roots were acclimatized and grew to normal plants. 


3) Plant regeneration from cotyledonary explants in C. metuliferus 

Media: Combinations of BA (0.1, 0.5, 1 and 2 mg/L) and IAA (0, 0.2, 2, 4 and 8 mg/L) were used to evaluate the effect on shoot organogenesis. At 4 weeks after the initial 
culture, the regeneration frequency was calculated based on the number of explants forming adventitious shoots to that of total explants cultured. The experiment was 
replicated 3 times, and 24 explants were used in each treatment. Other conditions were the same as those described above. 


Uc 
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Results 

1) Production of adventitious shoots in C. figarei 

Adventitious shoots of C. figarei were induced on media containing only BA as plant growth regulator ( Table 1 and Fig. 1-A ). Especially, the highest regeneration 
frequency (43.3%) was achieved at 1 mg/L BA. Lower concentration of BA (0.5 mg/L) was insufficient to promote adventitious shoots, and higher concentration of 
BA (2 mg/L) slightly decreased the regeneration frequency (36.7%). However, the addition of IAA into the shoot induction media decreased the regeneration 
frequency remarkably. It was shown that the combination of BA and IAA inhibited shoot organogenesis from cotyledonary explants in C. figarei 

Tablet: Effect of application of phytormones on shoot oraganogenesis in C. figarei 

IAA (mg/L) 


0 

BA 0.5 10.0±5.8 

(mg/L) 1.0 43.3+5.8 

2.0 36.7+5.8 

The experiment used 10 explants in each treatment and was triplicated. 


02 2 

13.3+3.3 0 

10.0+5.8 0 

10.0+5.8 0 


Fig.l: Shoot organogenesis and plant regeneration in C. figarei and C. metuliferus (42 KB) 

As we considered that the regeneration frequency (43.3%) obtained from these experiments was not satisfactory for practical application, other conditions, including 
the combination of 1 mg/L BA and other phytohormones (ABA, Zeatin and TDZ), were investigated to enhance the regeneration frequency. Combination of 1 mg/L 
BA and ABA (0.2 to 2 mg/L) increased the regeneration frequency, and the highest regeneration frequency (63.3%) was achieved when cotyledonary explants were 
cultured with a combination of 1 mg/L BA and 0.2 mg/L ABA ( Table 2) . However, the addition of 4 mg/L ABA did not improve the frequency of shoot 
organogenesis. The regeneration frequency under the combination of 1 mg/L BA and 2 mg/L Zeatin was the same as that with 1 mg/L BA only, while the 
combination of 0.5 mg/L Zeatin decreased the regeneration frequency compared to 1 mg/L BA only (Table 2). TDZ exerted adverse effects on shoot organogenesis in 
C. figarei, and the regeneration frequency decreased remarkably (data not shown). These experiments, indicated that the combination of 1 mg/L BA and 0.2 mg/L 
ABA promoted shoot organogenesis in C. figarei efficiently. 

Table 2. Effect of addition of Zeatin and ABA on shoot organogenesis in C.figarei 

Control ^ Zeatin (mg/L) ABA (mg/L) 

05 2 4 02 1 2 4 


40.0+5.8 


30.0±5.8 43.3±3.3 45.0±5.0 63.3±0 60.0±5.8 60.0±10.0 45.0±5.0 


The experiment used 10 explants in each treatment and was tripliated. 

a): Explants were cultured on MS medium containing 1 mg/L BA, 30 g/L sucrose and 2.5 g/L gelrite. 

Most of the regenerated shoots were elongated and induced adventitious roots on MS medium supplemented with 1 mg/L LAA (Fig. 1-C) . Plantlets acclimatized grew 
vigorously in the greenhouse. 
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2) Production of adventitious shoots in C. metuliferus 

The use of BA only or of a combination of BA and LAA resulted in the induction of adventitious shoots from cotyledonary explants in C. metuliferus ( Fig. 1-B ). The 
application of 1 and 2 mg/L BA could induce adventitious shoots, and the frequencies were 84.4% and 80.0%, respectively. However, lower concentrations (0.1 and 
0.5 mg/L) of BA induced adventitious shoots less efficiently than higher ones. Moreover, the combination of BA (0.1, 0.5, 1 and 2 mg/L) and 0.2 mg/L IAA enhanced 
shoot organogenesis, and the frequencies ranged from 78.8 to 92.5%. Especially, the highest regeneration frequency (92.5%) was obtained under combinations of 1 
mg/L BA and 0.2 mg/L IAA. However, a higher concentration of LAA decreased the frequencies gradually, and the addition of 8 mg/L IAA suppressed shoot 
organogenesis completely at all the concentrations of BA in this experiment ( Table 3) . 

Table 3. Effect of application of phytohormones on shoot organogenesis in C. metuliferus 

IAA (mg/L) 


BA 

(mg/L) 


0 02 

0.1 47.2+19.6 78.8+5.3 

0.5 50.4+12.3 91.1+5.1 

1.0 84.4+4.4 92.5±10.6 

2.0 80.0+7.1 89.6+14.7 


2 4 8 

35.4+8.0 49.6 +4.4 0 

62.5±22.0 25.0±17.6 0 

85.4+4.2 50.1+8.8 0 

66.7+18.0 6.3+8.8 0 


The experiment used 24 explants in each treatment and was triplicated. 


Most of the regenerated shoots were elongated and induced adventitious roots under the same conditions as those for C.figarei ( Fig. 1-D ). Plantlets of C. metuliferus 
also grew vigorously in the greenhouse. 

Discussion 

Combination of phytohormones often determines the course of morphogenesis, e.g. shoot organogenesis or embryogenesis. The use of plant growth regulators is 
essential for the control of morphogenesis in tissue culture. In this report, first of all, the effects of combinations of BA and LAA on shoot organogenesis in C. figarei 
and C. metuliferus were analyzed, because BA and LAA have been most often used for shoot organogenesis in melon3,8,18) and cucumberl7). Combination of BA and 
IAA was also reported to be effective for shoot organogenesis in watermelon4,20). 

Shoot organogenesis and embryogenesis in C. figarei had not been reported yet, and C. figarei was considered to be a recalcitrant plant for plant regeneration from 
tissues. In this report, the regeneration system of C.figarei was investigated and developed as in the case of C. metuliferus. When cotyledons 3 days after forced 
sprouting were cultured in the presence of BA (0.5, 1, 2 mg/L) only or in combination with 0.2 mg/L LAA and BA (0.5, 1, 2 mg/L), several adventitious shoots were 
induced. Addition of LAA into the shoot induction medium suppressed shoot organogenesis. In some regeneration systems via shoot organogenesis in melon and 
cucumber, it was reported that the utilization of auxin was not essential3,17). In the tissue culture of C.figarei, the combination of cytokinin and auxin had tended to 
stimulate callus proliferation, and efficient shoot organogenesis was not achieved, because the conditions of shoot induction from dedifferentiated callus and 
proliferation were not favorable. Subsequently, BA was combined with several kinds of phytohormones to improve the regeneration frequency. It was found that the 
combination of BA and ABA stimulated shoot organogenesis from cotyledons 3 days after forced sprouting. Recently, it has been reported that the addition of ABA 
improved the regeneration frequency via shoot organogenesis and somatic embryogenesis6,17). However, the mechanisms of action of ABA in tissue culture have not 
been elucidated. One of the assumptions was as follows: the induction of ABA when plants experienced several stresses, e.g./low and high temperature, desiccation, 
microbial infection and injury, conferred a certain degree of tolerance against these stresses6). Addition of ABA into the regeneration medium may induce tolerance to 
tissue culture as a kind of stress. 

In C. metuliferus, adventitious shoots were induced effectively in the presence of BA only or in combinations of BA and LAA, especially, the highest regeneration 
frequency was obtained under the combination of 1 mg/L BA and 0.2 mg/L LAA. Orczyk et al.ll) attempted to induce plant regeneration from a leaf of C.figarei and 
C. metuliferus in the presence of several concentrations of 2,4-dichlorophenoxyacetic acid (2,4-D) and 6(y ,y -dimethylallylamino)-purine (2iP). Raharjo and 
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Punjal6) succeeded in the induction of shoot callus derived from petioles in the presence of 2,4-D and BA. Punja et al. 15) also succeeded in the induction of 
adventitious shoots from cotyledon, leaves and petiole. The highest regeneration frequency of 30% was obtained from leaf cultured on MS medium with 5 fjl MIAA 
and 5 fJL M BA. However, Punja et al.15) failed to achieve plant regeneration when these explants were cultured under a combination of a -naphthaleneacetic acid 
(NAA) and BA, or 2,4-D and BA. Based on this information, including our results, it was considered that the utilization of IAA and BA was essential for efficient 
shoot organogenesis in C. metuliferus. Although concentrations of BA and LAA reported by Punja et al.15) and those we used were very close, the regeneration 
frequency was different between the 2 groups. The difference between these reports was attributed to the difference in the explant used in tissue culture, namely Punja 
et al.15) used cotyledon from 8 to 10 days old seedlings and leaves and petiole from 3 to 4 weeks old seedlings, while we used cotyledons 3 days after forced 
sprouting in our experiment. Cotyledons of mature seed or very young seedlings were used for tissue culture in Cucurbitaceae3,4,12,17,18,20). Potential for 
regeneration of several ki nds of explants was examined for shoot organogenesis and embryogenesis in melon, and the regeneration ability of cotyledons of mature 
seeds was found to be higher than that of cotyledons from 7 days old seedlings and leaves and petiole from 3 weeks old seedlingsl8). Based on these reports, it was 
assumed that the ability of cotyledons of melonsis), and watermelon4,20) for plant regeneration gradually decreased when the duration of the period after germination 
increased. For the development of an efficient plant regeneration system in C. metuliferus, it is essential to use a combination of BA and IAA as phytohormones for 
shoot organogenesis and young cotyledons 3 days after forced sprouting were also used as explants. 

The results of our study suggest that efficient regeneration conditions for C./igarei and C. metuliferus may enable to produce transgenic wild Cucumis species, and 
contribute to the development of a regeneration system of protoplast culture in C. figarei and C. metuliferus. 
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A: Shoot 

organogenesis from 
cotyledonary 
explants in C. 
figarei on MS 
medium containing 
1 mg/L BA and 1 
mg/L ABA. 


B: Shoot 

organogenesis from 
cotyledonary 
explants in C. 
metuliferus on MS 
medium containing 
1 mg/L BA and 0.2 
mg/L IAA. 


C, D: Plantlet in C. 
figarei and C. 
metuliferus growing 
on MS medium 
containing 1 mg/L 
IAA, respectively. 


E: Regenerated 
plant in C. 
metuliferus growing 
in greenhouse. 
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Abstract 

Acetosyringone, which is one of the phenolic compounds produced by wounding plant tissues, actively induces the transfer of T-DNA from 
Agrobacterium to plant. To produce transgenic calli from tea plant ( Camellia sinensis), leaf explants of the tea plant were co-cultivated with 
Agrobacterium tumefaciens LBA4404 harboring pBI121 under different acetosyringone concentration conditions. After the infection, these explants 
were placed on a medium containing 200 mg/L kanamycin and then resistant calli were selected. Although callus differentiation was not observed 

without acetosyringone at 10 Mm application, resistant calli were obtained from the explants treated with acetosyringone. In particular, the 
application of 500 Mm of acetosyringone promoted the production of resistant calli. When the fluorogenic assay was carried out to detect the GUS 
gene expression, one resistant callus showed the activation. In addition, PCR and PCR Southern blot analyses confirmed that the resistant calli were 
transformants. 

Discipline: Biotechnology/Plant breeding/Tea industry 
Additional key words: acetosyringone 
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Introduction 

Plant genetic transformation has been applied to many crop plants and some of the transgenic plants have been used commercially in recent years. 
Although some transformed woody plants also have been produced, such as apple 6 ), kiwi fruit 17 ), citrus 11 ) and poplar 1 ), the number of woody plants 
species giving rise to transformants is limited. Since successful transformation is based on tissue culture techniques, regeneration from plant tissues 
or protoplasts, cannot be easily established for many woody plants. 

Tea plant ( Camellia sinensis), one of the important crops for beverage, is a woody plant. No stable technique of foreign gene introduction to the tea 
plant has been developed. For tea plant breeding, transformation technology will be a powerful tool. Tabukita', a leading variety of tea which 
covers 74% of the tea fields in Japan, is susceptible to several pathogens. To alleviate these shortcomings, genetic engineering including a reliable 
transformation system is required. Several gene introduction methods, such as electroporation, PEG, bombardment and Agrobacterium- gene 
mediation, have been developed up to the present. In tea tissue culture, regeneration from protoplasts to a whole plant is difficult but possible from 
stem tissues or cotyledons. Although the ratio of infection is low, Agrobacterium can infect tea. In addition, Agrobacterium- gene transfer method 
does not require any expensive equipment, such as particle gun. Therefore, the Agrobacterium-gene mediated system is considered to be suitable for 
tea. At first we attempted to improve the ratio by the application of acetosyringone which is one of the phenolic compounds produced by wounding 
plant tissues and which induces the transfer of T-DNA from Agrobacterium to plants 1 ’ 11116 ). In this study, we demonstrated that the use of 
acetosyringone is effective for Agrobacterium-gene transfer to the tea plant and enables to produce some transformed tea calli. 

Materials and methods 

1) Plant tissues and co-cultivation 

Leaf was cut from in vhro-cultured tea plant which was a natural seedling of 'Sayamakaori' and prepared to approximately 10x10 mm fragments as 
an explant. The plant medium used in this study consisted of Murashige and Skoog 12 ) standard 0.8% agar solid medium containing 3% sucrose, 0.5 
mg/L IB A, 10 mg/L BA. Co-cultivation media with Agrobacterium contained acetosyringone at final concentrations of 10, 100 and 500 1 1 M. 
Agrobacterium tumefaciens LBA4404 containing a binary vector pBI121 was used. The leaf explants were inoculated with Agrobacterium and 
cultured on the media for 2 days in the dark at 28°C. The leaf explants were washed with water, treated with carbenicillin (500 mg/L) to kill 
Agrobacterium and then transferred to a selective medium containing kanamycin (200 mg/L) and carbenicillin (500 mg/L). These explants were 
cultured under a 16 h/light, 8 h/dark, regime in a clean room controlled at 25°C and also transferred to fresh selective medium every 2 weeks. 

2) Callus proliferation and evaluation 

We developed a growth index(G.I.) indicated below and evaluated the degree of differentiation of callus from the explant 2 months after transfer to 
the selective medium. 

0; Callus did not differentiate. 

1; Callus differentiation only occurred at the periphery of the explants. 

2; Callus covered about less than 30% of the explants. 

3; Callus covered about more than 30% of the explants. 

3) GUS fluorogenic assay 
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A binary vector plasmid (pBI121) contained a selective gene, NPTII, and a marker gene encoding the GUS controlled by the CaMV35S promoter. 
The fluorogenic assay was carried out as described by Jefferson 7 ). One resistant callus was ground with sand in lysis buffer (50 mM NaH2P04, pH 
7.0,10 mM EDTA, 0.1% Triton X-100). After centrifugation, 1 mM MUG buffer was added to the supernatant solution and the solution was 
incubated at 37°C for 2 h. A tube containing the solution was placed on an ultraviolet light box and the blue fluorescence was observed. 

4) PCR and PCR Southern blot analyses 

DNA was isolated from the resistant or non-resistant calli according to the method of Guillemaut 3 ) with modifications and less than 10 ng DNA was 
used for the PCR template. Primer sequences were 5-GCATACGCTTGATCCGGCTACC-3 and 5-TGATATTCGGCAAGCAGGCAT-3 for the 
NPTII gene and 5-GAACAACGAACTGAACTGGCA-3 and 5-CTAGTGCCTTGTCCAGTTGC-3 for the GUS gene. Length of target DNA 
fragments of the NPTII or the GUS genes was 221 bp and 291 bp, respectively. Samples for enzymatic amplification were subjected to 30 
repetitions of the following thermal cycle: 1 min at 95 °C, 2 min at 55°C and 3 min at 72°C. 

The amplified DNAs were electrophoresed in 0.8% agarose gel, stained with ethidium bromide and visualized by illumination with ultraviolet light. 
Then DNAs were transferred to Hybond N+ (Amersham) membranes and hybridized with fluorescein-labeled probes from the NPTII or the GUS 
DNA fragments. Hybridization was performed at 65°C overnight. After hybridization, the membranes were washed with 0.2xSSC, 0.1% SDS at 
65°C for 15 min twice. Chemical detection was carried out on X-ray film according to the manufacturers’ manual (Amersham). 

Results 

Results of callus differentiation from tea explants are shown in Table 1 . Tea calli differentiated at the periphery of the explants and proliferated on 
the MS agar solid medium containing BA and IBA without antibiotics after 2 months. Fourteen explants showed a growth index (G.I.) of 2 and calli 
from 6 explants also proliferated up to G.I. 3. On the other hand, calli on the selective medium containing 200 mg/L kanamycin did not grow even 
to G.I. 1. Therefore, the selection of kanamycin 200 mg/L was effective for the inhibition of normal differentiation or proliferation from the 
explants. These results also indicated that acetosyringone did not affect kanamycin selection since no relationship between the concentration of 
applied acetosyringone and the G.I. was observed. 

Table 1. Effect of acetosyringone application on differentiation of resistant callus from tea leaf explants 


Concentration of 


No Agrobacterium inoculation 



Agrobacterium inoculation 


acetosyringone 


Growth index 




Growth index 


mini) 

0 

1 

2 

3 

0 

1 2 

3 

0 a ) 

0 

0 

14 

6 




0 

10 

0 

0 

0 

20 

0 0 

0 

10 

4 

6 

0 

0 

17 

3 0 

0 

too 

4 

6 

0 

0 

9 

7 4 

0 

500 

4 

6 

0 

0 

5 

9 2 

5 


a): No. of differentiated with on a medium without antibiotics. 


None of the explants inoculated with Agrobacterium on the medium without acetosyringone or application of 10 mM induced calli on the selective 
medium. When 100 mM acetosyringone was used, 4 of the 20 explants induced G.I. 3 calli, and 5 calli in the 500 mM experiment could proliferate 
up to G.I. 3. These calli continued to grow on the selective medium and became green. Multiple transfers to the fresh medium were carried out to 
prevent the loss of antibiotics and contamination of Agrobacterium. Elimination may occur since Agrobacterium was not detected when part of the 
resistant calli was placed on LB agar medium. Therefore we attempted to use 5 calli in 500 mM for further analyses to determine whether these calli 
consisted of transformed cells. 

To detect the expression of the GUS gene, we carried out a fluorogenic assay. The intense blue fluorescence of the resistant calli under UV light 
was stronger than that of the negative control ( Fig. 1 ). In the PCR analysis, 221 bp (NPTII) and 291 bp (GUS) DNA fragments were detected by 
staining callus No. 2 ( Fig. 2, lane 5 ) with ethidium bromide as in the case of the positive control, pBI121, and a weak signal which showed the 
amplified 221 bp of NPTII was observed in callus No. 1 (lane 6). Hybridized fragments were observed not only in No. 1 and 2 calli but also in No. 

5 callus ( Fig. 3 ). Since the target DNA in a negative control experiment was not amplified, we assumed that calli No. 1, 2 and 5 consisted of 
transformed cells. 

Fig.l: Detection of GUS activity in resistant callus by fluorogenic assay (10 KB) 

Fig.2: Detection of amplified DNA fragments which are parts ofNPTII (left) and GUS genes (right) in resistant callus genome by PCR analysis 

6 Fig.3: Detection of hybridized DNA fragments with fluorescein-labelled probes, NPTII(left) and GUS genes (right)by Southern analysis of 

PCR products (18 KB) 

Discussion 

Several attempts to produce transgenic tea plants made until now had not been successful. The tea plant is, therefore, considered to be one of the 
recalcitrant plants for transformation. We selected the Agrobacterium- mediated gene transfer system as mentioned above. Tea plant is infected with 
Agrobacterium but shows a tendency to be resistant in the field, because the probability of observing natural crown galls on tea roots is low and 
even if it occurred, the damage would not reach an economic level. In the process of transformation through Agrobacterium, the low efficiency of 
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the infection is a disadvantage which must be overcome. At first we tried to improve the ratio by using acetosyringone which had been employed to 
obtain transgenic plants, not only dicotyledonous plants such as Arabidopsis 15 ), sugar beet 5 * and tomato 8 ), efficiently but also monocotyledonous 
plants including rice 4 ). In these reports, acetosyringone was used at final concentrations ranging between 0.1 and 100 mM. The promotion of the 
expression of Vir genes began at 0.1 and reached a maximum level at 100 M 16 ). In this study the resistant calli only emerged by the application 

of higher concentrations of acetosyringone. Application of 100 M M also promoted tea callus differentiation and callus grew up to G.I. 2. Since the 
G.I. 2 callus was resistant to kanamycin, it was considered that it consisted of transformed cells. These results indicated that the application of 
acetosyringone to the medium was very effective for tea cell transformation using leaf explants and the concentration for tea was higher than that of 
other plants. 


One resistant callus showed the GUS gene expression, and PCR and Southern blot analyses revealed that 3 calli were transgenic. However, we 
could not confirm that 2 of the 5 resistant calli were transformants by PCR and PCR Southern analyses. The lack of amplification of the target DNA 
fragments of the 2 calli could not be explained, but may be due to the low concentration of template DNA under the current PCR thermal 
conditions. 


Our final objective is to develop a technique for the introduction of foreign genes in the tea cells and production of transgenic tea plants by practical 
gene introduction. The tea plant can regenerate from cotyledon 13 ) and stem 9 - 14 ) in in vitro tissue culture. To produce a whole transgenic tea plant, it 
is necessary to combine 2 techniques for foreign gene introduction and regeneration from transgenic cells. We demonstrated that acetosyringone 
application was effective in the production of transgenic tea cells. These results will be applied in a following study to produce whole transgenic tea 
plants. 
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Fig.l. 

Detection of GUS activity in resistant callus by fluorogenic assay 
Left: Non-resistant callus, 

Right: Resistant callus. 
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Detection of amplified DNA fragments which are parts of NPTII (left) and GUS genes (right) in resistant callus genome by 
PCR analysis 

Arrows indicate length of target DNA amplified by PCR. 

Lane 1: non-resistant callus (as negative control). 

Lane 2 to 6: resistant calli, calli No.5,4,3,2,and 1, respectively. 

Lane 7: pBI121 (as positive control). 
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Detection of hybridized DNA fragments with fluorescein-labelled probes, NPTII (left) and GUS genes (right) by Southern 
analysis of PCR products 

Arrow indicate length of target DNA amplified by PCR. 

Lanel: Non-resistant callus (as negative control). 

Lane2 to 6: Resistant calli, calli No.5,4,3,2, and 1, respectively. 

Lane7: pBI121 (as positive control). 
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Abstract 

Electrons with energies of 300 keV or lower were defined as "soft-electrons". Soft-electrons eradicated 
microorganisms residing on the surface of grains, pulses, spices and dehydrated vegetables, and reduced 
their microbial loads to levels lower than 10 CFU/g. Soft-electrons penetrated only into the surface of 
grains and did not significantly degrade starch molecules inside grains. The use of electrons with a higher 
energy and with a higher penetration capacity resulted in a higher thiobarbituric acid value (TBA, 
parameter for lipid oxidation) of brown rice. Milling of rice at a yield of 90% or 88% after exposure to 
electrons resulted in a TBA value of rice treated with electrons at 65 keV almost the same as that of 
untreated rice, indicating that the milling process removed the portion of brown rice exposed to 
soft-electrons. It is concluded that soft-electrons can decontaminate dry food ingredients with few 
adverse effects on the quality. 

Discipline: Food 

Additional key words: grains, pulses, spices, dehydrated vegetables 
1 — 12 ): Click here for References 

Introduction 

Grains, pulses, spices and dehydrated vegetables are frequently contaminated with microorganisms, 
especially heat-resistant bacterial spores, although they are widely used for food processing. Bacterial 
spores contaminating these dry food ingredients can not be inactivated completely by heating processes 
such as steaming and boiling at food processing plants. Thus dry ingredients for food processing should 
be decontaminated to prevent food spoilage and food-borne diseases. Decontamination techniques 
including fumigation with ethylene oxide gas (EOG), irradiation with ionizing radiation and treatment 
with super-heated steam are applied to some of the dry food ingredients. However, these techniques are 
associated with some drawbacks. EOG fumigation is prohibited in Japan, because of the carcinogenic 
effect of the residues. Irradiation with gamma-rays or electron beams can effectively inactivate bacterial 
spores contaminating spices and dehydrated vegetables with minimal quality alteration, and irradiation of 
spices is practiced on a commercial basis in more than 20 countries 12). However, irradiation of food 
products other than potato is not approved in Japan. Irradiation at high doses for decontamination is not 
applicable to grains such as rice and wheat. Ionizing radiation causes oxidation and degradation of 
components such as lipid and starch molecules 1,11,12), which results in quality deterioration of grain 
products such as noodles and rice cake in terms of flavor and texture. Treatment with super-heated steam 
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is the only method widely used for decontaminating dry ingredients in Japan. However, super-heated 
steam sometimes brings about changes of flavor and color of dehydrated vegetables and herbs. No 
method has been developed for decontaminating all the dry food ingredients. 

It is generally recognized that since most of the microorganisms contaminating dry food ingredients 
reside on their surfaces, the inner parts do not have to be exposed to heat, gas or radiation for 
decontamination. The penetration capacity of an electron beam is controlled by the energy; electrons 
with lower energies display lower penetration capacities2). We have defined low-energy electrons at 300 
keV or lower as "soft-electrons". Soft-electrons reach only the surface of food, and the quality changes of 
food caused by such electrons are expected to be much more limited than those caused by gamma-rays or 
high-energy electron beams with much higher penetration capacities. We carried out studies on the 
efficacy of soft-electron treatment to decontaminate dry food ingredients. 

Equipment for soft-electron treatment 

Dry ingredient samples were treated with soft-electrons under rotation to expose all the sample surfaces 
to electrons with low penetration capacity. A grain rotator was developed which enabled samples to 
rotate by shaking and vibrating them simultaneously at variable speeds ( Fig. 1 ) . The rotator was placed 
under the window of a Van de Graaff electron accelerator (Nissin High Voltage Engineering Co., Ltd., 
Kyoto, Japan), which generated electrons at acceleration voltages of 170-300 kV. The distance between 
the window of the electron accelerator and the plastic tray of the grain rotator was 17 cm. 

Fig. 1. Grain rotator for treating grains with low-energy electrons (22 KB) 

Penetration capacity of soft-electrons 

Penetration capacities of soft-electrons at different energies were determined based on depth-dose curves. 
Several pieces of radiochromic film dosimeter (RCF) (5.94 mg/cm2, FWT-60-00, Far West Technology 
Inc., Goleta, California, USA) were stacked together in layers at the bottom of the plastic tray of the 
grain rotator (C of Fig. 1) which was placed under the window of the electron accelerator at a distance of 
17 cm, and irradiated with electrons for 60 min under various conditions (170 kV, 4/X A; 180 kV, 8 
/X JA; 190 kV, 10 fJL [A; 200 kV, 14 /X A). Absorbances at 510 nm of all RCF films before and 30 min 
after irradiation were measured and the dose absorbed by each RCF film was determined according to the 
method of McLaughlin et al.8). 

Energies of electrons at a distance of 17 cm (air) from the window (50 /X m thick titanium) of the 
electron accelerator were lower than those of the electrons at the window (acceleration voltage). The 
energies of electrons irradiating samples at 17 cm from the window were estimated to be 60, 75, 90, 100, 
130, 160 and 210 keV for acceleration voltages of 170, 180, 190, 200, 225, 250 and 300 kV, respectively, 
based on the mass stopping power of air and titanium7,10). 

Depth-dose curves of electrons at various energies were developed by plotting all the absorbed doses 
determined with RCF films ( Fig. 2 )6). The penetration capacity of electrons at 60 keV was about 6 
mg/cm2 and that at 75 keV was about 10 mg/cm2, while those at 90 and 100 keV were lower than 17.82 
mg/cm2 (5.94 mg/cm2 x 3 pieces). Doses absorbed by the first RCF film for 1 h were about 30, 58, 70 
and 110 kGy at 60, 75, 90 and 100 keV, respectively (Fig. 2)6). 
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Fig. 2. Depth-dose curves of electrons determined with radiochromic film dosimeter (RCF) (25 KB) 

Sterility and viscosity of grains exposed to soft-electrons 

Energies of electrons necessary to reduce microorganism levels to less than 10 CFU/g were 75 keV for 
brown rice, 130 keV for rough rice, 75 keV for wheat and 160 keV for buckwheat (Table 1) 5). The 
results suggested that most of the contaminating microorganisms resided in the region that the electrons 
with such low energies could reach. Gamma-rays at 7.5-12.5 kGy were necessary to achieve the same 
levels of sterility. 

Table 1: Sterility of grains exposed to low-energy electrons or gamma-rays (CFU/g) (73 KB) 

Viscosity of heat-gelatinized grain suspensions decreased with the energy of electrons (Table 2) 5). 
Viscosity of brown rice and wheat treated with electrons at 75 keV was almost the same as that of 
untreated samples. Viscosity of rough rice and buckwheat exposed to electrons at 130 keV was slightly 
lower than that of untreated samples, but much higher than that of the samples irradiated with 
gamma-rays at 10 kGy. The viscosity values of a grain suspension which was heat-gelatinized under an 
alkaline condition is a parameter for starch degradations,4). The results suggested that electrons with 
minimum energy for decontamination did not degrade starch molecules inside the grains. 

Table 2: Viscosity of 7.5% aqueous suspensions of grains exposed to low-energy electrons or 

gamma-rays (mPa.s) (39 KB) 

The applicability of soft-electrons to wheat depended upon the variety of wheat. Soft-electrons could 
decontaminate wheat grains of Australian Standard White (ASW), Shirogane and Western White (WW) 
varieties, but could not decontaminate those of Dark Northern Spring (DNS), Norin No. 61 and No. 1 
Canadian White (1CW) varieties ( Table 3) . No relationship was observed between the application of 
soft-electrons and the sensitivity of the contaminating microorganisms to gamma-rays. The difference in 
the application of soft-electrons was ascribed to the structure of the wheat grain. In varieties such as 
DNS, Norin No. 61 and 1CW, microorganisms would reside in areas which soft-electrons did not reach. 


Table 3: Sterility of various wheat samples exposed to low-energy electrons of gamma-ryas (CFU/g) 

(42 KB) 


He 

Ha. 
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Fig.l. 

Grain rotator for treating grains with 
low-energy electrons 

A; Shaker, 

B; Vibrator, 

C; Plastic tray, 

D; Speed controller for shaker, 

E; Speed controller for vibrator, 

F; Grain. 
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Fig.2. Depth-dose curves of electrons determined with 
radiochromic film dosimeter (RCF) 
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Table 1. 

Sterility of grains exposed to low-energy electrons of gamma-rays (CFU/g) 
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IJOfceV, 32^A. Iran 

1.3* 10* ±U*I0 j 

5 3* It) 4 i2.1 x 10* 

5,9 x JO 3 1 2,8 x L0 J 

<100 

1 JO Lev, 22^ 4 min 

<10 

1.0* IQ 4 ± 6.6 x 1Q J 

<10 

<10 

IJOkeV, 22?A, 6 tain 

<10 

<100 

< 10 

<10 

160 itV, 4flf<A h 0,5 min 

7.4 x IQ 1 ± 1.8* I0 ! 

1.3* I0 4 + 4J*I0 4 

2.0 x 10 4 ± B.9 x 10 4 

9.7x Ifl 1 + S.Ox lO 1 

IWfccV, 40fjA, 1 ran 

1.3 w I0 1 ± LI x I0 1 

5 7* lO^Z.SxlO 2 

4,3 * 10 J ± 1, t * 10 J 

1.3 * 10* ± 1.6* I0 1 

160 keV, 40 pA. 2 min 

<10 

2.2 x I0 1 ± 2.0* 10 2 

<10 

<10 

160 keV, 40M, 3mn 

<10 

<10 

< 10 

<10 

2E0 fccV, 40ju A, 0.5 rain 

14 X lfl J ±7.1 * |0 J 

1,3 x 10 s ±3.3* It) 4 

<,7*10** 1,3*10* 

6,7 x KFii.Gxict 1 

2tO kcV. 40 p A. 1 min 

<100 

8,Ox i0*± 4.4* I0 1 

4.5 X 10 1 ± Z,a x 10 J 

<100 

2tO kcV, 40j*A, 2 min 

<10 

<10 

<10 

<I0 

HO kcV. 40 p A, 3 min 

<10 

<10 

<10 

<10 

'j-ray, 2.5 kGy 

2.2 x |0 4 + 3.&x I0 J 

3.2* I0 i ±4.2*l0 1 

2.5* 10* ± 4.7 * I0 J 

2.0 x tO 1 ±2 ix I0 1 

Tf-rny,. 5,0 kCy 

3.3 x I0 J + 1.6 * I0 J 

8.4* I0 4 ±3.&*IO 4 

4.6 * I0 1 ± 1.4 x I0 4 

<I00 

Tr-raif, 7.5 kCy 

5.S x ID 1 ± 1.9*I0 2 

7.4 x ld J *3.2* |0 J 

7.5 *10*1 6.3 *10' 

<10 

lO.O kGy 

<10 

6.3 * 10* ±3.2*10* 

<10 

<10 

7 -ray,, 13.5 kGy 

<10 

< 100 

<10 

<10 

a): Unseated sample, b): 

Data not obtained. 

Source: Hay&chi el al. (IW7) S| . 
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Table 2. 

Viscosity of 7.5% aqueous suspensions of grains exposed to low-energy 


electrons or gamma-rays (mPa.s) 



Brown Hoc 

Hough rice 

Wheat 

Buckwheat 

Control d) 

211,1 X li.5 c| 

149.5 17*7* 

287,4 ± l*,; 11 ' 4 ' 

211,3 ±21,6* 

75keV. fipA, 40min 

206,0 ± 3,5* 

_u 

293,6+12,5^’ 


lOOlteV, ItM, Mmin 

18S,9±B,6*-* 

147,3 ± |,9* 

246,6 ± 10.8 "■* 

199.9 1 25.4 fl 

llU keV, Zip A, 6 min 

146,7 ± 11,9"- w 

137.3 ± 7, J« 

306*4 i 3.5*>' 

192.5 1 €,4 fl 

l60 kcV, 40pA, 3 min 

136.2 ±4.6“ 

133.4 ± 4 + fArt 

192.8 ± 8,0 <b * 

165.6 ±7.5“ 

210 keV, 4rtpA, 3 min 

88.5 ± 3,0“ 

105.5 ± 6J iA * 

133.6 ±3,6“ 

108,7 ± 10.9“ 

y-ray, 0,1 kGy 

196 A ± 4*1 

138.3 + 5,6* 

246.5 ± M 1 -* 

189.61 12.1* 

y-ray* 0,5 kCy 

160,8 ± s.5«^ 

117.91 5.S'" 

211.3 + 4.7-^ 

145,2+8 3'^ 

y-ray, 10.0 kCiy 

1LI ± l.O 1 ** 1 

31.914,9“ 

34.61 1,7“ 

26.8 ± 4.6“ 


a) : Signilkatuly different from control (P<0,0$>. 

b) ; Sifnirkamly different from wimples irradiated at Q, | kCy with gumma-rays (P<O.0S>. 
C>: Signifkantly different from simples irradiated at O.S kGy wilh gumma-rays (P<C, 05 )- 
d>: Untreated sample, e): Data not obtained. 

Source: Hayashi ct at (!997|“, 
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Table 3. 


Sterility of various wheat samples exposed to low-energy electrons or gamma-rays (CFU/g) 



ASW 

Shi rogue 

DNS 

Norm No. 61 

ww 

Control*’ 

2.7x10*11.2x10* 

3.5 x 10* 11.5 x 10* 

3.3x10*13.7x10* 

9.0x10*15.1x10* 

6.0x10*12.1x10* 

7Jk«V. 4 (iA, 43 min 

<10 

<10 

2.2x10*18.9x10* 

3.0x10*11.8x10* 

<10 

75 keV. 4 jiA, 90 min 

<10 

<10 

3.6x10*11.7x10* 

2.1x10*11.1x10* 

<10 

100 keV. 14 fiA, IS min 

<10 

<10 

1.8x10*11.7x10* 

3.6x10*11.2x10* 

<10 

100 keV. 14 pA, 30 min 

<10 

<10 

2.7x10*11.4x10* 

9.1x10*17.7x10* 

<10 

210 keV, 40 xA, 2 min 

<10 

<10 

l.4x|0*±l.|x|0* 

6.5x10*18.0x10* 

<10 

210 keV. 40 jlA, 4 min 

<10 

<10 

1.4x10*11.1x10* 

3.8 x 10*11.7 x 10* 

<10 

400 keV. 40 >iA. 2 min 

<10 

<10 

<10 

<10 

<10 

7*ray. 2.S kGy 

2.5 * 10*14.7 x 10* 

3.2x10*17.0x10* 

2.8x10*17.7x10* 

7.3x10*12.3x10* 

3.9x10*15.4x10* 

7-ray, 5.0 kGy 

4.6 x |0* 11.4 x JO* 

1.3x10*15.7x10' 

1-2x10*13.3x10* 

<100 

1.3x10*14.5x10* 

7-ray. 7.5 kGy 

7.5x10* 16.3x10' 

<100 

6.5x10*13.2x10* 

<10 

<100 

7-ray, 10.0 kGy 

<10 

<10 

<10 

<10 

<10 


a): Untreated sample. 


icw 

2.8 x 10 s £ 1.1 x 
I.8xl0*±7.3x 

2.1 x 10*18.9 x 

2.2 x 10*±5.4 x 
1.7 x 10*17.9 x 

2.3 x 10*11.3* 

1.9 x 10* ±9.5 x 

<10 

S.2x|0*± 9.2x10' 
<100 
<10 
<10 
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Quality of milled rice prepared from brown rice treated with soft-electrons 

Both Koshih ik ari and Nihonbare could be decontaminated with soft-electrons even at 60 keV6). No 
significant difference in the viscosity was observed at any milling yield between the control and the rice 
grains exposed to electrons at 60-90 keV. Milling reduced the effect of electrons on the viscosity; milling 
of rice grains at a yield of 88% did not result in a significant difference in the viscosity between untreated 
samples and 100 keV-electron treated samples6). However, milling did not affect the viscosity of rice 
irradiated with gamma-rays. The results suggested that soft-electrons degraded starch molecules near the 
surface of rice grains, which could be removed easily by milling. On the contrary, gamma-rays degraded 
all the starch molecules in rice grains most of which could not be removed by milling6). 

Thiobarbituric acid (TBA) value is a parameter of lipid oxidation. TB A value of brown rice increased 
with the energy of electrons. TBA values of brown rice samples exposed to electrons at 60-100 keV were 
significantly higher than that of untreated control {Table 4) 6). The use of gamma-rays at 7.5 kGy resulted 
in a higher TBA value than that of electrons with energies of 60-100 keV. Milling decreased the TBA 
values of all the samples, especially those of electron-treated samples. Accordingly, the differences in the 
TBA values between the control and the electron-treated rice grains decreased markedly after milling. 
The difference in the TBA values between the control and the rice samples exposed to electrons at 60 
keV was not significant at a milling yield of 90% or lower, and the difference between the values of the 
control and the rice samples exposed to electrons at 75 keV was not significant at a milling yield of 88%. 
The results suggested that most of the lipids oxidized by electrons at 60 and 75 keV were removed by 
milling at yields of 90 and 88%, respectively. 

Table 4: TBA values of rice exposed to low-energy electrons or gamma-rays (22 KB) 

Hardness and stickiness under low and high compressions of cooked rice grains (90% milling yield) 
exposed to electrons at 60-75 keV were almost the same as those of the control {Table 5) 6). Hardness and 
stickiness under low and high compressions of gamma-irradiated samples were lower than those of the 
control. Hardness and stickiness under low compression are parameters for rheological properties of the 
surface of cooked rice grains, and those under high compression are parameters for the properties of 
overall cooked rice grains9). The results showed that rice grains which were exposed to electrons at 
60-75 keV and milled at a yield of 90% displayed the same rheological properties as the control. The 
results shown in Tables 4 and 5 indicate that milling at yields of 88-90% removed the portion of rice 
exposed to electrons at 60 keV which could eradicate most of the microorganisms contaminating brown 
rice. 

Table5: Physical properties of cooked rice graina) (34 KB) 

Decontamination of other ingredients 

Soft-electrons at 100 keV reduced the microbial loads of shredded dehydrated vegetables to levels lower 
than 10 CFU/g, although the time necessary for electron treatment was different {Table 6) . Longer 
duration of electron treatment was necessary for dehydrated vegetable samples which required a higher 
dose of gamma-rays for disinfection. The microorganisms contaminating dehydrated vegetables showed 
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the same resistance to soft-electrons as to gamma-rays. Black pepper could be decontaminated with 
electrons at 210 keV, while white pepper, basil and coriander could be decontaminated at 100 keV. 
Pulses such as soybean, adzuki bean and black soybean could be decontaminated with electrons at 60 
keV. 

Table 6: Sterility of dehydrated vegetables exposed to low-energy electrons (CFU/g) (59 KB) 


Conclusion 


Soft-electrons can decontaminate dry food ingredients such as grains, dehydrated vegetables, spices and 
pulses with minimal quality deterioration. The portion of grains exposed to electrons is removed as husk 
and bran by dehusking and/or milling. Therefore chemical compounds formed by electron exposure are 
removed by dehusking or milling and no such compounds occur in the edible parts of grains. 


Electrons with such low energies do not require a thick shield due to their low penetration capacity, 
which enables in-line decontamination at food processing plants. Facility to expose all the ingredient 
surfaces uniformly to soft-electrons on a large scale in a short period of time should be developed to 
industrialize this decontamination technique. 


& orward to: -Long-Term Storage of Guazuma crinita Mart.In Vitro Cultures- 

Ha ack to: Contents 

#!b ack to: JIRCAS home page 
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Table 4. 

TBA values of rice exposed to low-energy electrons or gamma-rays 


followed by milling (nmol/g of rice) 


Milling yield 


IM%*> 

92* « 

90% * 

w** 

Control 45 

17.69 ± 1.55 

4.95 ± 0.78 

4.7J + 0,69 

4,23+OS 1 

SO keV T 4 fiA, *5 min 

29.68 ± 2.66 rt 

7.98 1 0.20° 

5,11 +0J0 

4,7J±0,S7 

75 keV, B pA, 50 min 

54.21 ±6.4& (l 

9.05 10.8^ 

i. J7 ± 0.80*5 

5.43 ± 0-77 

WlHV, |0 f A. IS min 

4L45±0.»« l 

13.SS13.W* 

9,47 ±0-71 *» 

9.43+ 091 

IQOkeY, l4pA. IS min 

57.66 ± 2.47 *■ 

19.74+0,67*5 

14.53 ±0,28^ 

11.70 ± 0,74 e> 

t s toy 

60.59 ± 3.64«i 

46 5913-M 1 * 

43.831 3.08* 

43.25 ±4.70* 


a): Untreated sample, b): n=3; mean + standard deviation, 
c): Significantly different from control (P<0.05). 


Source: Hayashi et al. (1998) 6 ) 


[BOjBack 
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Table.5 

Physical properties of cooked rice grain a ) 

Low compression High compression 

Hardness c) Stickiness 0 Hardness 0 Stickiness 0 

(10 4 dyne) (10 4 dyne) (10 6 dyne) (10 s dyne) 


Control 0 




7.02 

± 

0.57 

2.13 

±0.28 

2.03 

± 

0.25 

4.88 

± 

0.49 

60 keV, 

4/tA, 

45 

min 

6.94 

± 

0.48 

1.94 

±0.23 

1.99 

± 

0.33 

5.03 

± 

0.41 

75 keV, 

8*A, 

30 

min 

7.08 

± 

0.56 

2.09 

±0.28 

1.99 

± 

0.21 

4.83 

± 

0.38 

90 keV, 

10>iA, 

25 

min 

6.74 

± 

0.44 

1.64 

± 0.29° 

1.71 

± 

0.18 

4.76 

± 

0.72 

100 keV, 

14 (iA, 

15 

min 

6.57 

± 

0.51 

1.59 

±0.19° 

1.52 

± 

0.13 d > 

4.81 

± 

0.48 

7 -ray, 7.3 

i kGy 



4.89 


0.89 d) 

0.77 

±0.17° 

1.06 

± 

0.14 d > 

4.46 

± 

0.45 


a) : Rice sample were exposed to electrons or gamma-rays followed by milling at 90%yield, and then cooked. 

b) : Untreated sample, c): n=3; mean + standard deviation, d): Significantly different from control (P<0.05). 
Source: Hayashi et al. 19986). 


f^Back 
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Table.6. 

Sterility of dehydrated vegetables exposed to low-energy electrons (CFU/g) 



OmafC pcci 

Green tow 

Panley 

Leek 

On km 

Burdock 

Carrot 

Muihroom 

Control 

4.6 * 10*42.6* 10* 

1.6* 10* 4 2.5* 10* 

2.7* 10*4 l.l * 

0* 9.0*10*43.1*10* 1.2 

i* 10*46.4* 10* 9.0 *10* ±1.4* 10* 6.7* 10*44.5* 10* 2.4 * 10*47.6* 10* 

200 kcV. 15 min 

2.6x 10*4 3.1 * 10 1 

7.3* 10*42.9* 10* 

<100 

5.0* 10*42.1* 10' 

<100 

<100 

1.2* 10*41.2* 10' 2.5* 10*45.7* 10' 

200 keV, JO min 

1.4* 10* £9.1 * 10* 

3.3 * 10* ±1.2 * 10* 

<10 

<10 

<10 

< 10 

<100 

<100 

200 k«V, 4J min 

<100 

1.3* 10*4 2.3* I0 4 

<10 

<10 

<10 

<10 

<10 

< 10 

200 kcV, 60 min 

<10 

2.1* 10*4 l.l * 10* 

<10 

<10 

<10 

<10 

<10 

<10 

200 k«V, 90 min 

<10 

1.5*10*41.2 *10* 

<10 

<10 

<10 

<10 

< 10 

<10 

200 keV, 120 min 

<10 

<100 

<10 

<10 

<10 

<10 

<10 

<10 

200 kcV, 150 min 

<10 

< 10 

<10 

<10 

<10 

<10 

<10 

<10 

Vrty. 2.5 kGy 

1.9* 10*49.0* 10* 

3.3* 10*4 1.6* 10* 

1.2* 10*4 2.6* 10* 4.3* 10*49.6* 10' 

<100 

1.4* 10*42.6* 10* 1.0* 10*42.2* 10* l.l* 10*46.1 * I0 1 

Y-r»jr. 5.0 kGy 

1.5* 10*49.7* 10* 

1.1*10*44.4*10* 

<100 

1.1* 10* 46.2* 10' 

<10 

<100 

1.1*10*4 5.1 *10* 

<10 

y-my, 7.5 kOy 

<100 

3.4*10*4 1.9* 10* 

<10 

<10 

<10 

<10 

<10 

<10 

-r-r»y, 10.0 kOy 

<10 

1.1 * 10*44.9* 10* 

<10 

<10 

<10 

< 10 

<10 

<10 

v r»y. 20.0 kGy 

<10 

9.0* 10* £2.0 >10* 

<10 

<10 

<10 

<10 

<10 

<10 

T-ny. 30.0 kGy 

<10 

<100 

<10 

<10 

<10 

<10 

<10 

<10 
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Alginate Encapsulation Technique and Cryogenic 
Procedures for Long-Term Storage of the Tropical Forest 
Tree Guazuma crinita Mart. In Vitro Cultures 

Emilio MARUYAMA, Katsuaki ISHII and Isao KINOSHITA 

Bio-resources Technology Division, Forestry and Forest Products Research Institute 
(Tsukuba, Ibaraki, 305-8687 Japan) 

*To whom correspondence should be addressed. 

Abstract 

Long-term storage of the tropical forest tree Guazuma crinita Mart, following alginate encapsulation 
technique and cryogenic procedures was attempted. Shoot tips excised from in vitro plantlets were 
encapsulated in calcium alginate beads and stored on different substrates at 12, 20, and 25°C- Viability 
was retained when encapsulated shoot tips were stored on substrate containing only water solidified with 
1% (w/v) agar. Percentage of viability 12 months after storage was 90% at 25 oC and 70% at 20oC. For 
cryogenic experiments, shoot tip, nodal segment, root tip, and adventitious bud cluster explants were 
stored in liquid nitrogen following 4 cry ©preservation methods: (1) simple freezing, (2) rapid freezing, 

(3) slow pre-freezing, and (4) encapsulation/dehydration method. High survival rates (about 80%) were 
achieved when the adventitious bud cluster explants were exposed to a cryoprotectant mix solution 
containing (w/v), 25% glycerol, 15% sucrose, 15% ethylene glycol, 13% dimethyl sulfoxide, and 2% 
polyethylene glycol (4,000), at 25oC for 15-60 min prior to storage in liquid nitrogen. 

Discipline: Biotechnology/Forestry and forest products/Genetic resources 

Additional key words: artificial seed, bolaina blanca, cryopreservation, germplasm conservation, 
vitrification 

1—30): Click here for References 

Introduction 

Bolaina blanca (Guazuma crinita Mart., Sterculiaceae) is a useful fast-growing tree endemic in the 
Amazon forest region8). This tree is a light hardwood species with good working properties that has been 
used for light constmction, panelling, interior joinery, mouldings, cases, matches, packing, etc. G. crinita 
has a fast initial growth rate of up to 3 m in height per year (final rotation age of 10 to 15 years) and 
shows an excellent adaptability to a wide range of sites including areas with poorly drained heavy clay 
soils which are widespread throughout the tropics. It has been used for reforestation in the 
Peru-Amazonl7). 

Germplasm conservation has become necessary for future sustainable harvesting systems, and as a means 
of maintaining species diversity to prevent genetic erosion. 

The propagation and conservation of this species traditionally take place by seeds. However, propagation 
and conservation by vegetative means are desirable for better preservation of true-to-type genetic 
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characteristics. The conservation of desirable genetic materials using conventional in situ or ex situ 
methods such as a field genebank is costly and prone to possible catastrophic losses due to diseases and 
pest attacks, and is liable to environmental and political threats. Although the use of in vitro genebanks 
alleviates these problems, the maintenance of large collections under conventional in vitro storage 
systems requires much handling and is expensive because most cultures need subculturing at regular 
intervals to prevent browning and loss of viability, hence the increasing risk of contamination. 

Alginate encapsulation technique and cryogenic procedures may be reliable methods for long-term 
storage of plant genetic resources without apparent risk of genetic instability using minimum space and 
with lower labor and maintenance costs. 

This paper describes the storage of shoot tips encapsulated in calcium alginate beads under temperature 
conditions above freezing (12, 15, and 20oC), and the cryogenic procedures for the long-term storage of 
G. crinita using in vitro-cultured plant materials. 

Materials and methods 

1) Storage following alginate encapsulation technique 

(1) Plant material 

Shoot tips, about 3-4 mm long, were aseptically excised from in vitro -cultured plants regenerated by the 
method described by Maruyama et al. (1996)i7). 

(2) Encapsulation 

Calcium alginate beads were produced by encapsulation according to the method of Kinoshita and Saito 
(1990)12). Shoot tips were immersed in autoclaved standard woody plant medium (WPM)15) 
supplemented with 1 //M kinetin containing 4% (w/v) sodium alginate and 2% (w/v) sucrose. Next, the 
shoot tips in the alginate medium were picked up individually with tweezers and dropped into a sterile 
solution of 1.4% (w/v) calcium chloride where they remained for 30 min. The calcium chloride solution 
was then decanted and the alginate beads, each containing 1 shoot tip, were rinsed 3 times with the same 
autoclaved medium. 

(3) Storage 

Encapsulated shoot tips were transferred to 200 mL Erlenmeyer flasks containing about 75 mL of the 
following substrates: water, water containing 2% (w/v) sucrose, and sucrose and plant growth 
regulator-free WPM. All the substrates were solidified with 1% (w/v) agar (Wako Pure Chem. Ind.). 
Storage lasted for 3, 6, and 12 months at 25 to 20oC (16 h photoperiod under photon flux density of about 
35 %mol m-2 s-1) and 12oC (in the dark). 

(4) Plant regeneration 

Stored encapsulated shoot tips were transferred to germination media (WPM with 1 /i M KIN) and 
incubated in a culture room at 25oC under a photon flux density of about 65 fl mol m-2 s-1 for 16 h 
daily. About 60 days after the transfer to the germination media, encapsulated shoot tips regenerated to 
plantlets were counted. 

(5) Data and analysis 

Five encapsulated shoot tips were employed for each of 2 replicates per treatment, at 3 storage 
temperatures, on 3 storage substrates, over 3 storage periods. Data were analyzed quantitatively by 
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calculating rates of plant regeneration from stored encapsulated shoot tips. The standard error of means 
was calculated according to Snedecor (1957)25). 

2) Storage following cryogenic procedures 

(1) Plant material 

Shoot tips, nodal segments and root tips, excised from 2 to 3-month-old plantlets regenerated in vitro by 
the method described by Maruyama et al. (1996)17), were cut into segments about 2 mm long. 
Adventitious bud clusters obtained from petiole culture by the method described by Maruyama et al. 
(1997)18) were cut into small (1.0-1.5 mm3) or large (3.0-4.0 mm3) cubic segments. 

(2) Cryoprotectant mix 

The following cryoprotectant mix solutions, modified from Sakai et al. (1991)23) and Towill (1990)27), 
were tested containing (w/v), Mix A: 20% glycerol and 15% sucrose; Mix B: 30% glycerol, 15% 
sucrose, 15% ethylene glycol, and 15% dimethyl sulfoxide (DMSO); Mix C: 25% glycerol, 15% sucrose, 
15% ethylene glycol, 13% DMSO, and 2% polyethylene glycol (PEG); Mix D: 35% ethylene glycol, 

10% DMSO, and 5% PEG. The aqueous volume added consisted of WPM without sucrose and growth 
regulators. All the cryoprotectant mix solutions were filter-sterilized. 

(3) Cryopreservation methods 

a) Simple freezing 

Explants were treated with cryoprotectant mix solution A at 25oC for 5, 10, 15, 20, 30, 45, and 60 min 
and then cooled in a freezer at -30oC for 1 h prior to immersion in liquid nitrogen (LN) and kept there for 
at least 1 h. 

b) Rapid freezing 

Explants were treated with cryoprotectant mix solutions A, B, C, D, alone or in succession at 25oC for 
different periods of time (0 to 90 min) and then directly immersed in LN and kept there for at least 1 h. 

c) Slow pre-freezing 

Explants were treated with cryoprotectant mix solutions A, B, C, alone or in succession at 25oC for 
different periods of time (0 to 45 min) and then cooled to -40oCat a rate of 0.5oC/min prior to immersion 
in LN and held there for at least 1 h. 

d) Encapsulation/dehydration 

Explants were progressively pre-cultured at 5oC by successive daily transfer onto solidified WPM 
containing 5, 10, and 20% (w/v) sucrose. Then, they were encapsulated or not, in 3% (w/v) 
alginate-coated beads containing 20% (w/v) sucrose. Encapsulated (constructed beads about 5 mm in 
diameter containing one shoot tip or nodal segment by the same method as that described previously) and 
non-encapsulated explants were treated with the same medium supplemented with 30% (w/v) sucrose for 
16 h at 5oC. After treatments with sucrose they were subjected to dehydration at 25oC for 0 to 24 h in the 
laminar flow cabinet or inside petri dishes (9 cm in diameter) containing about 50 g silica gel sterilized 
by heating at 110oC for 16 h, and then cooled in LN by the slow pre-freezing or by the rapid freezing 
method. 

(4) Survival and plant regeneration 

Explants were thawed by rapid transfer of cryotubes in a water bath at 37oC. After thawing, 
cryoprotectant mix solutions were drained from the cryotubes and replaced with a medium containing 
40% (w/v) sucrose and kept for 20 min. Then, shoot tip and nodal segment explants were transferred 
onto solidified WPM containing 10 // M zeatin and cultured at 25oC under a photon flux density of 65 
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p mol m-2 s-1. The root tip and adventitious bud cluster explants were transferred into liquid WPM 
containing 10 p M zeatin and cultured on a bio-shaker at 73 rpm under a photon flux density of 25 p 
mol m-2 s-1. All the explants were cultured at 25oC and under a 16 h photoperiod provided by cool white 
fluorescent lamps (100 V, 40 W; Toshiba Co.). Examination of the explants for survival was performed 
at weekly intervals. Survival was recorded when explants had turned green and produced leaves or 
adventitious buds. Plant regeneration was considered to have occurred when explants had developed into 
plantlets. 


(5) Acclimatization of plantlets 

Plantlets regenerated from cryopreserved explants were transplanted into plastic pots filled with 
vermiculite after washing the roots with tap water to free any adhering agar. They were acclimatized in a 
growth cabinet at 25-30oC at a photon flux density of 35 p mol m-2 s-1 under a 16 h photoperiod, and 
were irrigated with water for the first 2 weeks and then with 0.1% (v/v) Hyponex plant food solution 
(The Hyponex Co., Inc.) containing (w/v): 5.00% N, 4.36% P, and 4.15% K. During the first 2 weeks 
plantlets were kept in a closed container with a transparent cover inside the growth cabinet. After that, 
the cover was opened gradually during another 2 weeks and removed completely about 1 month after 
transplanting. 
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Results and discussion 

1) Storage following alginate encapsulation technique 

Attempts at growth suppression using alginate encapsulation techniques in combination with temperature reduction and/or omission of some nutrients 
essential for normal growth were made in order to develop an efficient method for germplasm conservation under temperature conditions above freezing. 
Table 1 shows the results of plant regeneration from alginate encapsulated shoot tips after 3, 6, and 12 months of storage under various conditions. When 
the encapsulated shoot tips were stored on a water substrate, the growth process was suppressed or reduced at all the storage temperatures tested. However, 
the percentage of plant regeneration varied with the temperature and period of storage. 

Table 1: Effect of substrates and storage temperature on plant regeneration from stored alginate-encapsulated shoot tips of G.crinita (18 KB) 

Although the addition of 2% sucrose into the water substrate promoted rooting (not shown) in beads stored at 25oC, it did not induce conspicuous growth 
under the other storage conditions. However, the effect of sucrose on the stored beads was not beneficial because plant regeneration 6 months after storage 
was only achieved at 12oC. These results suggest that (1) although conspicuous growth did not occur in stored beads, metabolic processes for germination 
were induced, (2) the addition of sucrose into the agar substrate enhanced the deterioration of stored beads at storage temperatures of 25 and 20oC, and (3) 
the beads deteriorated least at a storage temperature of 12oC. 

The results may be summarized as follows: (1) in general, water was the optimum substrate for suppressing growth in alginate encapsulated shoot tips, (2) 
the optimum temperature for storage of encapsulated shoot tips was 25oC, (3) 20oC was the lowest temperature recommendable for storage of alginate 
encapsulated shoot tips of G. crinita under temperature conditions above freezing, and (4) shoot tips encapsulated in alginate beads could be stored for 
more than 12 months without considerable loss of viability (Fig. 1A) . 

Fig.l: Storage of G crinia in vitro cultures (47 KB) 

Storage of alginate encapsulated shoot tips under temperature conditions above freezing was found to be a suitable method for conservation of in 
vzYro-cultured germplasm. After storage for 12 months, the rate of plant regeneration was up to 90%. Development of germplasm conservation techniques, 
based on the storage of shoot tips under temperature conditions above freezing, is an important alternative for many species that do not tolerate 
conventional reduced temperature storage systems (generally at about 4oC). 

The alginate bead effect on growth immobilization or minimal growth storage may be attributed to a reduction in the respiration process in encapsulated 
cells4). Alginate is one of the most commonly used polymers for immobilization of plant cells and production of manufactured seeds because it is 
available in large quantities, is inert, non-toxic, cheap, and easily handled7). In addition, while the conventional conservation of in vitro-cultured 
germplasm requires about 4 to 6 subcultures in fresh media within a year to prevent browning and loss of viability, with the method of storage using 
alginate encapsulation techniques, the handling, cost of maintenance, and risk of contamination, can be reduced four to sixfold. 

In vitro germplasm conservation methods based on conditions that permit minimal rates of growth, generally achieved by reducing the temperature of 
culture or using growth retardants, have been published for many species6, 9,28). However, studies on in vitro germplasm conservation using alginate 
encapsulation techniques have been reported for only a few species. Embryogenic tissues of Santalum album 2), axillary buds of Morns indical), and 
adventitious buds of Morns alba\6) have been encapsulated in alginate or agar beads and then stored for 45-80 days at 4oC without loss of viability. 
Kinoshita and Saito (1992)13) reported that the encapsulated axillary buds of Betula platyphylla var. japonica could be stored at 4oC for more than 80 days 
without loss of viability. Micro-cuttings of Eucalyptus grandis x E. urophylla, encapsulated in alginate beads and kept on a nutrient-free agar medium, 
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were stored for 10 months at 30/25oC with a plant regeneration rate of at least 52% after storage30). 

Although more studies to determine the optimum temperature, photon flux density, concentration of alginate in gel matrix, concentration of essential 
nutrients into substrate, and other conditions for minimal growth storage, are necessary to further improve the efficiency of the system, the method 
developed here can be used as a good alternative for the germplasm conservation of many tropical forest trees species that do not tolerate conventional 
reduced temperature storage systems. 

2) Storage following cryogenic procedures 

The effects of cryopreservation methods on the survival and plant regeneration of different explants are shown in Table 2 . Survival of explants after 
immersion in LN was not achieved in any of the treatments tested by the simple freezing and encapsulation/dehydration method. Only the use of the rapid 
freezing and the slow pre-freezing method resulted in plant recovery after storage in LN. These results suggest that the explants tested were not suitable 
materials for cryopreservation by simple freezing since this method had been successfully applied to cultured cells24), and that treatments in media with a 
high concentration of sucrose by the encapsulation/dehydration method that has been reported as a successful cryopreservation method for some species21, 
24,26), caused damage to explants apparently due to the fact that this species does not tolerate drastic dehydration processes. 

Table 2: Effects of different cryopreservation methods on the survival (S) and plant regeneration (PR) rates of G. crinita after cooling in 


Explants 

Simple freezing method® 

Rapid freezing metod® 

Slow per-freezing method?! 

Encapsulation/dehvdration method® 


S(%) 

PR(%) 

S(%) 

PR(%) 

s m 

PR(%) 

S(%) 

PR(%) 

Shoot tip 

0 

0 

0 

0 

50 

15 

0 

0 

Nodal segment 

0 

0 

0 

0 

5 

0 

0 

0 

Root tip 

0 

0 

30 

5 

30 

5 

0 

0 

Adv. Bud cluster 



85 

25 






a) : Explants were treated with cryoprotectant mix and then cooled in a freezer at-30°C f° r ' h prior to immersion in LN. 

b) : Explants were treated with cryoprotectant mix and then cooled by direct immersion in LN. 

c) : Explants were treated with cryoprotectant mix and then cooled to -40oC at a rate of 0.5oC/min prior to immersion in LN. 

d) : Explants, with or without alginate encapsulation ,were treated with a medium enriched with sucrose before dehydration in a laminar flow cabinet or inside petri dishes 
containing silica gel, and then cooled in LN b slow per-freezing or by the rapid freezing method. 

Shoot tip, nodal segment, and root tip explants were cut into segment about 2 mm long. Adventitious bud cluster explants were cut into about 1.0-1.5 mm3 cubic segments. 

Slow pre-freezing was the optimum method for cryopreservation of shoot tip explants (Fig. IB) . Rates of 50% for survival and 15% for plant regeneration 

were achieved when shoot tips were treated with cryoprotectant mix A and B for 20 and 10 min, respectively, and then cooled to -40oC at a rate of 

0.5oC/min prior to storage in LN. For root tip explants no difference between the rapid freezing method and the slow pre-freezing method was found 
(Table 2) . As in the case of shoot tip explants, plant regeneration from cryopreserved root tips was obtained through adventitious bud formation (Fig. 1C) 
and subsequently shoot differentiation on medium supplemented with 10 and 1 pi M ZEA, respectively. Although this method is time-consuming and 
laborious, and requires controlled freezing equipment and complicated procedures, it is the most commonly used method for the cryopreservation of 
meristems/shoot tips, cell cultures and somatic embryos. Several species have been successfully cryopreserved following slow pre-freezing methodsS, 9-11, 
24, 29). 

In the present study, although rapid freezing failed to cryopreserve the shoot tip and nodal segment explants, this method was effective for the 
cryopreservation of adventitious bud clusters of G. crinita. Survival of adventitious bud clusters after storage in liquid nitrogen varied depending on the 
size of explant, cryoprotectant mix and on the duration of the cryoprotectant mix treatment. High survival rates (73-85%) were achieved for small cubic 
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segments (1.0-1.5 mm3) pretreated with cryoprotectant mix B or C. In contrast, large cluster explants (3.0-4.0 mm3) and cryoprotectant mix D-treated bud 
clusters did not survive after storage in liquid nitrogen (Fig. 2A) . These results suggest that (1) the large size of the explants is not favorable for the 
dehydration-cryoprotective action of the vitrification solution, or that (2) the duration of the cryoprotectant mix treatments for large cluster explants was 
insufficient and that (3) glycerol and sucrose are necessary as components of the cryoprotectant mix solution for cryopreservation of bud clusters of G. 
crinita by the rapid freezing method. Based on these results, large-sized cluster explants and cryoprotectant mix D were not used for further experiments. 

Survival of small cluster explants did not differ when they were treated with either mix B or C at 25oC for various periods of time prior to direct 
immersion into liquid nitrogen. The highest rate of survival was obtained with the explants treated with mix B for 15-45 min or with mix C for 15-60 min, 
respectively. In both cryoprotectant mix treatments, a pretreatment of 5 min in a cryoprotectant solution was insufficient, and pretreatment for 90 min was 
inhibitory to the survival of explants (Fig. 2B) . The original green color of the bud cluster segments was evident immediately following cooling but was 
lost within 24-48 h after warming. However, the successfully vitrified bud cluster segments regained their green color within 1 to 2 weeks after transfer to 
recovery growth medium ( Fig. ID ). After 45 days of culture, clumps of numerous bulbous structures about 5 mm in diameter were formed (Fig. IE) . 
When transferred onto agar-solidified WPM containing 1 //M zeatin, after 60 days, about 30% of the surviving cryopreserved explants formed shoots 
(Fig. IF) . No differences were observed among the rates of shoot development from untreated control and surviving cryopreserved explants. Regenerated 
plantlets were successfully acclimatized and all survived and grew well. No morphological abnormalities were observed in the plants regenerated from 
cryopreserved explants. 

Fig.2: Cryopreservation of adventitious bud cluster explans of G. crinita cultured in vitro (41 KB) 

Rapid freezing is the simplest method of cryopreservation and it does not require sophisticated and expensive controlled freezing equipment and 
complicated cryoprotective procedures, but allows cells and meristems to be cryopreserved by direct immersion into liquid nitrogenl4,19,24,27,29). 

Although several authors have indicated that cold hardening and/or pre-culturing with a high concentration of sugar medium are essential to successful 
cryopreservation of in vitro -cultured plant materials 11,20,22), adventitious bud clusters of G. crinita cryopreserved by the rapid freezing method showed 
high survival rates without any cold-hardening and/or pre-culturing treatments. Similar results were reported in the vitrified bud clusters of asparagus 14). 
On the other hand, cold-hardening and/or pre-culturing with sugar-enriched medium were not found to be effective to induce dehydration tolerance in this 
species. Attempts at using several cold-hardening and/or pre-culturing treatments modified from Niino & Sakai (1992)21), Suzuki et al. (1994)26), 
Matsumoto et al. (1994)19), and Brison et al. (1995)3), to enhance the survival and plant regeneration rate (data not presented) were not successful. 

The results of the cryopreservation experiments may be summarized as follows: (1) slow pre-freezing was the optimum method for cryopreservation of 
shoot tips, (2) rapid freezing was not effective for the cryopreservation of the shoot tip and nodal segment explants, however this method was found to be 
effective for the cryopreservation of adventitious bud clusters, (3) for root tip explants, there was no difference between the rapid freezing and slow 
pre-freezing method, (4) the simple freezing and encapsulation/dehydration method failed to cryopreserve all explants tested, and (5) cold-hardening 
and/or pre-culturing treatments were not effective in enhancing the survival or plant recovery rate after storage in LN. 

Although the plant recovery rates should be improved in the near future for a more effective cryopreservation system, in our opinion, these results can be 
used at present without inconvenience because, considering that more than 823,000 shoots can be obtained in a year from only one shoot tip explantl7), 
further propagation of G. crinita from a few cryopreserved surviving explants is really possible. Thus, cryopreservation by using both the slow 
pre-freezing and rapid freezing methods can be considered to be a suitable alternative for the long-term storage of G. crinita germplasm. Cryopreserved 
germplasm of tropical forest tree species will be the major source for planting stocks in the so-called biotechnology-assisted reforestation in the tropics 
soon. 

Storage of selected germplasm following the alginate encapsulation technique and/or cryogenic procedures described here is an attractive possibility for 
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the conservation of genetically superior tropical forest trees for many decades. 
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Table.l. 

Effects of substrates and storage temperature on plant regeneration from stored alginate-encapsulated 
shoot tips of G. crinita 
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Date were calculated from 5 beads for each of 2 replicates per treatment. 

After 3,6, and 12 months of storage, respectively beads were transferred to 
WPM supplemented with 1 14 M kinetin for inducing germination and shoot growth. 
The results are expressed as percentage of beads that produced plants. 

W: Water. W+S: Water containing 2% (w/v) sucrose. 

M: Sucrose and plant growth regulator-free WPM. All the with 1% (w/v) agar. 
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Fig.l. 

Storage of G. crinita in 
vitro cultures 

(A) Germination of shoot 
tips encapsulated in 
calcium 

alginate after storage for 12 
months at 25°C on water 
substrate solidified with 
l%(w/v) agar. 

(B) Survivors (arrows) of 
shoot tips after storage in 
LN by slow per-ffeezing 
method 

(C) Adventitious bud cluster 
formation (arrows)on 

root tips after storage in LN 
by rapid freezing. 

(D) Cryopreserved 
adventitious bud cluster 
segments 

after 15 days of culture in 
recovery growth medium. 

(E) Cryopreserved 
adventitious bud cluster 
segments after 

45 days of culture in 
recovery growth medium. 

(F) Shoot development from 
cryoperserved adventitious 
bud 

cluster segments after 60 
days of culture onto WPM 
supplemented with 1!4M 
zeatin. 
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Fig.l. 

Cryopreservation of adventitious bud 
cluster explants of G. crinita cultured 
in vitro 

A: Effect of explant size and cryoprotectant 
mix solution on survival after storage in 
liquid nitrogen (LN). 

Explants were treated with a cryoprotectant 
mix solution for 45 min at 25°^ anc ^ t ^ ien 
into LN. 

B: Effect of duration of treatment of 
treatment with cryoprotectant mix solution 
prior to cooling on survival after storage in 
LN. 

Explants placed in 1.5mL cryotube were 
treated with a cryoprotectant mix solution 
for different periods of time at 25 oC and 
then directly immersed into LN. 

Ten segments were treated for each of 4 
replicates. 

Bars indicate standard error. 


I Q back 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-4/maruyama/fig2.htm [10/7/2002 9:26:51 PM] 



















































contents 

JARQ — Japan Agricultural Research Quarterly — Vol. 32 No. 3 (July 1998) 


Contents 

Function of Male Pheromone of the Leaf-Footed Plant Bug, Leptoglossus australis (Fabricius) 

Koji YASUDA 

(Heteroptera: Coreidae) and Its Kairomonal Effect 

Black Rot of Crucifers and Sources of Resistance in Brassica Crops 

Alexandre IGNATOV, et al. 

Development of Microcomputer-Controlled Unmanned Air Blast Sprayer 

Koichi TOSAKI et al. 

Water Hyacinth Control Program through Community Development Approach: A Case Study in 

Haruo UCHIDA and 

Kazuo ANDO 

Bangladesh Village 

Physico-Chemical Characteristics of Soluble Lignin Fractions Released from Forage Grasses by Rumminant 

Tsuneo KONDO, 

Takashi WATANABE, et al. 

Digestion 

Estimation of Fine Root Production in Coniferous Forests in Japan 

Nobuhiko KASUYA 

Animal Waste Problems and Their Solution from the Technological Point of View in Japan 

Kiyonori HAGA 


Removal of Colored Substances from Molasses Waste Water by Biological Treatment System Combined 

Suntud SIRIANUNTAPIBOON et al. 

with Chemical Treatment 

Postmortem Changes in Skeletal Muscle Connectin(titin) and Its Structure 

Ryoichi TANABE 

Study on Relationships between Serum Gamma-Globulin Concentration and Pathological Characteristics in 

Seishi ISHINO et al. 

Bovine Lymphosarcoma 


Sb; 


ack to the first page of JARQ 

ack to What's New 

ack to JIRCAS home fjaftife 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-3/contents.html [10/7/2002 9:26:55 PM] 



































yasuda 
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Abstract 

A function of the male pheromone of Leptoglossus australis (Fabricius) in its migration process was investigated on Ishigaki Is., the southernmost 
part of Japan. It was observed that the immigration of adults into particular fields of bitter gourd or loofah occurred suddenly within a short period of 
time. Immigrants landed mostly on a male-baited cage placed in a cucurbit field (a host plant of the bug) rather than on crop plants themselves 
without males, suggesting that cues inducing landing of immigrants are not their host plants, but the pheromone emitted by males. Moreover, an egg 
parasitoid, Gryon pennsylvanicum (Ashmead) (Hymenoptera: Scelionidae), was attracted to the male pheromone of L. australis, which may act as a 
kairomone for host searching of the parasitoid. 


Discipline: Insect pest 

Additional key words: attraction, Gryon pennsylvanicum, immigration, parasitoid 
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Introduction 


It is well known that male adults in some Heteroptera emit a pheromone that attracts conspecific adults of both sexes 1.2,4,8,12). Another remarkable 
performance of Heteroptera is that adult bugs suddenly invade crop fields, including orchards6,7,9) and they gregariously attack crops, often causing 
severe damage. However, it remains to be determined whether flying adults are attracted to pheromone-emitting males or to the cue of host plants. 

The leaf-footed plant bug, Leptoglossus australis (Fabricius), is a serious pest of a limited kind of cucurbits and various fruits in the tropics and 
subtropics3). Outbreaks of adults have been reported from Sri Lanka and Papua New Guineas, 11). On Ishigaki Island, the southernmost part of Japan, the 
bug breeds mainly on a wild melon, Diplocyclos palmatus C. Jefferey, in spring, and ensuing adults disperse in seeking fruits appropriate as food, but 
scarcely visit cucurbit fields. From late June to July when the wild melon has decayed, substantial immigration of adults to cucurbit fields often 
occur si 3,14). 

In order to clarify the role of adult males of L. australis in the induction of landing of immigrants, a number of host plant fields were investigated for the 
relation between the previous presence of males in the field and ensuing adult immigration. 

In addition, the attractiveness of male or female L. australis to its egg parasitoid, Gryon pennsylvanicum (Ashmead), was examined, since a preliminary 
experiment suggested that the host-searching behavior of the parasitoid is elicited by the presence of L. australis adults. 
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Materials and methods 


1) Detection of immigrants in cucurbit fields 

To detect the immigration of L. australis, adults were visually counted in 17 fields of bitter gourd or loofah, both being host plants of the bug. These 
fields were located within an experimental area 2 km in diameter on Ishigaki Is. and each had enough fruits for bug's food. The census was conducted 
from June 15 to July 11, 1987 at intervals of 1-3 days after the onset of immigration. 

2) Influence of male attraction on immigrants 

A cage containing 5 L. australis males (male-baited cage) was placed in each crop field (Nos. 14, 16 and 17) on July 4, 1987. Another one was also set 
on June 15, 1987 in a shrubbery surrounded by non-host plants, i.e. sugarcane, in the experimental area. Adults attracted to the male-baited cages were 
counted until July 11. 

The cage consisted of a plastic basket (21 cm in diameter and 9 cm in height) and a plywood cover, and the confined males were supplied with water and 
bitter gourd seeds in the basket (Fig. 1-B)[17 KB] , 


3) Ovarian development of females attracted by male-baited cages and of those from crop plants 

Some of the adults settling on male-baited cages or on crop plants were collected and all the females were dissected to examine the status of ovarian 
development. A female which showed fully developed eggs with a chorion or eggs of almost the same size was recorded as a mature one. 


4) Attraction of G. pennsylvanicum by L. australis adults 

A trap baited with male or female bugs was used to examine the attractiveness of L. australis adults to G. pennsylvanicum. The trap consisted of a water 
pan (35 cm in diameter x 8.5 cm in height) filled with water and of the same type of cage as that used in the male attraction experiment (see the section 2) 
previously), which was kept ca. at 5 cm above the water surface (Fig. 1)[17 KB] , Three different types of traps were used: a male-baited trap with 5 
males in the cage, a female-baited trap with 5 females, and a control trap without bugs. Each cage was provided with a water container and bitter gourd 
seeds. 

A group of 4 traps was placed in each of the 3 plots separated by ca. 50 m from a field of bitter gourd where L. australis naturally occurred. The traps of 
each plot were arranged in a square with a spacing of 10 m. Trap type was the same in all the 4 traps in each plot, but different among plots. The 
arrangement of the traps is shown in Fig. 2[10 KB] , The trap types were rotated among the plots every day. L. australis adults and G. pennsylvanicum 
caught by the traps were collected and their number counted daily during 7 days in September 1989. 
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Fig.l. Design of trap 

Cage (B) used in the experiment of male attraction of immigrants, 
contained a water container and bitter gourd seeds. 

A trap in the experiment of attraction of Gryon Pennsylvanicum 
consisted of a water pan (A) and the cage(B). 
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Fig.2 


Layout of 3 different traps 
(male-baited, female-baited and control) 

The same marks indicate the same type of traps. 
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Results 

1) Detection of immigrants in cucurbit fields 

In some fields, L. australis adults already appeared in mid-June when censuses had started, but there was no substantial increase in number until the 
beginning of July. Hence, only the number of adults in the census fields from July 1 to 11 is shown in Table 1 . Numerical figures in parentheses indicate the 
number of adults removed from the field for the examination of ovarian development. 

During the period from July 1 to 8, conspicuous immigration was observed. Average number of adults per census field was 2.9 on July 1-2, then 96.3 on July 
7-8. Only 36% (5/14) of the census fields were inhabited by adults on July 1-2, but the proportion of census fields suddenly increased to 88% (14/16) on July 
7-8. 

There were differences in the number of immigrants among the fields and the immigration occurred within a short period of time to some particular fields. 
For instance, a sudden increase in number was found in field 8 from July 3-4, whereas no concomitant increase was observed in field 9 which was only 
200-300 m apart from field 8. A similar difference in the extent of immigration was observed between fields 10 and 11, 200-300 m apart from each other, in 
2 days from July 1-3. 

Sex ratio of adults during the census period was about 0.45. Nymphs were hardly observed in any fields. 

2) Influence of male attraction on immigrants 

The number of adults settling on male-baited cages is given in Table 2 , with reference to the number of adults on the crop where the cage was placed. 
Numerical figures in parentheses indicate the number of adults removed from the fields for the examination of ovarian development. 

The male-baited cage set in the shrubbery on June 15 displayed a distinct increase in the number of adults on July 3-5, when immigration simultaneously 
occurred in other census fields. 

On July 4 when male-baited cages were placed in fields 14, 16 and 17, no bugs, 1 female and 11 adults of both sexes were recorded, respectively. In fields 
14 and 16 where no males were present, immigrants initially gathered on the male-baited cages and a few on the crop plant. In field 17 with both sexes, 
immigrants preferred the crop plant to the male-baited cage. 

3) Ovarian development of females attracted by male-baited cages and of those from crop plants 

Sampling sites were divided into 3 groups, that is, crop plants, male-baited cages in crop fields and male-baited cages in the shrubbery. Percentages of 
mature females in each group were 37, 24 and 9%, respectively. Most of the females seemed to be immature. 

4) Attraction of G. pennsylvanicum by L. australis adults 

G. pennsylvanicum was primarily caught in male-baited traps, and no wasps were caught in female-baited traps (Table 3) . The control trap (without bugs) 
captured 2 individuals once, but no bugs on the other 6 days. All the parasitoids trapped were females. L. australis adults (15 females and 7 males) were 
caught only in male-baited trapss. 

Tabele 3. Number of G.pennsylvanicum and L.australis 
individualsin traps baited with 5 L. australis males and those with females 

Trap No.of insects ^! 

G.pennsylvanicum L.australis 
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Results 


Male-baited 5.6+4.1** 3.1+1.8* 

Female-baited 0.0+0.0 0.0+0.0 

Control 0.3+0.7 0.0+0.0 


*,** : A significant difference from control at P < 0.05 and P < 0.01,respectively, by the randomization test, 
a): Values are means (insects / 4 traps / day) with SD (n=7). 


Discussion 


Male-baited cage was apparently selected by immigrants as a landing place when the crop plants in the surroundings were not inhabited by males, suggesting 
that the male pheromone emitted from caged males stimulated the landing of flying adults. Therefore concentrated immigration was likely to be induced by a 
male pheromone released from certain fields. However, this fact does not necessarily imply that immigrants disregard host plants. Pioneer individuals 
seeking host plants must depend on other materials than male bugs as a cue for landing and host plants may be one of the candidates. 

Consequently, the male pheromone of L. australis attracts both sexes to develop an adult population on the host plant. However the ecological significance 
of the male attraction remains to be elucidated. In the case of the brown-winged green bug, Plautia stall Scott, one of the fruit-piercing stink bugs in Japan, 
which exhibits male attraction to the conspecific adults of both sexes, adults attracted to caged males were mostly underfed, sexually immaturelO) and did 
not mate between them8). Accordingly, the male attraction in P. stall was considered to be effective in the exploitation of temporally and spatially limited 
food resources rather than in mate-finding 10). Indeed, adults may be able to save their energy and time for searching host plants by using an easily detectable 
sign which indicates the location of host plants. However the benefit which a pheromone-emitting male on a host plant can obtain by informing the location 
of the plant to other individuals remains unknown. 

Another hypothesis is that a male on a host plant emits its pheromone to call females and simultaneously the other males aggregate to mate with the females 
attracted to the male pheromone2). In L. australis, mating was occasionally observed between the attracted adults (Yasuda, unpublished), suggesting that the 
male pheromone plays a role in mate-finding. More detailed studies should be conducted to confirm this assumption. 


L. australis males attracted the egg parasitoid Gryon pennsylvanicum. It was reported that the attracted parasitoids attacked host eggs in the vicinity and 
eventually caused a high parasitism of eggs 15). When adult bugs concentrate in particular host plant fields, the presence of male bugs rather than host plants 
may effectively indicate the area where host eggs probably occur. 

Some of the chemicals emitted from male bugs certainly function as a kairomone for the parasitoid in its host-searching process. The chemicals may be 
related to the male pheromone of the bug, although this assumption should be confirmed by experiments using a synthetic pheromone. If so, the development 
of the synthetic pheromone may enable the effective control of L. australis through the manipulation of the host-searching behavior of the parasitoid. 
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Tablel. 

Number of L. australis adults in cucurbit fields on Ishigaki Is. In July 1987 
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a): B: Bitter gourd, L: Loofah. *: Setting of mail-baited cage in field. 

Figures in parentheses indicate the number of adults collected after the census. 
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Table 2. 

Comparison in the number of L. australis on a male-baited cage and 
on plants in cucurbit fields 
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Figures in parentheses indicate the number of adults collected the census. 
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Abstract 

Since the early 1990s, diseases caused by Xanthomonas campestris have been spreading on new host plants and in new regions, that had not been 
previously affected by the pathogen. Still, vegetable crops of Brassica oleracea are the most damaged plants by black rot. Recent achievements in 
the studies on resistance to black rot were reviewed. For the first time resistance genes were identified based on gene-for-gene interaction with 
different races of the pathogen. Some East Asian cabbage and Portuguese Penca kale cultivars seemed to carry the homologous genes for 
race-specific resistance. Their origin in Asian cabbages was traced to the Flat Dutch group of varieties and to heading Mediterranean kale. It is 
suggested that novel non-specific stem resistance found in Chinese kale, broccoli and cabbage might be an alternative means of genetic protection 
against the pathogen. 


Discipline: Plant disease/Plant breeding 

Additional key words : race-specific resistance, race structure, leaf spot diseases 
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Introduction 

Incidence of black rot caused by Xanthomonas campestris pv. campestris on horticultural brassicas is well recognized worldwide. Periodical epidemics of the 
disease were usually ascribed to the introduction of susceptible cultivars, careless application of contaminated seeds and seedlings and weather conditions favorable 
for disease development 37 )- Studies on the recent outbreaks caused by X. campestris on oilseeds suggested that spreading of new highly aggressive variants of the 
pathogen was the main reason for these epidemics21,23). However, breeding of B. oleracea for resistance to black rot has been undertaken without recognition of the 
existence of pathogenic variants (races). As a result, control of the disease by the introduction of some resistant cultivars may not be effective. 


Characteristics of the pathogen 

Table 1. Diseases produced by the pathovars of Xanthomonas campestris on different host plants 

Reaction of brassicas with genome 


Pathovar 

Typical symptoms 

Race 

A 

B 

C 

campestris, aberance 

blac rot, leaf blight 

1,4 

RS 19 ) 

RS 17 ’ 19 ) 

RS 17 ) 

campestris 

leaf blight, black rot 

0 

NS 17 - 19 ) 

NS 17 , 19 ) 

NS 17 ) 

raphani 

leaf spot, black rot 

3 

RS 17 ) 

na 

RS 17 / 

armoracea 

leaf spot 

na 

Na 

na 

NS 11 ) 
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Black Rot of Crucifers and Sources of Resistance in Brassica Crops 

Na : No available data, RS: Race- specific response, NS : Non-specific response. 

The most common races for each group were designated according to the reaction on the Kamoun et al. 19 ) 
differential set of varieties. 

Xanthomonas campestris pv. campestris (Xcc) belongs to the genus that causes diseases on at least 124 monocotyledonous and 268 dicotyledonous plant species 
including all major crop plants20). According to a recent reclassification based on DNA analysis35), Xcc was assigned to the same genetic group as that of other 
pathovars infecting a wide range of crucifers as systemic or leaf pathogens (Table 1) . The clear difference between leaf spot and black rot symptoms was attributed 
to the expression of a few genes, present in these pathovarslO). Factors responsible for the pathogenicity of Xcc include plant-stimulated proteins produced by 
pathogenicity genes targeted to plant nucleus39), several enzymes and extra-cellular polysaccharideslO). No highly toxic compounds were detected in association 
with the pathogenicity26). 

It was shown that Xcc is composed of genetic and serologically heterogeneous groups of strainsl). Kamoun et al.19) reported that isolates of the pathogen could be 
grouped into 5 races according to the response of B. rapa and B.juncea cultivars. Race 4 was prevalent in Japan and in Portugal, while race 1 in UK, USA and it 
was also found on seeds of B. oleracea imported to Japan and Englandl7,25). Race 0 was found in USA and Portugal (Table 2) . Race 2, represented by only isolate 
2D520, did not express pathogenicity in particular varieties of B. oleracea, B. napus and Arabidopsis thaliana6,\l). Race 3, also represented by one isolate, showed 
the same interaction with differential varieties as isolates of X. campestris pv. raphani didl7). It is likely that these 2 races were designated by Kamoun et al.19) 
based on some other types of interaction with the host plants than avirulence-resistance matching pairs of genes, and further use of these races is questionable. 

Table 2. Geographical distribution of Xanthomonas campestris pv. campestris races 
Country No. tested isolates Race frequency (%) 
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7.8 
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na 

na 

41.0 

na: Not available. 

Races were designated based on 

the Kamoun et al. 19 ) set of differential varieties. 





Evidence of new races was suggested on the basis of interaction between worldwide collection of Xcc and new differential varieties in B. oleracea and B. 
napus\6M). The variability of Xcc continuously endangers cultivars with a narrow genetic base of resistance. The spreading of the disease on new host crops 
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considerably increases the chance of outbreaks on more susceptible vegetables grown in the same locations. Pathotyping of the pathogen populations may be 
necessary to provide a scientific base for breeding and introduction of resistant varieties in the areas endangered by black rot. 


Since the pathogen can remain in soil even in plant debris only for 1 or 2 growing seasons29), survival in contaminated seeds and on weed crucifers is considered to 
be most essential for the cycle of the disease. In Southeast Asia, although pak-choi, pet-tsai and other oriental brassicas are less damaged by black rot than 
vegetables of the B. oleracea group, they could become a source of inoculum. 


m 
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Resistance to black rot in brassicas 

The term "resistance" has been sometimes applied to very distinctive events, which results in a reduced damage of plants under natural conditions, including specific morphological 
characteristics and disease escape due to environmental factors 27 )- Several studies have clearly revealed the ability of plants to decrease their susceptibility to black rot after inoculation with 
some micro-organisms8). Plant morphology and life cycle may play a very important role in the degree of black rot development in the field. The rate of guttation plays a major role in the 
difference in disease development between susceptible cultivars28). Here, the word "resistance" will be used here only for the genetic factors specific to host-pathogen interaction. 

Ability of the pathogen to multiply in the vascular system of plant plays a major role in the expression of black rot symptoms. Vein plugging in plants infected with Xcc seems to be due to the 
accumulation of fibrillar material in vessels to prevent pathogen spreading inside the vascular system. Due to water deficiency, wilt and death of leaf segments between affected veins are the 
main reasons for the V-shaped lesions, typical of black rot5). It is less known that Xcc can produce some other symptoms. Under common nursery conditions, the disease can appear as 
yellowing of cotyledons and deformation of first true leaves on seedlings. At low temperatures, after the fall of diseased leaves, plants may remain infected but symptomless until the occurrence 
of warm weather37). Alternatively, they could recover under cool temperature4). Systemic invasion often causes symptoms of "chlorotic spotting” or "pale mottle” on susceptible plants 1,9) - 
local whitish deformation of the epidermis on parts of leaves affected by the compounds produced by the bacteria. The proposed toxic nature of these compounds9) has not been confirmed 
experimentally and other factors like pathogenicity proteins or bacterial hormones should be considered. 

Area of pathogen spreading in plant vessels is much more extensive than the area of visual symptoms9) and sometimes, typical V-shaped marginal lesions can appear as a result of systemic 
infection as well as after hydathode infection. Under wet and cool weather conditions, when intercellular spaces in leaves are soaked with water, the bacteria can penetrate into plants through 
stomata and induce extensive leaf spot lesions without systemic symptoms9). In several cases, Xcc caused rapidly expanding lesions referred to as "blight"l,15). Vascular spreading of the 
bacteria in some other crucifers can be symptomless34). 

The resistant reaction in plant occurs in hydathodes, the natural gateway for the pathogen penetration into plant9), and in the vascular system, where the pathogen spreads and multiplies5). In 
early studies, a difference between leaf and stem susceptibility of cabbages was noticed. With the same leaf reaction as in European cultivars, the Japanese cultivars exhibited a lower stem 
susceptibility3,32,). This novel stem resistance can be represented as the arrest of the pathogen in the stem vascular system. It was observed that in the progeny of a cross between stem-resistant 
Chinese kale and leaf-resistant cabbage, these types of plant reaction were controlled by different genes and could be evaluated separatelyl7). Routine observation of visual symptoms of black 
rot produced by conventional inoculation methods had ignored the difference between the resistance types and gave data that did not enable to distinguish the different types of resistance. Thus, 
selection for one type can result in the loss of another. 

Race-specific resistance in brassicas was normally associated with hypersensitive response (HR) at the site of inoculation with incompatible race of Xccl9), but sometimes only partial 
expression was observedl6). The distribution of the resistance to Xcc among Brassica species displays some interesting similarities (Table 3) . The dominant single gene in plants with B 
genomel3,14) conferred the highest level of resistance to all races except for race 0. The high frequency of dominant resistance to race 4 was found in B. rapa of Japanese and Central Asian 
groups as well as in cultivars of oilseed B. napusl6,n). 

Presently, plants of the B. oleracea group, especially cabbage and cauliflower, are most severely damaged by the disease37). The frequency of black rot resistance in B. oleracea is very low. 
Although, there are no true resistant accessions among several hundreds of varieties and landraces of cabbage and cauliflower30,32,38), many additive genes were responsible for the reduced 
damage by black rot in the field in diallel crosses between varieties or breeding lines of cabbages33) and cauliflower25). Attempts to introduce into B. oleracea the dominant monogenic 
resistance from B. carinata PI199947 (previously designated as B. napus) were made via protoplast fusion, but the progeny obtained was more susceptible than the resistant parent, suggesting 
that some other genes were important as welll4). 

Since the first report of resistant cabbage cultivars by Bain2), the existence of resistance has been detected in several other Brassica oleracea plantsl 1,12,18,30) (Table 3) . Since plant defense 
includes several biochemical events, such as synthesis of receptor-like kinase (SRK), defense proteins, chitinase and enzymes of phenylpropanoid metabolism24), several genes should be 
involved in the phenotypic expression of the resistance. Although, single resistance genes in cabbage varieties Huguenot and cauliflower SN455 were reported, the participation of a larger 
number of genes could not be ruled out3,18). 

Two accessions of B. oleracea var. capitata Fujiwase and PI436606 have been widely used to breed commercial cultivars. Unfortunately, the resistance of these cultivars showed complex 
relationships with the genetic background and race-specific actiont 1,17,38). The black rot resistance of variety Fujiwase was controlled by a single recessive factor affected by 2 
gene-modifiers38), as well as the resistance of plants selected from line PI43660611). Recently, by the use of quantitative trait loci (QTF) mapping, the resistance in Fujiwase progeny has been 
found to be associated with several additive loci in different linkage groups and one of them, responsible for the resistance in both adult and young stages was dominant, while the other was 
recessive7). 
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In the progenies of Chinese kale, cabbage line PI436606 and the Penca kale, a homologous recessive gene was responsible for the race-specific resistance to the newly designated race 5 of Xcc 
and a dominant gene provided resistance to race 1. Several cabbage lines of Japanese origin and Penca kale landraces displayed similar patterns of race-specific reaction and inheritance of 
resistance to races 1 and 5 of Xccl7) (Table 4) . 


Table 4. Brassica oleracea accessions grouped according to their postulated resistance genes 17 )- 


Subspecies 

alboglabra 

tronchuda 

Capitata 


Postulated resistance genes (R) 


ISA55, ISA454 


Badger Inbred 16, Kinkei DH01, Reiho DH01 
Fujiwase 1; Fujiwase DH01, 02, 05; Harukei DH01 


PI436606; DH M9606; Aichi dai Bansei DH01,02 2 

Reiho DH01,03; Fujiwase DH 03, 04; Matsunami DH22 2,4 

Matsunami DH77; DH M9602, 9603 4 

If an accession showed a variable reaction, single plant selection was made prior to the test; DH, doubled haploid lines, obtained from Japanese cultivars 
resistant to black rot. 

The genes of resistance were proposed on the basis of both resistance-avirulence matching pairs in the gene-for-gene interaction between the resistant 
varieties and Xcc races and the resistance inheritance. Gene R1 conferred the resistance to race 1, gene R2 - to race 5, gene R4 - to race 4. 


Cabbages have been introduced to Japan relatively recently and in most of them the pedigree included some varieties of the Flat Dutch group31) This group was selected from heading 
Mediterranean kale related to the landrace Penca de Mirandella, which is also resistant to black rotl2,22). As tested by Bain2), all open-pollinated varieties related to Flat Dutch contained a large 
number of resistant plants in bulk. In the same experiments, suggesting a similar race composition of the applied inoculum, the frequency of resistance in the Fujiwase stock was about 95%. 
Since Fujiwase has a documented origin from Flat Dutch, it is highly probable that its resistance was inherited from Flat Dutch or from heading Mediterranean kale. We can assume that the 
race-specific resistance to black rot in Asian cabbages did not appear de novo under the pressure of the disease, as suggested by some researchers37), but probably was inherited from the plants 
related to heading Portuguese kales. Only the use of genetic markers in the analysis of race-specific HR will enable to determine whether the genes studied in one cultivar are the same as in 
others. 

After these recent achievements, sources of race-specific leaf and non-specific stem resistance among B. oleracea became available for plant breeding. The discovery of the race structure of 
Xcc populations for the first time enabled to design a breeding program based on the recognition of different genes and different mechanisms of resistance to black rot. 
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Table.3 

Some reported accessions of brassicas resistant to black rot 
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Abstract 

A microcomputer-controlled unmanned air blast sprayer was developed to avoid the operator's exposure to agricultural chemicals or mechanical noise, 
and to improve the work efficiency during application for pest control in orchards. The developed sprayer moves automatically without a driver along a 
guiding cable, which is set up along the work course between the tree rows of the orchard. Unmanned application system developed controls 
automatically steering gears of the sprayer by detecting a magnetic field, which was generated by feeding an alternating current to the guiding cable. The 
cable can be installed underground (at a depth of less than 30 cm), on the ground surface, or at a height of 150 to 200 cm from the ground along the work 
course. The maximum total length of the cable is about 1,000 m. During unmanned application, the machine sprays agricultural chemicals automatically 
along the work course. However, if it is unnecessary to spray outward at the end of the tree rows where the sprayer turns, the machine is able to stop 
spraying outward while turning, due to a special system. All the functions of the sprayer stopped automatically when the sprayer reached the end point of 
application work. The sprayer has several safety devices controlled by the unmanned application system to avoid any accidents during unmanned 
application work. As a result of the performance test, deposition of sprayed chemicals on the fruit trees and work efficiency by this sprayer were as good 
as in any conventional manned air blast sprayers. 


Discipline: Agricultural machinery 

Additional key words: guiding cable, unmanned pest control, unmanned traveling, orchard 
i' 5 ): Click here for References 

Introduction 

Since the application of chemicals for pest control in orchards involves upward spraying, exposure of the operators to agricultural chemicals during the 
application has become a cause for concern. Protective wear, therefore, is used, but it is extremely unpleasant during hot months. A cabin may be attached to 
an air blast sprayer to avoid exposure, but for trellis fruit trees, for example, where the space is limited between the upper part of the equipment and the 
overhead branches, cabins may not be practical. Also the blower and other mechanical noises cause problems for the operators. As a result, a safe and 
comfortable work environment should be created. 

The microcomputer-controlled unmanned air blast sprayer was developed to alleviate these shortcomings. In addition, this type of sprayer is the first 
unmanned air blast sprayer for orchards ever to be commercialized in Japan. 
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Purpose of development 

Various systems of unmanned traveling can be used. In the current studies, we installed a guiding cable along the work course in the orchard, and when an 
electric current was fed to this cable, it generated a magnetic field around, which then could be detected by an electromagnetic sensing system 1 ’ 2 )- 

Magnetic field is generated around the cable in which the current runs and around the coils placed within the magnetic field where the magnetic flux varies. 
As a result, electromotive force is generated according to the change of speed of the flux. These basic principles of electromagnetics were applied in this 
system. 


The unmanned application system in the sprayer controls automatically steering gears of the sprayer depending on the degree of deviation from the guiding 
cable detected by an electromagnetic sensor, which is referred to as "guiding sensor" described later in this paper. 


Compared with the standard application of chemicals with a conventional manned air blast sprayer, the application procedures for the unmanned sprayer are 
as follows: 

(1) The sprayer is brought manually to the starting point for the spraying operation. 

(2) Electric current is fed to the guiding cable. 

(3) The unmanned operation system of traveling and spraying is activated. 

(4) Unmanned operation continues until the liquid tank becomes empty. 

(5) The sprayer is then transported by an operator to an area where the chemicals may be replenished and then to the area where the application is to resume. 

(6) At the end of the entire application work, all the functions of the sprayer should come to an automatic stop. 

We expected that the sprayer would be as efficient as the current manned air blast sprayer used for pest control in orchards. 
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Specifications of the unmanned sprayer 


The specifications of the unmanned sprayer are listed in Table 1 , and a diagram of the major parts is shown in Fig, lh l). A photograph of the sprayer, the guiding signal 
generator (referred to as" signal generator" in this paper), guiding cable set up on the ground, and palm-sized remote control transmitter (referred to as "transmitter" in this 
paper) are shown in Fig. 2 . 

Table 1. Specifications of the unmanned sprayer 4 Fig. 1 Major parts o f unmanne sprayer (61KB) 


Length: 399 cm, Width: 145 cm 
Height: 129 cm (except for antenna) 
Weight: 1,350 kg (with empty tank) 


Traveling 

apparatus 


Diesel engine: 31.8 kW/2,800 rpm 

Type: 4 driving wheels/4 WDM WS 
Shift range: Main 1/2/3, Sub.: H/M/L/R 
Forward: 9 steps (0.9-13.2 km/h) 
Backward: 3 steps (1.2-7.5 km/h) 


Tank capacity 


1,000 L 



guiding signal generator and palm-sized 
remote control transmitter 


Fan 


Revolution: 2,280 and 1,550 rpm 
Air volume: 726 and 494 m 3 /min 


Type: Plunger type (3 cylinders) 
Discharge rate: 108 L/min 


Nozzle 


Type: Disk nozzle (31 pieces) 


Guiding cable 

The guiding cable is laid along the work course. Examples of cable installation are shown 
Fig. 3 Examples of guiding cable installation(59 KB). 

The depth at which the cable should be buried is either right under the surface or up to 30 
installed overhead at a height of 150 to 200 cm from the ground for trellis fruit trees such as pears and grapes. 

Any parts of the cable should be about 1.5 m apart, considering the distance between dwarfed apple trees. Although the standard-specification cable is an automotive 
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in Fig. 3 . 

cm beneath the surface for apple or other upright fruit trees, or the cable may be 










Specifications of the unmanned sprayer 

low-voltage wire (JIS cord: AV3), any electric cable larger than 3 mm 2 in cross-section can be used. 

The length of the cable to be installed is limited by the capacity of the signal generator or electric resistance of the cable, and in the present stage of technology, the 
maximum length of the cable is about 1,000 m. A cable of this length is capable of covering 30 to 40 a, including turning radii, in the case of dwarfed apple orchards where 
the trees are planted 4 to 4.5 m apart from each other. 


The guiding cable is fed with an AC current of 1.5 kHz and 185 mA as the guiding signals from the signal generator. This signal generator is powered with a rechargeable 
battery that can be recharged in 5 h, using an exclusively built charger, and then it may be used for 8 consecutive hours. The signal generator provides 2 output-terminals, 
and the machine may be used for 2 cable systems by changing the switch. 


Unmanned application system 3 - 5 ) 


Fig. 4(Block diagram o f unmanned application systemf44 KB]) shows a block diagram of the unmanned application system of the sprayer. The major sensing devices of 
the system consist of a guiding sensor (Fig. 1 Major part of unmanned sprayer[61 KB] and Fig. 5 Guiding sensor and main controller[30 KB]) and steering angle sensor 
(Fig. 1). 

The guiding sensor has 2 sensing heads placed on both right and left sides of a radiator in the forward portion of the sprayer. This sensor detects the degree of deviation of 
the sprayer from the guiding cable by sensing the magnitude of the magnetic field generated around the guiding cable. 

The steering angle sensor installed in the steering gear detects the angle of steering, i.e. the direction of the wheels. 

An oil hydraulic cylinder actuated by an electromagnetic valve actuates the 4-wheel steering gears, traveling clutch and brake of the sprayer. 

Based on the output of the sensors, the microcomputer (CPU: 20 MHz/16 bits, ROM: 32 Kbytes, RAM: 1 Kbytes) inside the unmanned traveling and spraying control device 
(referred to as "main controller" shown in Fig. 5) calculates the target steering range, in other words, the angle of turning for the steering in the case of a manned operation, 
based on which the steering gear is controlled just as the human operator would steer his/her wheels. Thus the unmanned sprayer may travel without any human attendance 
along the work course where the guiding cable is installed. 
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Fig. 1. Major parts of unmanned sprayer 
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Fig. 4 

Block diagram of unmanned application system 
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Fig.5 Guiding sensor and main controller 
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Algorithm of automatic steering control 3 4 ) 

If variable Vd is the output of the guiding sensor, variable Vdm is the moving average of Vd, variable 
Voff is the offset value from Vdm to the center of the sprayer body, ^ Vd is the displacement of Vd, 
A V s is the control variable of steering, displacement of the body from the target position is represented 
by variable (1), and the direction of the body is represented by variable (2), as follows: 


Vd - {Vdm + voff) .... (1) 

A Vd ... . .* (1) 


Then, A Vs was obtained using those variables with the following 6 rules of fuzzy reasoning. 

Rule 1: If the body is on the right side and the direction is right, steer left. 

Rule 2: If the body is on the right side and the direction is straight, steer left. 

Rule 3: If the body is on the right side and the direction is left, don't steer. 

Rule 4: If the body is on the left side and the direction is right, don't steer. 

Rule 5: If the body is on the left side and the direction is straight, steer right. 

Rule 6: If the body is on the left side and the direction is left, steer left. 

Then, variable Vsr is the actual steering angle and variable Vsg is the target steering angle, Vsg is 
expressed as follows: 

Vs* - Vsr + AVs ....(3) 

The actuators for automatic traveling control of the unmanned application system are controlled by Vsg. 

Auxiliary remote control system 3 4 ) 

The start of the unmanned operation (onset of the application work) is controlled by the transmitter (Fig. 
2)[13 KB] oi the auxiliary remote control system so that the operator may be protected from any exposure 
to the chemicals or noise. Radio waves of the system are in the range of specific low-power radio waves, 
requiring no particular license, and the accessible distance of radio waves is guaranteed at 150 m in 
common orchards. This system is capable of starting or stopping the traveling, blowing and spraying 
functions of the sprayer, as well as application work. 

In addition, a single operator can control simultaneously more than 2 unmanned sprayers with this 
system in every adjoining orchard. Application work is more efficient and labor-saving than in any of the 
conventional manned air blast sprayers. 

Functions during unmanned operation 3 5 ) 

Functions during unmanned operation are as follows: 

(1) During application by unmanned operation, chemicals are sprayed in all directions between the tree 
rows (right, left and upward of the sprayer). However, when the sprayer turns at the end of a tree row, it 
is designed to automatically stop spraying chemicals unnecessarily outside of the turning area without 
trees. In this instance, the steering condition is constantly monitored by the unmanned application 
system. The system proceeds straight or turns based on the output of the sensors for steering angle, for 
velocity, etc. and controls the spraying device of the sprayer. Automatic spray stopping function may be 
disengaged when spraying is desired even during turns. 
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(2) When the chemicals in the tank run out during the unmanned operation, traveling, blowing and 
spraying stop automatically through the effect of the pressure sensor (Fig. 6 Pressure sensor for sensing 
when the tank is empty[29 KB]) installed with the spraying pump built inside the sprayer. This device 
detects the reduction in the discharge of the pump, signaling the depletion of the chemicals, thus 
automatically halting traveling, blowing and spraying. 

(3) When the application work is complete, the cable installed is bent at a certain sharp angle, which 
allows the magnetic fields to interfere with each other. As a result, the guiding sensor is unable to detect 
the specific magnetic field at this spot, and all the functions stop automatically. 

It may be noted that the release of the unmanned application system enables manned operation of the 
sprayer as required, just as in any other conventional manned air blast sprayers. 


Safety devices 

Since emphasis must be placed on safety in 
unmanned operation, unmanned application 
system of the sprayer incorporates safety devices 
as follows: 

(1) A couple of obstacle-detecting sensors (2 
ultrasonic sensors shown in Fig. 1[61 KB] and 
Fig. 4[44 KB]) built in the front bumper, upon 
detecting an obstacle about 1 m ahead, halts 
traveling, blowing and spraying. 

(2) A touch sensor (Fig. 1 and Fig. 7) built in the bumper, in the case of an obstruction, stops all 
functions of the sprayer including the engine automatically. 

(3) Should the system be out of control in emergency, the engine may be stopped by all-function-stop 
switches (Fig. 1) which are located on both sides of the bonnet (hood) of the sprayer body. 

(4) In case of the interruption of the transmission of radio waves because of the exhaustion of the battery 
in the transmitter of the auxiliary remote control system, or due to trouble or accidental switch-off, 
traveling, blowing and spraying come to a halt automatically. 

(5) When the guiding sensor is unable to detect the magnetic fields generated around the guiding cable, 
since the battery of the signal generator is exhausted (battery exhaustion is indicated through a gauge set 
in the signal generator), the cable is broken, or the sprayer is derailed from the cable, the engine is 
automatically put to a stop, i.e. all functions of the sprayer come to an end. 

Performance tests and results 3-5 ) 

1) Functional confirmation tests 

Functional confirmation tests in which the range of velocity was 0.9 to 2.7 km/h were conducted on flat 
ground in several test courses and orchards. An example of the results of the functional confirmation 
tests is shown in Table 2 . Results of tests for function confirmation (45 KB). 

The unmanned sprayer could travel smoothly along the guiding cable on the work course. It was 
confirmed that the system stopped spraying outward outside of the tree rows while turning, stopped 
traveling, blowing and spraying when the tank became empty, and stopped all functions at the end point 
of the work course. Moreover, each safety device was functioning during the unmanned operation. 
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2) Deposition performance 

Deposition performance tests based on IAM test code No. 12-1989 were conducted in a range of 
application velocities of 1.8 to 2.5 km/h, and the application rates ranged from 310 to 450 L/10 a in an 
orchard of dwarfed apple trees (variety: “Fuji*, age: 18 years, height: 4 m, width: 3 m, planting pattern: 
4x2.5 m). The results of the tests were satisfactory and similar to those with a conventional manned air 
blast sprayer. 

3) Work efficiency 

Work efficiency tests were also conducted in several orchards of dwarfed apple trees (Fig. 8)Unamnned 
application test [44 KB] , trellis pears and trellis grapes (Fig. 9)Unmanned application test [44 KB] . 
According to the test results, the rate of work with the unmanned sprayer was almost the same as or 
higher than that with any conventional manned air blast sprayers. 

However, the application work with the unmanned sprayer was more labor-saving and efficient than that 
with a conventional manned air blast sprayer, because the operator himself/herself of the unmanned 
sprayer could prepare agricultural chemicals to replenish the empty liquid tank during the unmanned 
operation without any assistant. 


Conclusions 

Advantages of the unmanned sprayer developed are as follows: 

(1) This newly developed sprayer prevents operator's exposure to agricultural chemicals, noise or danger 
involved. 

(2) During the operation of the unmanned sprayer, the operator may carry out himself/herself other 
activities such as preparation of agricultural chemicals, hence the reduction of labor and enhancement of 
work efficiency. 

(3) Theoretically, a single operator can manipulate simultaneously more than 2 unmanned sprayers, thus 
contributing to labor-saving and timely pest control. 

In consequence, introduction of the unmanned air blast sprayer ensures efficient and labor-saving 
application work of chemicals for pest control in a comfortable environment. 
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Fig.2. Unmanned sprayer, guiding cable, guiding signal generator and Palm-sized remote 

control transmitter 
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Fig. 6. Pressure sensor for sensing when the tank is empty 
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Table 2. 

Results of tests for function confirmation 


Items 

Shift 

range 

L-l 

M-2 

Displacement from the cable (straight traveling) 

0.06 

0.14 

Stopping distance when the tank becomes empty 

0.25 

0.56 

Minimum turning radius of cable 

1.70 

1.50 

Allowable distance from cable to cable 

ISO 

1.50 

Stopping distance upon detection of an obstacle 

0.50 

0.31 

Stopping distance upon contact wtih an obstacle 

005 

0.21 

Stopping distance by operation with the transmitter 

009 

0.20 

of auxiliary remote control system 



Stopping distance with inaccessible remote control 

0.90 

2.51 

radio wave 



Stopping dotance with breakdown of guiding signal 

0.11 

1.12 

on the guiding cable 



Slopping distance with all function stop switch "on" 

0.61 

1.76 

Maximum accessible distance of radio wave 

850 

All the data listed above were derived from the tests conducted on a test course (soil 
surface). 
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Fig. 8. Unmanned application test (dwarfed apple orchard) 


Fig.9. Unmanned application test (trellis grape orchard) 
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Abstract 

A Village Committee was established for the organization of the rural development activities in a village, Dakshin Chamuria, in Bangladesh under the JICA 
(Japan International Cooperation Agency) Project of JSRDE (Joint Study on Rural Development Experiment). The committee consists of so-called traditional 
village leaders 'matabbors', who are mostly active in enhancing the villagers' unity and devoted to the village public affairs. The authors outline the Community 
Development Approach to establish the Village Committee and its performance to control an aquatic weed (water hyacinth) in order to protect deep water rice in 
the study village. The paper describes the procedure adopted to establish the Village Committee representing all the villagers, as a key part in the Community 
Development Approach of JSRDE. Secondly, the water hyacinth control program as a study case under the Community Development Approach was also 
evaluated. Overall, the results of this study indicate that the Community Development Approach may contribute significantly to the solution of the rural 
development problems in Bangladesh. 


* This paper is based primarily on our previous study entitled "Rural Development Program by Community Approach in a Bangladesh Village" (in Japanese) 
submitted to the Journal of Agricultural Development Studies. However, a large part of the paper has been revised and newly added. 

Discipline: Irrigation, drainage and reclamation/Agricultural environment 

Additional key words: rural development, village community, village committee, matabbor 

1~ 4 ): Click here for References 

Background 

The target group approach is presently the main approach for the rural development programs in Bangladesh. Although the target group approach organizes landless 
farmers, women, the poor, etc., they are supervised and controlled by non-villagers who provide the services of loan, job training, etc. Although the supplied goods 
and services reach target groups, most of the time, this approach enhances the dependency of the groups in the program. Consequently, the villagers become passive 
and dependent, which is not favorable for sustainable rural development 1 )- 

We consider that it is difficult to achieve sustainable rural development without the Community Development Approach. Thus, we introduced rural development 
programs in a village, 'Dakshin Chamuria' (D village) in Bangladesh, to involve the whole village community and include indigenous technologies under the Joint 
Study on Rural Development Experiment (JSRDE) from 1992 to 1995. The project was funded by the Japan International Cooperation Agency (JICA) and jointly 
implemented by JICA and the Ministry of Local Government and Rural Development & Cooperative, Bangladesh. This paper describes the establishment of the 
Village Committee which played a key role in the community development approach of the JSRDE, including the water hyacinth control program proposed by the 
Village Committee. The paper also briefly indicates why such an approach may contribute significantly to sustainable rural development in Bangladesh. 
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'Matabbors' and the Village Committee 


'Matabbors' are the traditional village leaders, some of whom are active and devoted to the village public affairs, village court for example. These leaders are not 
necessarily rich or educated. Some of them have a small land holding even less than 1 acre and are illiterate. However, the villagers recognize them as leaders 
because of their eloquence and ability to collect information. 

In addition to acting as mediators in the village court, matabbors also contact organizations outside the village such as the government agencies and NGOs interested 
in implementing new programs in the village. According to the survey conducted in 1988, more than 70% of the matabbors indicated that they usually go to the 
'Thana' office (local administrative office) more than once a month4). Thus matabbors are active persons of a village who usually gather useful information from the 
government agencies, NGOs, etc. On the other hand, when outside organizations attempt to initiate some programs in the village, matabbors are also a good source of 
information about the village. By such connection, matabbors always receive various types of and new information earlier than the other villagers. This situation is 
sometimes misused by the matabbors for monopolizing profitable information. It has been often observed in villages that the tricky matabbors are selfish and may not 
serve the interests of the village people. Such characteristics of matabbors have been often criticized and matabbors are considered as 'touts' by the officials concerned 
with the rural development programs. Therefore, it is important that the matabbors' activities/performance related to the village public affairs including building of a 
village school and development of 'hat' (regular market in the village) be evaluated2). 

Usually, the matabbor acts as a leader when villagers face problems and unite the villagers for possible solutions. On such occasions, matabbors become significant 
for the community interest of the villagers. Against this background, the JSRDE project adopted the Community Development Approach aiming at utilizing the 
leadership qualities of matabbors but, at the same time, at supplying everybody with useful information that tended to be monopolized by the matabbors. For this 
purpose, the Village Committee was established in D village. 

A village in Bangladesh usually consists of several small communities called 'para'. The village under the study, D village, has 4 paras and each of these paras has 
several matabbors. To set up a Village Committee, a general meeting was held in the classroom of the primary school in D village on January 2, 1993. The selection 
of the matabbors was carried out during this meeting by about 200 people from all paras. Matabbors from each para were selected according to the number of 
households in each para. The committee had 18 members including 4 female, 1 from each para. Other procedures included the selection of the executing body, a 
chairman and secretaries on the basis of the villagers' recommendation (Fig.l). 

Fig. 1. Village Committee Meeting(21 KB) 

The Village Committee is assumed to fulfill the following 3 main functions: (1) To hold a monthly meeting for discussing the common problems. (2) To prepare 
programs for possible solutions. (3) To hold a coordination meeting with the field workers of the rural development agencies, the government and NGOs. 


It is important to mention that 6 months after the start of the Village Committee, there was a distinct gap in information flow between the Village Committee and the 
common villagers. To fill this gap, the Para Meeting was started within each para between the project staff and the common villagers including the Village 
Committee members of the para. As expected, the Para Meeting also played on important role in encouraging the villagers' participation in the project. Therefore, the 
Para Meeting was deemed indispensable for the Community Development Approach in D village. 


In the following part of the paper, the aquatic weed(water hyacinth) control program designed and implemented by JSRDE and the Village Committee is outlined. 
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Figl: Village Committee Meeting 
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Action program for water hyacinth control 


1) Background 

During the rainy season, all of the land except homesteads and roads in D village were usually inundated 
to a large extent. The water flowing from the neighboring village carried water hyacinth and deep water 
rice growing in the flooded fields was damaged. In September 1993, a Village Comittee member, Mr. 
Rahman who is a primary school teacher introduced this problem for discussion during the Village 
Committee Meeting. He suggested that laborers should be hired by the local government aid program, 
namely Test Relief, to control the water hyacinth problem. However the Village Committee could not 
obtain this assistance, because the program had a shortage of wheat as wages for laborers. However, the 
committee discussed some of the measures that should be adopted to address this problem as the damage 
caused by water hyacinth occurs frequently and is severe. 

In order to solve this problem, JSRDE suggested the introduction of 'African Doncha' ( Sesbania rostrata) 
which is a plant used to stop the invasion of water hyacinth into rice fields. 

African Doncha was cultivated during the late dry season to obtain the seedlings (stem cuttings). Firstly, 
at the beginning of the rainy season, the seedlings were planted in the field, which remained fallow 
during the rainy season and was located just in front of 'Chinamura Doch' (water depression in the 
neighboring village) from where water hyacinth flows out. Secondly, the seedlings were also planted on 
the drainage sides of water hyacinth in the deep water rice growing area in order to guide water hyacinth 
to 'Ronger Doch' (water depression in D village) directly. Thirdly, at the same time, African Doncha was 
cultivated on the levees around the rice fields to prevent the invasion of water hyacinth to the deep water 
rice growing fields (Fig. 2) . 

Fig.2: Water hyacinth control program (26 KB) 

In addition to the water hyacinth control program, African Doncha, as described later, was newly 
introduced to Bangladesh for use as green manure, forage, fuel, fence and article for sale. Before 1993, 
the seeds of African Doncha had not been readily available to common villagers even though, as told by 
the counterparts of JSRDE from the Bangladesh Agriculture University (BAU), a large quantity of seeds 
was produced in their experimental farm. Therefore, suggestions were made to the Village Committee 
that this plant should be introduced to D village in cooperation with the BAU counterparts. The 
cultivation of African Doncha was successfully promoted by the effective coordination of the Village 
Committee and motivation at the Para Meeting in D village. 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-3/uchida/uchida2.htm (1 of 4) [10/7/2002 9:27:44 PM] 





Action program for water hyacinth control 

2) African Doncha 

Professor Altaf Hossain, one of the BAU counterparts, 
introduced for the first time African Doncha, an annual legume, 
to Bangladesh in 1986 from the International Rice Research 
Institute. The plant grows up to a few meters. 'Deshi Doncha' 

(Sesbania aculeata ), a local variety of Doncha (Sesbania spp.), 
had grown traditionally in Bangladesh for the same use as that 
of African Doncha. However, nowadays, dry season's modern 
rice varieties (high-yielding varieties) are cultivated to a large 
extent in the fields where Deshi Doncha used to be broadcasted 
at the end of the dry season, March to April. Unfortunately, 
these rice varieties are usually harvested in May. Thus, Deshi 
Doncha had disappeared gradually along with the introduction 
of these rice varieties. On the other hand, African Doncha can 
be cultivated using seedlings (young plants and stem cuttings) 
under waterlogged conditions. Therefore, it can be cultivated at 
any time even during the rainy season if the seedlings are available. There is no competition for land 
between the modem rice varieties and African Doncha, unlike in the case of Deshi Doncha. Research has 
revealed that African Doncha is more effective than Deshi Doncha as green manure and that rooting 
occurs 2-3 days and leafing 5-6 days after planting of a stem cutting 50 cm high for normal cultivation 
and 1 m for deep waterlogged conditions, respectively 3 )- For use as a green manure, the appropriate 
timing of incorporation of African Doncha in soil is 40-60 days after planting (7*7g. 3) . 

Since 1989, after the initiation of the field experiment, BAU has started to distribute the seeds to the 
research organizations and the Agricultural Extension Department. Based on the activities of BAU, 
JSRDE decided to introduce this plant for one of the development programs as mentioned earlier. 

3) Performance of the program 

It was eventually decided to implement the water hyacinth control program during the meeting of the 
Village Committee held in November 1993, in agreement with the suggestion made by Mr. Rahman in 
September. During the same meeting, it was also decided to rent a piece of land, 31 decimals in size (1 
decimal is about 40 m2) to cultivate African Doncha in the village. At the end of February 1994, the 
seeds of African Doncha were broadcasted on the rented land and cuttings were planted tentatively in the 
rented rice field in April, at the end of the dry season. On June 1, the stem cuttings were planted in the 
field located in front of Chinamura Doch as mentioned before. During the meeting of the Village 
Committee held on June 6, the villagers were informed that the stem cuttings would be supplied to them 
upon request. The villagers who thought that African Doncha was the same as native Doncha (Sesbania 
aculeata) were skeptical and reluctant to plant the stem cuttings. They pretended that the stem cuttings 
and also the young plants of Doncha would not take root. They did not agree with the program. On the 
other hand, many villagers took the stem cuttings and realized that African Doncha was different from 
Deshi Doncha. Moreover, some villagers stole the stem cuttings from the rented rice field without 
permission and all the stem cuttings disappeared. During the meeting of the Village Committee held on 
June 24, 1994, it was decided that the program would be discontinued. 

Although the program was discontinued, the villagers continued to grow African Doncha and harvested it 
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at the end of the rainy season for home consumption or to sell seeds and stems. Three, 9, 6 and 11 
villagers cultivated African Doncha in the fallow fields, on levees of the aman rice growing fields, 
around the homesteads and the ponds, respectively. Sixty-four villagers cultivated African Doncha in 
total and 35 of them used the plant to control water hyacinth in their deep water rice fields. Eighty 
villagers could not obtain the stem cuttings although they wanted to get them. 

Fortunately, in 1994, the water hyacinth did not overflow from Chinamura Doch as in a normal flooding 
year. On the contrary, the unexpected large flood washed away the planted stem cuttings of African 
Doncha in the following year. Therefore, the efficiency of the water hyacinth control program could not 
be substantiated. The program was successful, nevertheless, from the viewpoint of introduction of a new 
plant as well as the spontaneous response of the villagers. African Doncha was cultivated in the next 
year. 

4) Role of the Village Committee 

The water hyacinth control program was initiated after the proposal of a member of the Village 
Committee. This type of problem, damage by water hyacinth, was considered to be an individual 
problem formerly. However, when the problem was raised at the Village Committee Meeting, it became 
a common issue to the villagers. In this sense, the committee considered that the problem could be solved 
and asked the villagers to implement the program. 

The main function of the Village Committee is to control the matabbors who exclusively keep the 
information by holding discussions with the villagers and invite them to make decisions about matters 
relating to the village public affairs. Moreover, the Village Committee played the role of contact outside 
of the village. The chairman and the chief secretary, after the decision of the Village Committee, went to 
Chinamura and other villages as the representatives of the village to negotiate some issues. And, in some 
cases, they took formal letters to the matabbors of other villages upon the request of their Village 
Committee. Such negotiations had been traditionally conducted after consultation among matabbors, but 
the common villagers were seldom involved in the process until a decision was made. However, the 
villagers were informed of all the actions taken such as negotiations during the Village Committee 
Meeting. The Village Committee can be expected to benefit from the services from organizations outside 
the village. 

JSRDE and the committee members explained frequently the purpose and use of African Doncha to the 
villagers in order to obtain their agreement on the program in the Village Committee. Especially during 
the Para Meeting, ease of cultivation of African Doncha in the fallow fields by planting the stem cuttings 
and use as green manure and fuel were emphasized in order to disseminate it even to villagers whose 
fields had not been damaged by water hyacinth. It is considered that, without the Para Meeting, African 
Doncha would not have been introduced to the village so actively and widely. 

Discussion 

The ecological characteristics of African Doncha as well as the Village Committee and the Para Meeting 
contributed significantly to the promotion of the program. The matabbors became active in the program 
when they were formally recognized as the authority of the village. Information was given to all the 
villagers through the Village Committee and the Para Meeting. The matabbors did not act as touts and 
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their original function in the community was fulfilled by the villagers. Thus, they could not monopolize 
the benefit from new information as previously. The power of the community increased by the 
introduction of the new Community Development Approach. The Village Committee and the Para 
Meeting paved the way for the awareness of the villagers of common problems and the villagers' unity 
increased during the programs. 

Results of the JSRDE programs are highly significant for people's participation in FAP (Flood Action 
Plan), National Development Program and some rural development programs in Bangladesh. It is 
essential to evaluate and utilize the local village system and indigenous knowledge of villagers to 
promote people's participation. 


The authors are grateful to colleagues of the JSRDE Tangail project site and the villagers of Dakshin 
Chamuria for their cooperation. They especially thank Dr. Niaz Ahmad, JSPS Research Fellow at the 
Center for Southeast Asian Studies, Kyoto University for his valuable comments and cooperation in this 
report. 
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Fig 2.Water hyacinth control program 
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Abstract 

To analyze the structural modifications of forage grass lignin during digestion in ruminant animals, dioxane-soluble lignin fractions were isolated from the feces and rumen 
digesta of ruminants that received forage grasses, without any pretreatments such as ultragrinding, acid and alkali hydrolysis, and their physico-chemical characteristics were 
compared with those of undigested original lignin preparations of forage grasses. Both dioxane-soluble lignin fractions from the feces and rumen digesta were composed 
mostly of guaiacyl-syringyl lignin with p-hydroxyphenylpropane units and contained only small amounts of non-lignin constituents. When compared with the undigested 
original lignin preparations, the dioxane-soluble lignin fractions contained a larger amount of syringylpropane units, and a much smaller amount of bound phenolic acids and 
showed a lower molecular size. Dioxane-soluble lignin fractions from the in vitro rumen-digested residues of forage grass contained a smaller amount of bound phenolic 
acids and associated carbohydrates and showed a lower molecular size than those from the cellulase-treated residues. These results indicate that soluble lignin fragments, 
which are likely to be degradation products of grass lignins or lignin-carbohydrate complexes involving bound phenolic acids, are released in the rumen and then excreted in 
feces. 
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Introduction 

Lignin is a complex macromolecular substance composed of 3 phenylpropanoid residues, guaiacyl-, syringyl- and p-hydroxyphenylpropane units, and their ratios vary depending on 
the plant species, organs, tissues and maturity. It has been widely recognized that lignin in forages is virtually undigested and inhibits rumen fermentation of forage cell wall 
poly-saccharides, thereby reducing the utilization of forage by ruminant animals. The inhibitory effect of lignin is closely related to its structure and thus probably affected by 
modifications which lignin undergoes in the digestive tract of ruminants 3 - 1 !)• Research on the fate of lignin in the digestive tract demonstrated that some part of lignin fed to ruminants 
is solubilized as a complex with carbohydrates in the rumen6,7) and, after leaving the rumen, the complex is excreted as solid matter in the feces 18). Evidence for the solubilization or 
degradation of grass lignins by rumen microorganisms was provided by in vitro experiments 1,16,19). In addition, rumen digestion has been reported to lead to the decomposition of 
lignin model dimers into monoaromatic compounds and their metabolites4,5) and demethylation of the syringyl units of grass ligninl7). However, little is known about the composition 
and structure of solubilized or degraded lignin fractions. Characterization of the lignin fractions may provide further information not only on the nutritional effect of forage lignin but 
also on the biodegradation of plant lignins in anaerobic environment. 

We conducted a series of studies on the structural characteristics of lignin fractions solubilized or degraded during digestion in ruminant animals 12-15). We found that an organic 
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Physico-Chemical Characteristics of Soluble Lignin Fractions Released from Forage Grasses by Ruminant Digestion 
solvent-extractable lignin fraction was present in the rumen digesta and feces of ruminants fed on forage grasses, and characterized the soluble lignins by chemical analysis, 
nitrobenzene oxidation, UV, IR and 13C-NMR spectroscopy and gel permeation chromatography, compared with undigested original lignin preparations of forage grasses. 

Isolation and partial characterization of soluble lignin fractions from feces of sheep 

1) Isolation procedure of soluble lignin fractions from feces 

Orchardgrass (Dactylis glomerata L.), timothy (Phleum pratense L.) and Italian ryegrass (Lolium multiflorum Lam.) were grown as pure swards, harvested at the heading stage of the 
first growth and, after wilting for a half-day, dried in an air-forced drier to give grass hays. Hay of each type of grasses was offered to 4 sheep at a maintenance level during a 7-day 
adaptation period and a 7-day collection period. Feces were sampled during the collection period and representative samples were dried at 55oC and ground with a Wiley mill to pass a 
1 mm screen. 


The fecal samples from 4 different sheep were bulked and pre-extracted with ethyl ether. After air-drying, the pre-extracted residue was extracted with 90% (v/v) aqueous dioxane for 
48 h at room temperature, and the dioxane extract was dried under reduced pressure to give a crude dioxane-soluble lignin fraction. The crude lignin fraction was dissolved in 90% 
(v/v) acetic acid and precipitated in ethyl ether. After drying, the precipitate was suspended in water to remove water-soluble contaminants. The insoluble material was collected by 
centrifugation and purified by re-dissolution in acetic acid followed by re-precipitation in ethyl ether. 


2) Composition, UV and IR spectra of soluble lignin fractions from feces 
Table.l 

Yield and composition of the dioxane-soluble lignin fractions isolated from feces of 
sheep fed on orchardgrass, timothy and Italian ryegrass 


Yield (g kg- 1 feces > 
Elemental Composition 
(g kg-l soluble lignin) 

C 

H 

N 

Chemical composition 
(g kg-i soluble lignin) 
Klason lignin 
Carbohydrate 


Orchardgrass Timothy 

12.4 15.6 

581 574 

56 59 

8 7 

875 844 

18 23 


Italian ryegrass 

9.5 


585 

61 

12 


The yield of dioxane-soluble lignin from the feces was in the range of 9.5-15.6 g kg-l dry feces (Table 1) . 

The forage grass samples did not contain any significant amount of dioxane-soluble lignin. The dioxane-soluble lignin fractions contained only small amounts of non-lignin 
constituents such as nitrogenous compounds and carbohydrate, and most part of the lignin was converted into an acid-insoluble residue (Klason lignin) by 72% sulfuric acid hydrolysis 
for all the grasses. The 3 soluble lignin fractions showed similar UV absorption spectra with a maximum at 278 nm and a shoulder peak at around 320 nm (Fig. 1). 

Fig.l UV spectra of the dioxane-soluble lignins from feces of sheep fed on forage grasses(22 KB) 

The absorption maximum was attributed to hydroxylated aromatic nuclei and the latter shoulder peak to bound phenolic acids. No appreciable differences were found in the absorption 
coefficient among the 3 soluble lignin fractions. IR spectra showed distinct bands at 1,600,1,510 and 1,425 cm-1 attributable to aromatic nuclei of lignin (Fig. 2). 

Fig.2 IR spectra of the dioxane-soluble lignins from feces of sheep fed on forage grasses(28 KB) 

Bands associated with guaiacylpropane units were observed at 1,030 and 1,270 cm-i, and a band assigned to syringylpropane units appeared at 1,330 cm-1. 
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Physico-Chemical Characteristics of Soluble Lignin Fractions Released from Forage Grasses by Ruminant Digestion 
The present analytical and spectral data revealed the presence of soluble lignin fractions consisting mostly of lignin components in the feces of sheep fed on forage grasses. The 
dioxane-soluble lignin fractions were insoluble in water but soluble in 80% ethanol, neutral and acid detergents; fibrous residues prepared with these reagents from feces were free of 
dioxane-soluble lignin. Consequently, the presence of dioxane-soluble lignin in feces of ruminants accounted partly for the incomplete fecal recovery of dietary lignin, which has often 
been reported. 
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Fig.l. 

UV spectra of the dioxane-soluble lignins from 
feces of sheep fed on forage grasses 
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Fig.2. 

IR spectra of the dioxane-soluble lignins from 
feces of sheep fed on forage grasses 
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Structure of lignin fractions isolated from forage grasses and from feces of 
sheep fed on them 

1) Isolation procedure of lignin fractions from forage grasses and from feces 

Two undigested original lignin preparations (ball-milled lignin, BML and ball-milled and 
cellulase-treated lignin, CTL) were isolated from orchardgrass and timothy hay samples harvested at the 
heading stage. The grass hay samples were boiled with 80% (v/v) ethanol under reflux for 1 h, the 
residues collected by filtration and dried. The dried residues were ultraground with a vibratory ball mill 
in the dry state under N 2 atmosphere with external cooling by water for 24 h. The ultraground sample 
was extracted with a 90% dioxane solution for 24 h at room temperature, and the extract was dried under 
reduced pressure to give a crude lignin fraction (BML). The ultraground and dioxane-extracted residue 
was treated with cellulase at 40°C for 24 h under a toluene atmosphere. The resultant insoluble residue 
was collected by centrifugation and washed with water. Crude lignin (CTL) in the insoluble residue was 
obtained by extraction with 90% dioxane. The crude soluble lignin fractions were dissolved in 90% 
acetic acid and then precipitated in water. The precipitated lignins were further purified by re-dissolution 
in 90% acetic acid followed by re-precipitation in ethyl ether. 

Dioxane-soluble lignin fractions (fecal soluble lignin, FSL) in feces of sheep fed on forage grasses were 
prepared by the same method as that described above. 

2) Characteristics of different soluble lignin fractions 

Table 2. Chemical composition , neutral sugar composition, and nitrobenzene oxidation products of 

the 3 dioxane-soluble lignin fractions from forage grasses (38 KB) 

BML and CTL, extracted from the ball-milled grasses, were relatively rich in associated carbohydrates 
(Table 2) . The major neutral sugars of associated carbohydrates in BML and CTL were D-xylose and 
L-arabinose. In contrast to BML and CTL, FSL from the feces of sheep contained much less 
carbohydrate, which was poor in D-xylose. The analytical data agreed with the spectra (Fig. 

3) . In the spectra of BML and CTL, signals derived from 2 -l, 4-linked xylan chains were observed at 
63.2-63.7 (C-5), 74.6-75.0 (C-3), 75.5-75.8 (C-4) and 101.4-102.1 (C-l) ppm, together with those of the 
acetyl group in the xylans at 20.7-21.3 ppm. In the spectra of FSL, on the other hand, NMR signals from 
the xylan backbone were below the background noise level. These results suggest the occurrence of 
marked degradation of the lignin-associated xylans by digestion in sheep. 

Grass lignins are characterized by high levels of ester-linked p-coumaric acid8). The undigested original 
lignin preparations of forage grasses, BML and CTL, contained 10-21 g kg-1 ester-linked p-coumaric 
acid while the p-coumaric acid ester content of FSL from the feces was very low (Table 2) . This 
difference was confirmed by the 13C-NMR spectra (Fig. 3) . A prominent signal at 130.2-130.5 ppm 
originating from C-2 and C-6 in p-coumaric acid ester was observed in the spectra of BML and CTL, 
whereas the corresponding signal was virtually absent in the spectra of FSL. 
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Fig. 3.13C NMR spectra of the dioxane-soluble lignins from ball milled 

orchardgrass(BML),baUmiUed and cellulase-treated orchardgrass(CTL), and feces of sheep fed on 

orchardgrass(FSL)(37 KB) 

The major phenolic aldehydes produced by nitrobenzene oxidation were p-hydroxybenzaldehyde, 
vanillin and syringaldehyde (Table 2) , which were derived from p-hydroxyphenylpropane, 
guaiacylpropane and syringylpropane units, respectively. The yield of p-hydroxybenzaldehyde decreased 
in the following order: CTL, BML and FSL. Although no large differences were found in the yields of 
vanillin and syringaldehyde among the 3 lignins, the molar ratio of syringaldehyde (S) to vanillin (V) 
was higher for FSL than for BML and CTL. In the 13C-NMR spectra (Fig. 3) , FSL showed higher 
relative intensities of a signal originating from C-2 and C-6 in syringyl units (104.0-104.7 ppm) to those 
of C-2 (111.3-111.9 ppm) and C-6 (119.1-119.7 ppm) in guaiacyl units than for BML and CDL. The 
increased molar ratio of S to V in FSL and the 13C-NMR data indicate that the dioxane-soluble lignin 
fractions from feces of sheep were richer in syringyl units. Based on a microscopic study, plant tissues 
with syringyl type lignin are more readily degraded by rumen microorganisms than tissues with other 
types of lignin2). A recent study using 14C-lignin cell wall preparations of wheat has revealed a more 
extensive solubilization of syringyl units by in vitro rumen fermentation 17). 

Fig. 4. Gel permeation chromatograms of the dioxane soluble lignin fractions front ball-milled grasses 

(BML. ), ball-milled and cellulase-treated grassesjCTL. ), and feces of sheep fed on grasses 

(FSL,—)(20 KB) 


The gel permeation chromatograms of BML, CTL and FSL are shown in Fig. 4 (17 KB) . For both 
grasses, FSL contained a larger amount of low molecular size fractions than CTL and BML; CTL 
contained higher molecular size fractions that eluted at the void volume. Similar differences were 
observed with the saponified lignin preparations. Ball milling breaks bonds in the lignin-carbohydrate 
complex and causes depolymerization of lignin macromolecules due to the cleavage of ether bonds9) and 
thereby part of native lignin is converted to an organic solvent-extractable form. The elution profiles of 
gel permeation chromatography show that FSL was composed of lignin fragments with lower molecular 
sizes, compared with BML and CTL, and hence it is likely that the soluble lignin fragments released by 
digestion in sheep corresponded to depolymerization products of the forage grass lignins. 
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Table 2. 

Chemical composition, neutral sugar composition, and nitrobenzene oxidation 
products of the 3 dioxane-soluble lignin fractions from forage grasses 




Ore hard grass 



Timothy 



BML 

CTL 

FSL 

BML 

CTL 

FSL 

Chemical composition (fi *6 1 soluble lignin) 

KlisOil kgnin 

643 

651 

875 

626 

64* 

844 

Carbohydrate 

210 

191 

IB 

217 

175 

23 

£stcr-linked p-couinaric acid 

10.3 

16.9 

3.4 

12.9 

21.1 

4,3 

Ester-linked fitulie acid 

4.9 

J.3 

U 

5.4 

3.4 

tr 

Neutral tugar com position (g k& 1 total sugars) 

L-RhamnOie 

S 

IT 

£1 

19 

4 

85 

L-Arabinwe- 

91 

(44 

119 

89 

1*2 

124 

J>Xylosc 

833 

767 

JB3 

B46 

729 

389 

D-Mannose 

2 

tr 

33 

1 

tr 

21 

D-Gmlaetoie 

17 

N 

143 

9 

6 

96 

P-Cilucose 

30 

7« 

251 

36 

77 

285 

Nitrobenzene oxidation products 

Yield (g kg’ 1 Klason lignin in soluble Lignin) 

jt^HydroxybenraJdehydc 

SO 

IL9 

6.6 

95 

11.2 

5.9 

Vanillin fV) 

ii 

m 

«S 

I0B 

112 

90 

SyribEBldehyde (S) 

63 

SJ 

*4 

SO 

96 

100 

Molar ratio af S 10 V 

0,64 

0-66 

0.B3 

0-62 

0,73 

0,92 


QML; extracted from bal]*millcd gr&H, CTL: extracted from bail-milled and, tcllulasc-Lrcalcd grits, F5L: extracted 
from feces of sheep fed on grass, tr: trices. 
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Fig.3. 

13C-NMR spectra of the dioxane-soluble lignins from 
ball-milled orchardgrass (BML), 

ball-milled and cellulase-treated orchardgrass(CTL), and feces 
of sheep fed on orchardgrass(FSL) 
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6, ppm 

"C-NMR spear* of the dioxane-soiubfc bgmns from baD-msUed orchardgrass (BML). 
ball-nulled and cetlulase-lrcated orchardgrass (CTL). and feces of sheep fed on 
orchardgrass (FSL) 

Ac: acetyl group in sylaas, OMe: methoxyl group in guaiacyl and syringyl 
units and ferulk acid. Co: C-o in fl-O-4. Cfl C-fl in fl-O-4, Cy: C-y in 
fl-O-4. XI: C-l in 0-xylose (1-4), X2-4: C2/J/4 in 0-xylose (1-4). X5: 
C-5 in 0-aylose (1-4). S: C-2/6 in syringyl unit, 02: C-2 in guaiacyl unit. 
06: C-6 in guaiacyl unit. G/PC/FE C-5 in guaiacyl unit and C VS in p- 
coumaric add ester and C-fl in ferulk add ester. PC2/6: C-2/6 in p-coumaric 
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Fig.4. Gel permeation chromatograms of the dioxane soluble lignin fractions from ball-milled grasses (BML 

—), ball-milled and cellulase-treated grasses(CTL,—), and feces of sheep fed on grasses (FSL,—) 
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Comparison of soluble lignin fractions from rumen digesta and feces of heifer 

1) Isolation procedure of soluble lignin fractions 

Orchardgrass hay harvested at the pre-heading stage was offered to a heifer (Japanese Black Cattle) fitted with a rumen fistula during a 14-day adaptation period and a 2-day collection 
period. A rumen digesta sample was taken prior to 09:00 feed for 2 days, freeze-dried and bulked. Feces collected during the 2-day period were mixed thoroughly and a representative 
sample of the feces was freeze-dried. Soluble lignin fractions were extracted from the rumen digesta and fecal sample with 90% dioxane and purified as described above. 

2) Physical and chemical characteristics of soluble lignin fractions 

Table 3. Chemical composition, nitrobenzene oxidation products and molecular size on of the dioxane-soluble lignin fractions from rumen digesta and fecesof heifer fed on 

orchardgrass(24 KB) 

The yields of the dioxane-soluble lignin were 3.3 g kg 1 f° r the rumen digesta and 8.2 g kg-1 for the feces. It was preliminarily confirmed that the orchardgrass hay sample did not contain 
any significant amounts of dioxane-soluble lignin. Most of the dioxane-soluble lignin was recovered as Klason lignin by 72% sulfuric acid hydrolysis (Table 3) . There were no 
considerable differences in the levels of bound phenolic acids and the yields of phenolic aldehydes produced by nitrobenzene oxidation between the rumen digesta and feces samples 
(Table 3) . Both dioxane-soluble lignin fractions showed a wide molecular size distribution ranging from monomer up to 15,000. Elution maxima appeared at a molecular weight of 1,500 
for the rumen digesta and at a molecular weight of 1,480 for the feces. The rumen and fecal dioxane-soluble lignin fractions had similar number-average molecular weights (Mn) and 
weight-average molecular weights (Mw) (Table 3) . 

The presence of dioxane-soluble lignin fractions in the rumen digesta indicates that, part of the orchardgrass lignin fed was released in the rumen as soluble lignin fragments. The chemical 
and physical properties of the fecal dioxane-soluble lignin were similar to those of the rumen dioxane-soluble lignin, suggesting that the soluble lignin fragments did not undergo any 
significant modifications after leaving the rumen. 

Characteristics of soluble lignin fractions formed by in vitro rumen digestion of forage grass 

1) Isolation procedure of soluble lignin fractions 

Timothy hay harvested at the seed setting stage, supplemented with soybean meal, was offered to a heifer (Japanese Black Cattle) fitted with a rumen cannula during a 7-day adaptation 
and a 3-day collection period. Hay and feces were sampled during the collection period and their representative samples were dried, ground to pass a 1 mm screen. The hay sample was 
boiled with 80% ethanol under reflux for 1 h. The ethanol-extracted and dried residue was ultraground with a porcelain ball-mill for 10 days and then pre-extracted with 90% dioxane. The 
dioxane-extracted and air-dried residue was divided into 2 parts: one was subjected to enzymatic treatment and the other subjected to in vitro rumen digestion. 

One part was treated with cellulase at 40pC under a toluene atmosphere for 72 h. The insoluble residue after the enzymatic hydrolysis was collected by centrifugation, washed with water 
and freeze-dried. The dried residue was extracted with 90% dioxane. The dioxane extract, after drying by evaporation, was dissolved in 90% acetic acid and then precipitated in water. The 
precipitated lignin was further purified by dissolution in 90% acetic acid followed by precipitation in ethyl ether to give cellulase-treated lignin (CTL). 

The other part was digested in rumen liquor in vitro for 72 h. The rumen liquor used was taken from the fistulated heifer that received the timothy hay and soybean meal. The in vitro 
rumen-digested residue was collected by centrifugation, washed with water and freeze-dried. A soluble lignin fraction in the residue (rumen-digested lignin, RDL) was extracted with 90% 
dioxane and purified by re-dissolution and re-precipitation. 

Dioxane-soluble lignin (heifer-digested lignin, HDL) in the fecal sample of the heifer was extracted and purified in the same way as described above. 

2) Physical and chemical characteristics of soluble lignin fractions 

Table 4. Chemical composition of the 3 dioxane-soluble lignin fractions from timothy 
CTL RDL HDL 


(g kg-1 soluble lignin) 
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Klason lignin 

708 

887 

889 

CTL: extracted from ball-milled and cellulase-treated timothy, 

Carbohydrate 

189 

50 

37 

RDL: extracted from ball-milled and rumen-digested timothy, 

P-Coumaric acid 
Ester-linked 

15.0 

3.7 

3.4 

HDL: extracted from feces of heifer fed on timothy. 

Ester-linked 

2.3 

1.5 

1.5 


Ferulic acid 

Ester-linked 

2.1 

0.4 

0.6 


Ester-linked 

6.5 

2.3 

3.4 



Although CTL and RDL were prepared from the same timothy sample, the 2 lignin fractions differed considerably in chemical and physical properties. RDL contained less carbohydrate, 
ester- and ether-linked p-coumaric and ferulic acids than CTL (Table 4) . The lower levels of the bound phenolic acids in RDL than in CTL suggest the removal or degradation of the 
bound phenolic acids from timothy lignin by rumen fermentation. This assumption does not conflict with the similarity in the composition between RDL and HDL. Phenolic acid ethers 
are reported to form a cross-linking unit between lignin and polysaccharides in grass cell wallsl0,20). The decrease in the carbohydrate and phenolic acid ether contents in RDL may be 
indicative of ruminal degradation of a lignin-carbohydrate complex involving cross-linking phenolic acid ethers. 

Fig.5 Gel permeation chromatograms o f the dioxane-soluble lignin fractions from ball-milled and cellulase-treated timothy (CDL. ), ball-milled and rumen-digested 

timothy(RDL,and feces o f heifer fed on timothy (HDL. )120 KBl 


Appreciable differences were observed in the molecular size distribution among the 3 lignin fractions (Fig. 5) . CTL was distributed in a higher molecular size region than RDL and HDL. 
About 30% of CTL, based on the area ratio of the chromatogram, was eluted at the void volume. Saponification did not substantially affect the differences in molecular size distribution 
among the 3 lignin fractions (Fig. 5) , although saponification reduced the carbohydrate content of all the soluble lignin fractions extensively and liberated ester-linked phenolic acids. 
Consequently, it is considered that RDL consisted of lignin fragments with lower molecular sizes than CTL. This finding suggests that rumen microorganisms are able to modify the 
macromolecular structure of forage grass lignin. 


[j ^Forward to: - Estimation of Fine Root Production in Coniferous Forests in Japan - 

a ack to: Contents 

SlBac 


r ack to: JIRCAS home p 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-3/kondo/kondo3.html (2 of 2) [10/7/2002 9:28:02 PM] 








Table 3. 

Chemical composition, nitrobenzene oxidation products and molecular size 
of the dioxane-soluble lignin fractions from rumen digesta and feces of 
heifer fed on orchardgrass 



Rumen digesta 

Feces 

Chemical composition (g kg' 1 soluble Si grin;) 



Klason lignin 

821 

856 

Carbohydrate 

29 

31 

Nitrogen 

25 

18 

/j-Cou marie acid 



EsteMmked 

3.0 

2.8 

Etherdmkcd 

1.4 

1.6 

Ferulic acid 



Ester-linked 

1.3 

1.3 

Ether-linked 

13 

2,1 

Yields qf nitrobenzene oxidation products (A kg 

1 soluble lignin I 


p-Hydrozybcnzaldehyde 

5 

5 

Vanillin 

55 

J# 

5? ring aldehyde 

44 

47 

Molecular size 



Number average (M„) 

690 

650 

Weight average (M w ) 

1,480 

1,450 

Polydispersity 

2.14 

2.23 
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Fig.5 

Gel permeation chromatograms of the dioxane-soluble lignin fractions from 
ball-milled and cellulase-treated timothy (CDL,=), ball-milled 

and rumen-digested timothy (RDL,.), 

and feces of heifer fed on timothy (HDL,—) 




http://ss.jircas.affrc.go.jp/engpage/jarq/32-3/kondo/jkondo5.html [10/7/2002 9:28:06 PM] 

















Estimation of Fine Root Production in Coniferous Forests in Japan 

Estimation of Fine Root Production in Coniferous Forests in Japan 

Nobuhiko KASUYA 

Faculty of Agriculture, Kyoto Prefectural University (Sakyo-ku, Kyoto, 606-8522 Japan) 


Abstract 

It is well documented that fine root production (FRP) in forest ecosystems is large due to rapid turnover in spite of the small standing crop. Several 
methods have been applied to measure FRP: sequential coring, ingrowth core, nitrogen budget, soil carbon budget, and mini-rhizotron methods. 
The processes as well as advantages and disadvantages of each method were briefly reviewed in this report. The soil micromorphological method 
applied in a Japanese coniferous forest was described. This method enables to determine the fine root distribution and microstructure of the organic 
layer where fine roots are mostly concentrated. The ability to observe root cross-sections may improve the classification of the physiological status 
of the roots. The data obtained by this method at one time indicated that those fine and active roots were distributed mostly in the superficial litter 
layer of the soil. In the fermentation layer below, a smaller number of active types of roots were found. Periodical collections of samples may 
enable to study seasonal changes of fine roots and supply additional information on root ecology. The most difficult problem in the study of fine 
root dynamics is still the methodology. Over- and underestimation should be corrected to acquire more accurate information on forest production 
ecology and the role of forests in carbon and nutrient balance. 


Discipline: Forestry and forest products 

Additional key words: ecosystem, ingrowth, root free soil core, soil micromorphology, turnover 
1~36) ; Click here for References 

Introduction 

Fine roots (including mycorrhizae) play an important role in the carbon and nutrient economy in temperate forest ecosystems. In many cases, more than 50% of annual net primary production 
(NPP) is allocated belowground 9 ’ 10 ’ 17 ), an d nutrient return to the soil by fine root death may exceed that by aboveground litterfall32). However, there had been discrepancies in the methods of 
measuring the fine root production (FRP) and turnover in the past decades7, 8,19,23-26,29,31). Hendricks et al. (1993)14) raised an important question: Is belowground NPP positively or 
negatively correlated to aboveground NPP? They concluded that a positive correlation was more likely, despite many conflicting data. 

This review compares several methods used to estimate FRP, examines the contribution of belowground components to the forest productivity, and offers a new approach, that is, 
micromorphological method of studying the fine root dynamics in a coniferous forest in Japan. 

Methods of estimating fine root production 

Several methods have been developed to estimate fine root production27, 33,36). In this paragraph, I will describe each method and the results obtained. First of all, in the "sequential coring" 
method attempts are made to detect seasonal fluctuations by the following procedures: a certain number of small volumetric soil samples are collected at regular intervals, and the differences in the 
mean root biomass are summed to represent fine root production. Unexpectedly a large fine root production was first reported by Edwards and Harris (1977)5) in a mixed deciduous forest. They 
measured fine root biomass several times over a period of 2 years and found distinct seasonal changes expressing bimodal peaks each year. Persson (1978)24) suggested that the supply of dead fine 
root materials to the soil was considerably higher than that conventionally expected. Here it must be noted that some types of calculations give a wide range of values7,8,29). In the simplest way, 
production is estimated by subtracting the minimum from maximum fine root standing crop, while in other cases either all differences or only significant differences are summed. McClaughty et 
al. (1982)20) developed a decision matrix to account for the simultaneous occurrence of production and death, assuming rapid fine root turnover. They compared some values from different 
calculations plus decomposition data and suggested that lower estimates of production were more accurate. 

In the "ingrowth core" method soil cores are taken, the roots are removed from them and the soil samples are buried after packing them into meshbags so that the roots can penetrate into the 
root-free soil cores through the mesh from the surrounding soil27,33). The advantage of this method is that it enables to compare different experimental treatments and it is less laborious than 
sequential coring. However it is difficult to convert the data on an area basis33). Persson (1983)26) actually compared FRP estimates based on "sequential coring" and "ingrowth core" method in 
boreal forests, and found only small differences in magnitude. My preliminary experiment with this methodl5) in a Japanese cedar (Cryptomeria japonica D. Don) plantation showed that fine root 
regrowth into the root-free soil cores was more abundant from midsummer to late fall than from spring to midsummer (Fig. 1) . This finding contrasted with shoot growth which occurred most 
rapidly from early to midsummer in this stand. Surprisingly, the amounts of very fine roots (less than 1 mm in diameter) in the ingrowth core were considerably larger (more than double) than 
those in the original soil core after a 4-month incubation period from midsummer to late fall. However, the effect of severing roots in installing the cores and the difference in soil texture as a 
rooting medium should be considered in interpreting the results from this method. 
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Fig. ] .Amount of roots which regrew into root-free soil cores during 2 periods d =diameter of roots. Bars indicate standard errors of the mean.(21 KB) 

Aber et at. (1985)1) and Nadelhoffer et al. (1985)22) presented in the same year another approach to estimate FRP, namely, the "nitrogen (N) budget" method. Raich and Nadelhoffer (1989)28) 
introduced an innovative "soil carbon (C) budget" method. These 2 methods can be combined and are referred to as the "budget" method. N budget method determines the amount of N mineralized 
in soil by soil incubation, N uptake by aboveground part of plants, N content in the aboveground litterfall. FRP estimates can then be calculated. Soil carbon budget can only set the upper limits to 
FRP, but it can verify the overestimation of FRP. The upper limits can be obtained by subtracting the C amount in litterfall from that of soil respiration. The resultant limits are referred to as total 
root allocation which expresses live root respiration plus belowground detritus production. These authors were able to define the relationship between aboveground litterfall data and FRP from N 
budget, and they suggested that annual FRP increases with aboveground production23). Also their analysis showed that FRP values from "sequential coring" exceeded the predicted upper limits by 
"soil C budget" in some cases, which may suggest overestimation. 

"Minirhizotron" experiments were carried out in North American hardwood forestsll-13). This method requires facilities such as glass tubes inserted into the soil, borescopes equipped with a video 
camera, and the software suitable for processing data to periodically record root images and analyze them. The most striking feature is that it can provide demographic data, though the root growth 
may perhaps be different on the interfaces between the soil and the glass tube. Hendrick et al. (1993)12) converted their data on a mass basis and obtained FRP estimates of 8,000 and 7,300 
kg.ha-l.yr-1 at the 2 sites, which illustrated the important role of fine roots in forest production. 

Finally the method of "soil micromorphology" is often used in pedogenesis and soil taxonomy. In the next section, I will present an example of this method in a Japanese coniferous forest. 

Application of soil micromorphology to fine root dynamics study 

Table 1. Classification of roots in soil thin sections 

Root type Characteristic 

Type 1 Showing annual growth ring(s) 

Type 2 Both stele and cortex stained(blue) 

Type 3 Only stele stained (blue) and cortex suberized (brown) 

Type 4 Both stele and cortex suberized 

Type 5 Part of stele and/or cortex decomposed (missing) 

Type 6 Only epidermis and endodermis remaining 

A larger number of root types reflect the status of roots with low activity, except for type 1,which has a thick xylem 

The experimental site was a natural Hinoki cypress (Chamaecyparis obtusa Endl.) forest. The stand density (larger than 2 cm in diameter at breast height) was 2,700 (no., ha-1) and the basal area 
was 46.5 m2.ha-l. The soil samples were collected in October 1993, and impregnated with polyethylene glycol (molar mass 4,000) at the site and again in the laboratory and cut with a rock slicer. 
The sampling depth was limited to the organic layer because of the hardness of the resin used. Fine roots were, however, mostly concentrated in the organic layer. Thus the soil thin sections were 
stained with methylene blue. The detailed description is presented in the reports of Takeda (1987)30) and Kasuya, Takeda & Iwatsubo (1992)16). The roots that appeared in the soil thin sections 
were examined under a microscope and classified by the degree of staining, suberization and decomposition (Table 1, Fig. 2) . The diameters of roots of each type are depicted in Fig. 3 . 

Fig. 2. Photographs o f cross-sections o f roots in soil thin sections(28 KB) 

Fig.3:Frequency distribution of root diameter in soil thin sections(46 KB) 

A s anticipated, type 1 which shows secondary thickening displayed the largest diameter, while other types, which all consisted of absorbing roots, did not exhibit any difference in the pattern of 
distribution of root diameter values. Type 2 (the most active roots in terms of absorption capacity) was concentrated in the shallowest layer (Fig.4) . 

Fig.4:Number and percentage of roots of each type in soil cross-sections at each soil depth The type with a low number represents the roots with a more vigorous appearance.(39 KB) 

This layer corresponded to the litter layer of the forest floor (about 1 cm thick), and the fermentation layer was 3 to 4 cm thick. Although the results were recorded at one time and not in a time 
series, this method enabled to obtain an accurate classification of root activity by observing directly a cross-section of roots and the fine distribution of roots especially in ecosystems showing 
distinct seasonal changes in growth. Takeda (1987)30) proposed the use of the method in the classification of organic layers of soil. Also the method can be applied to mycorrhizal research and soil 
biology after improvement of staining or microscopic techniques8). 
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Future research 


Since belowground NPP is positively correlated with aboveground NPP based on data obtained by the "budget" method, the most difficult problem is to determine why fine root decomposition is 
slow (usually less than 30% per year, from data compiled by Vogt et al. (1991)34)) though many data indicate the large contribution of fine roots to annual NPP. Bloomfield and Vogt (1996)4) 
reported that the higher lignin content of fine roots than that of senescent foliage may inhibit decomposition in coniferous as well as in other forest ecosystems. Fahey (1994)6) attributed the slow 
decomposition rate of fine roots to the disturbance effect of the litterbag method used for measuring the decomposition, whereas Vogt et al. (1991)34) compared litterbag and other methods such as 
trenching, and suggested that the former method gave smaller decomposition rates. It is hoped that the discrepancies in the data of rapid turnover rate and slow decomposition rate of fine roots will 
be resolved. Atkinson (1992)3) also pointed out that root consumption by herbivores should be re-examined. In the current micromorphological study, it appeared that a substantial amount of roots 
were grazed since many fecal pellets of collembola were found all around the root cross-sections (Fig. 2) . Furthermore, if the amount of fine root biomass is low in high productivity sites35), how 
can a tree compensate for the decrease in surface area for absorbing water and nutrients? Some researchers have suggested that woody coarse roots must be responsible for these functions2,18). 
Hendricks et al. (1993)14) noted that the pattern of antiherbivore compound allocation and retranslocation along a N availability gradient remained unknown, since 40-70% of the macronutrients 
were reabsorbed in fine roots prior to senescence in some coniferous forests21). 

It remains to be determined whether there is a positive or negative correlation between belowground and aboveground NPP not only in forest production studies but also in relation to the global 
climatic changes in the near future since forests can mitigate the carbon dioxide increase by acting as a sink 
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Fig.2 

Photographs of cross-sections of roots 
in soil thin sections 

a) Type 2, only epidermis is brown. 

b) Type 3, fecal pellets in the lower part. 

c) Type 6, cortical tissues missing. 
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Fig.4 

Number and percentage of roots of each type in soil cross- 
sections at each soil depth 

The type with a low number represents the roots with a more 
vigorous appearance. 
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Animal Waste Problems and Their Solution from the Technological Point of View in Japan 

Kiyonori HAGA 

Department of Feeding and the Environment, National Institute of Animal Industry 
(Tsukuba, Ibaraki, 305-0901 Japan) 

Abstract 

Intensive animal raising in limited areas such as in Japan results in a large accumulation of animal wastes which have been causing serious pollution problems. 
Animal farms are bound by strict regulations to control environmental pollution, especially water pollution and offensive odor evolution. Animal wastes which are 
taken out from the farm are classified into 3 types; solid, slurry and waste water. Solid wastes are treated by drying or composting. Dried wastes are used not only 
as fertilizer but also as fuel for combustion to obtain energy. Compost is the main product from animal wastes in Japan. Slurry is treated by liquid composting or 
methane fermentation to produce biogas. But slurry spreading to the field is almost restricted to regions such as Hokkaido where there is enough space to apply a 
large amount of slurry. Waste water is treated by the activated sludge process to obtain clean water or simplified aeration method to produce liquid fertilizer. The 
most appropriate techniques of animal waste management involve proper treatment followed by application of the treated wastes to cropland for agricultural use as 
organic fertilizer sources. 


Discipline: Animal industry 

Additional key words: drying, composting, broiler litter boiler, activated sludge process 
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Background 

1) Animal industry in Japan 

The animal industry in Japan has expanded rapidly, for the last few decades, with increasing demand for animal products by the Japanese people. The expansion of the 
animal industry is characterized by a drastic increase in the number of animals per farm. For example, the average number of pigs per farm in 1996 (618.8 head per 
farm) was about 86 times that in 1966 (7.2 head per farm) (Table 1) . This kind of expansion of animal industry results in the accumulation of wastes in limited areas. 
Table.1 Changes in the number of pigs, farms and the average number of pigs per farm(16 KB) 

2) Output of animal wastes 

The amount of animal wastes excreted in 1996 was estimated at 85,450,0001 per year (Fig. 1) , an amount exceeding Japanese people night soil and domestic wastes. In 
1966, cattle wastes accounted for 75% of the total wastes. The amount of pig and poultry wastes steeply increased during the 1970s and now it accounts for about 50% 
of the total. In recent years, the total amount of animal wastes has remained at around 90,000,0001 due to the small changes in the number of animals. 

Fig.l. Annual changes in animal wastes(25 KB) 

3) Occurrence of animal waste pollution problems 

The number of complaints against animal waste pollution increased steeply until 1973 (11,676 per year) and then gradually decreased (Fig. 2) . The number of 
complaints in 1996 decreased to 2,576 which is less than one fourth of the number in 1973. Apparently, it appears that the occurrence of pollution problems is on the 
decrease. However, in the meantime, the decrease in animal farms is much more drastic while the number of complaints per farm has been rather increasing, suggesting 
that the problems are becoming increasingly more complicated and serious for each farm. 

Fig.2. Annual changes in the number of complaints about pollution problems by animal wastes(25 KB) 

4) Legislation 
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(1) Legislation system 

Animal farms are controlled by strict regulations (Fig. 3) . Government legislation of environmental pollution control has been developed due to social needs around 
1970. The enactment of the Basic Law for Environmental Pollution Control of 1967 was followed by the enactment of many other laws, namely the Water Pollution 
Control Law in 1970, the Waste Disposal and Public Cleansing Law in 1970, the Offensive Odor Control Law in 1971, etc. Recently, the Basic Law of 1967 has been 
fully revised into the Environment Basic Law of 1993 which involves the establishment of social systems for environmental conservation and introduces the concept of 
preservation of the global environment. Animal waste pollution problems are mainly related to water pollution and offensive odor evolution. 

Fig.3. Legal constraints related to animal wastes(26 KB) 

(2) Water pollution control 

Table 2. Criteria of discharged water 


Items 

Units 

Limits 

pH 


5.8~8.6 

BOD 

mg/L 

160(Daily average 120) 

COD 

mg/L 

160(Daily average 120) 

ss 

mg/L 

200(Daily average 150) 

Coliform 

number/mL 

3,000 

N 

mg/L 

120(Daily average 60) 

P 

mg/L 

16(Daily average 8) 


Table 2 shows the regulation standards of discharged water closely related to animal wastewater. These criteria are governmental ones. Each prefecture can promulgate 
much stricter criteria depending on the local conditions, such as the presence of a national park, water catchment area, etc. Nitrogen and phosphorus were newly 
introduced in 1985 to cope with the eutrophication of lakes and sea. Limits until 2,000 for nitrogen and phosphorus contents in animal waste water are less than 140 
mg/L (daily average 70 mg/L) and less than 34 mg/L (daily average 17 mg/L), respectively. In 1994, the concentration of substances with a trihalomethane forming 
potential (THMFP) 10 ) which are the precursors of trihalomethanes considered as carcinogens was regulated in various catchment areas. The criteria for animal waste 
water range from 1.3 to 5.2 mg/L. 


(3) Offensive odor control 

Table 3 shows the regulation standards of 22 offensive odor substances which correspond to an odor intensity of 2.5 to 3.5. Among them, 9 substances, such as 
ammonia, methyl mercaptan, hydrogen sulfide, dimethyl sulfide, dimethyl disulfide, propionic acid, n-butyric acid, n-valeric acid, and isovaleric acid are closely related 
to animal waste odor. Each prefecture can set up an initial criterion between the governmental ranges listed in Table 3 depending of the local conditions. In April 1996, 
a new regulation of odor index between 11 to 20 based on sensory tests was enacted additionally. 

Table 3. Criteria o f offensive odors(26 KB) 
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The-state-of-the-art of animal waste management 

Animal wastes which are taken out from the farm are classified into 3 types; solid, slurry and waste water (Fig. 4) . Solid wastes are treated by drying or composting. Dried wastes are used not only as 
fertilizer but also as fuel for combustion to obtain energy. Slurry is treated by liquid composting or methane fermentation. Waste water is treated by the activated sludge process to obtain clean water or 
simplified aeration method to produce liquid fertilizer. The most appropriate techniques of animal waste management should involve proper treatment prior to the application to land. Drying, composting, 
energy production and waste water treatment are popular and well-studied in Japan. 

Fig.4. Methods generally used for animal waste management in farms(25 KB) 

Drying 

Raw wastes with a high water content are dirty, offensive, putrescible and troublesome in handling. Reduction of water content is necessary for convenience in handling of animal wastes. Drying in a 
greenhouse with solar heating is superior to that with oil heating, because expenses can be reduced and energy saved. The evaporation power by the greenhouse system is 4.5~5 L/m 1 2 3 4 in summer and 1.5~2 
L/ m 2 in winter in Japan4). The area of greenhouse required for construction can be easily estimated based on the evaporation power and the amount and water content of animal wastes to be dried. 

Composting 

Compost is the main product from animal wastes in Japan. The objectives in composting are to stabilize the biodegradable organic matter (BOD) in raw wastes, to reduce offensive odors, to kill weed seeds 
and pathogenic organisms, and finally, to produce a uniform organic fertilizer suitable for land application. 

1) Conditions for composting 

Controlled conditions are important for composting, to distinguish it from other natural biological decomposition processes such as rotting and putrefaction2). Animal wastes contain a sufficient amount of 
nutrients (biodegradable organic matter) for microorganisms and an adequate number of microorganisms to enhance the composting process. However, the water content of raw wastes is too high to supply 
oxygen to the microorganisms. Moisture control of the raw wastes at around 65% by the addition of dry materials such as sawdust, rice hull and dried compost or by pre-drying in greenhouses is necessary to 
achieve suitable composting. The active degradation of organic matter by the microorganisms under controlled conditions leads to heat generation during composting. The high temperature (higher than 60) 
contributes to the killing of weed seeds and pathogenic organisms, to the evaporation of water and production of sanitary compost for convenience in handling. With occasional turning of the compost pile, 
the complete composting process requires a few months. 

2) Facilities of composting 

Various types of composting facilities are available in Japanese farms and compost centers jointly used by several farms2). Facilities can be classified into 5 types; the pile type, the box type, the rotary kiln 
type, the enclosed vertical type and the open elongated type with turning device (Fig. 5) . For cattle wastes, the pile type and the open elongated type are generally used. For swine and poultry wastes, the open 
elongated type and the enclosed vertical type are popular 
Fig.5. Composting facilites for animal wastes(27 KB) 


3) Quality of compost 

Chemical nutrients in composts vary with the type of animals producing manure and the type of additional materials used4). Many methods have been proposed to estimate the degree of maturity of composts 
from animal wastes6). Only a few methods, however, are easy to use and reliable. Recommended quality index of animal waste composts was temporarily presented as shown in Table 4 in 1993. 

Table.4 Recommended quality index of animal waste compost 


A. Items to be indicated 




Standard 


Organic matter 
Carbon-nitrogen ratio 
Total N 

p 2 o 5 

k 2 o 


More than 60% DW 
less than 30% 
more thanl% DW 
more thanl% DW 
more thanl% DW 


1) As, Cd and Hg contents should be less than 50, 5 and 2 mg/kg DW, respectively. 

2) Abnormal growth should not be observed for the Komatsuna (Brassica rapa) seedling test. 

3) Cu and Zn contents should be less than 600 and 1,800 mg/kg DW, respectively. 

4) DW: Dry weight, FW weight. 


B. Items not to be indicated 




Moisture 

Electric conductivity 


Standard 


less than 70% FW 
less than 5 mS/cm 
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Energy production 

Animal feces contain a large amount of organic matter (around 80% of dry matter) and have a high value as energy source. Five methods of energy recovery from animal wastes3), such as combustion, 
pyrolysis gas, oil conversion, heat recovery from compost and biogas can be applied. 

1) Heat of combustion 

Dried wastes have a fuel value of about 3,000 kcal/kg. For example, broiler litter taken out from a farm has been dried to a moisture content of about 30%. Since broiler farms need energy for floor heating 
with hot water, it is effective to recycle this dried litter as fuel for a broiler litter boiler and use it for heating purposes. This method enables to save 70 to 80% of the conventional energy consumptions). The 
residual ash can be used as inorganic fertilizer rich in phosphorus and calcium. 


2) Biogas 

Biogas can be produced from animal waste slurry by the action of microorganisms in a methane fermenterl). To achieve efficient methane fermentation, it is necessary to provide favorable conditions to these 
microorganisms in the fermenter. These conditions include anaerobic conditions, mesophilic temperature (about 35), neutral pFI (6 to 8), appropriate organic matter loading (about 3 kg of organic matter/m 3 
ud) and proper retention time (10 to 20 days). For example, 150 to 250 L of biogas tire produced from one head of pig per day, and the capacity of a fermenter required for a pig is about 150 L3). The biogas 
produced contains 60% of methane and 40% of carbon dioxide, and has a fuel value of about 5,500 kcal/m3. It can be used not only as domestic fuel but also for many other purposes, such as agriculture and 
power generation. 

Waste water treatment 

Fig.6. Time chart of conventional , limited aeration and intermittent aeration methods(22 KB) 

Activated sludge process is one of the typical treatments of animal waste water to secure strict regulations of the effluent5). The process consists of a 4-stage cycle, namely sedimentation, discharge, charge 
and aeration. Fig. 6 shows the time chart of conventional, limited and intermittent aeration methods. The shortcoming of the conventional activated sludge process is the low capacity to remove nitrogen and 
phosphorus. In the limited aeration method, aeration stops just after charge for several hoursS). Although most of the nitrogen remains as nitrate nitrogen in the conventional aeration method, most of nitrate 
nitrogen is removed under anaerobic conditions in the limited aeration method. 


The intermittent aeration method!)) is considered to be more effective to remove nitrogen, because in the intermittent method the limited process is repeated several times a day. Fig. 7 shows the changes in 
pH, DO (dissolved oxygen) and TOC (total organic carbon) values by the intermittent aeration process. Intermittent increase and decrease of DO values were observed. Nitrification and denitrification 
occurred intermittently and the efficiency of nitrogen removal increased (Fig. 8) . Phosphorus was also removed and accumulated in the microorganism body. In conclusion, limited and intermittent aeration 
methods were found to be effective in removing not only nitrogen but also phosphorus. These methods could be performed with minimal improvement of conventional facilities and may enable to achieve the 
objective at a low cost and with a high efficiency. 

Fig.7. Changes in pH, DO (dissolved oxygen) and TOC (total organic carbon) values by the intermittent aeration process(13 KB) 

Fig.8. Changes in nitrogen forms during intermittent aeration process(llKB) 


Conclusion 

Agricultural use of animal wastes as compost is presently mainly recommended in Japan. Total amounts of nitrogen (N), phosphorus (P 2 05) and potassium (K20) contained in animal wastes are estimated to 
be 680,000, 450,000 and 550,000 t per year, respectively. These amounts of nutrients are nearly equal to those of chemical fertilizers applied to arable land in Japan. Environmentally friendly use of both 
animal wastes and chemical fertilizer is recommended. It is difficult to use slurry (liquid wastes) in Japan, except for a part of Hokkaido. Insufficient treatment and/or illegal dumping of excess animal wastes 
cause serious pollution problems. Then, recycling of animal wastes without any environmental pollution will be closely related to the development of sustainable agriculture with organic fertilizer in Japan. 
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Fig.5 

Composting facilities for animal wastes 7 ) 


Pile type 
Compost turned 
by shovel loader. 

Bos type 

Compos I turned 
by shovel loader. 
Forced aeration. 


Rotary kJIn type 
Compost turned 
and mixed 
in totaling kiln. 
Forced aeration. 


Enclosed vertical type 

Compost stirred 
by moving paddle. 
Forced oe ml ion. 


Open type 

Compost turned 
by conveyor belt 
nr hy rotary device. 
Forced aeration. 
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Fig.6 

Time chart of conventional, limited aeration and 
intermittent aeration methods 
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Fig.7 

Changes in pH, DO and TOC values during 
intermittent aeration process 9 ) 



DO : Dissolved oxygen, 
TOC: Total organic carbon. 
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Fig.8 

Changes in nitrogen forms during intermittent aeration process 9 ) 
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Abstract 

In this study, we attempted to combine a biological treatment process which used Bi-Act SCBA system (SCBA) and chemical treatment process to remove 
chemical impurities such as COD, BODg an( j nutrients as well as colored substances from the molasses waste water (MWW). In the pilot plant experiment, SCBA 
unit A (SCBA-A) was used for the pre-aeration and uniformity of the MWW before biological treatment. The sludge volume (SV30) was about 50 ml/1 in the 
aeration unit of the SCBA-A. The COD and colored substances could not be removed in this step. However, in both SCBA-B and SCBA-C, SV30 increased up to 
350-400 ml/1. At the same time, approximately 44.0% and 22.9% of COD of the effluents from SCBA-B and SCBA-C were removed, respectively. On the other 
hand, the removal of colored substances in SCBA-B and SCBA-C (about 25.0 and 13.3%) was not appreciable. However, the colored substances in the MWW 
passing through SCBA-B and SCBA-C could be easily precipitated by chemical agents compared with the original MWW. About 93% of the colored substances of 
the effluent from SCBA-C could be removed in the chemical precipitation step, while the colored substances in the original MWW could not be precipitated. 


Discipline: Food 

Additional key words: melanoidin, molasses waste water, Bi-Act SCBA, chemical precipitation 
l ~ 3 'h; Click here for References 

Introduction 

Many by-products such as molasses, bagasses and fiber cake are produced from cane sugar factories. Among them, molasses is the most important product 4 ’ 10 ) because 
molasses has a high commercial value due to its use as a carbon source for fermentation industries, biofertilizer and feed for domestic animals5). However, the use of 
molasses as a raw material for fermentation industries is associated with the presence of a large amount of colored substances which remain in the fermentation residue 
after recovery of the products. The main colored substance, melanoidin, can hardly be decomposed by usual biological treatment processesl,ll) and accounts for the 
high COD value, which is a major problem for pollution control5). 

In Thailand, all the alcohol-producing factories use molasses as raw materials and discharge molasses waste water (MWW) accounting for about 10 times the amount 
of alcohol produced. Several processes7-9) were used for treating the MWW. The use of MWW as feed for aquatic organisms is not suitable economically due to the 
small volume used. For biofertilizer use, the quality is not as high as that of other biofertilizers or chemical fertilizers (it may be similar to that of soil conditioners). 
Several alcohol factories have attempted to treat MWW by anaerobic methods such as methane fermentation, anaerobic pond or facultative anaerobic pond, followed 
by aerobic treatment such as activated sludge, aerated lagoon or oxidation pond3,6). However in these treatment processes, the colored substances of MWW still 
remained and the COD content in the treated waste water was higher than the standard value authorized by the Ministry of Industry, Thailand. Presently, treatment 
processes such as chemical precipitation, chemical adsorption or carbon adsorption are used for the removal of the colored substances. However, color removal by the 
above processes still has disadvantages due to the high operation cost, high consumption of chemicals, fluctuation of the color removal efficiency and the high volume 
of solid waste produced. 

Against this background, we applied biological and chemical processes to MWW from the anaerobic pond of the alcohol factory to remove colored substances, COD 
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Removal of Colored Substances from Molasses Waste Water by Biological Treatment Systems Combined with Chemical Treatment 

and BOD 5 w j t j 1 high efficiency and at a low cost. The experiments on the biological process were carried out on a pilot plant scale, using the Bi-Act SCBA systeml2) 
which is characterized by low energy consumption and high efficiencies for aeration and mixing in the aeration tank. In this paper, we report the results of the 
experiments. 

Materials and methods 


Bi-Act SCBA unit* Three units of Bi-Act SCBA (SCBA) 12 -* su PP'' c d Uni San Pol. Co. Ltd. were used in these experiments. The scheme of the processes shown in 
Fig. 1 was as follows: 1 unit of 10 m3 storage tank, 2 units of 10 m3 SCBA (unit A and unit B), 1 unit of 4 m3 SCBA (unit C) and 2-tanks for 1 m3 of nutrient supply. 

This pilot plant was installed in the waste water treatment plant of Sang Som Distillery Co. Ltd., Nakhon Pathom Province, Thailand. 

Fig.l.Scheme of the pilot plant of Bi-Act SCBA system(22 KB) 


MWW: The MWW used in this experiment was collected from the anaerobic pond of Sang Som Distillery Co. Ltd. 

Supply of nutrients: Cassava flour was supplied as a nutrient for increasing the BOD5 content in the MWW. Twenty kg of cassava flour was fermented for 1 week in 
the SI tank as shown in Fig. 1. The supernatant from SI tank was transferred to S2 tank before being fed to the SCBA system. 

Start-up procedure and operation of the pilot plant unit: The concentrated sludge suspension (MLVSS=10,000 mg/1) from the central waste water treatment plant 
of BANG-PA-IN Industrial Estate, Ayuthaya, Thailand, was used as the inoculum for starting this pilot plant. The start-up procedure was performed as follows: First, 4, 
4 and 2 m3 of concentrated sludge suspensions were put in SCBA-A, SCBA-B and SCBA-C (aeration tank), respectively. Second, water (softened water) was added in 
all 3 units up to the optimum level and the system was operated without influent feeding overnight. Thereafter, the MWW from the storage tank was fed into the SCBA 
system at the flow rate of 2 m3 /day. At the same time, the nutrients from tank S2 were fed into SCBA-B at the flow rate of 2 m3/day. The system reached the steady 
state after 2 weeks' operation. The flow rate of the influent from the storage tank slowly increased up to 4 m3/day within 1 week. Also the flow rate of water 
(underground water or river water) used instead of the nutrient solution increased up to 4 m3/day within 1 week. The MLSS, SV^ Q ^ S y S t em were 
monitored until the system became steady. The effluent from the clarifier of each SCBA unit was taken for the analysis of BOD5, COD, SS, TKN, TP, pH and color 
intensity. Also the mixed liquid from the aeration section of each SCBA unit was collected for measuring the pH and SV30 during the period February-December 1996. 

Color removal by chemical precipitation: The effluent from the clarifier of SCBA-C was collected and used for the determination of optimum concentrations of 
chemical agents to remove the colored substances. The chemical agents used for precipitation of the colored substances were FeCl3, A12 (S04)3 and sodium hydroxide. 
The effluents from each SCBA unit were used to determine the optimum color removal efficiency. All the experiments were performed on a laboratory scale. A certain 
amount of FeCl3 (range of 1 to 8 g) or Al2 (S04)3 (range of 4 to 32 g) was added into 1,000 ml of the effluent from SCBA-C. Thereafter, the mixtures were adjusted to 
pH 7 by the addition of sodium hydroxide solution. The supernatants were collected for the determination of the color intensity, pH and COD. 

Assay of chemical composition of the waste water: The BOD5, COD, TKN, TP and SV30 were determined by a standard method of analysis 2 ^' 


Estimation of color intensity of the waste water and removal yield: The sample was diluted with 0.1 M acetate buffer solution (pH 6.0) after centrifugation at 
6,000xg for 15 min and the color intensity of the diluted solution was measured at 475 nm with a spectrophotometer (LKB, model Biochrom Ultra-space 2, England). 
The percentage of color removal was expressed as the color intensity of the waste water treated against that of original waste water. The removal yield was expressed as 
the degree of decrease in the absorbance at 475 nm against the initial absorbance at the same wavelength. 
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Results 

Chemical properties of the MWW: The MWW collected from the anaerobic pond of the waste water 
treatment plant of Sang Som Distillery Co. Ltd. for this experiment still contained a high level of 
chemicals and showed a high color intensity as indicated in Table 1 . Chemical properties such as COD, 
BOD 5 contents of total solids and total volatile solids were 33,643, 3,500, 42,250 and 23,180 mg/1, 
respectively. The color intensity was about 33-35 (optical density at 475 nm). 

Table. 1.Chemical properties of MWW from anaerobic pond of Sang Som Distillery Co. Ltd., 

Thailand(26 KB) 

Start-up of the SCBA system: By using the concentrated sludge solution from the central waste water 
treatment plant of BANG-PA-IN Industrial Estate, the microorganisms in both SCBA-B and SCBA-C 
could easily grow. The SV30 in the aeration tanks of SCBA-B and SCBA-C reached values of 300 and 
350 ml/1, respectively within 2-3 weeks, while the level of SV30 was low (( 50 ml/1) in the aeration tank 
of SCBA-A. The SV30 in the aeration tank of both SCBA-B and SCBA-C remained at the levels of 300 
and 350 ml/1 during the treatment as shown in Fig. 2 . 

Fig.2. SV30 profiles in the aeration tank of each SCBA unit in the start-up of the system(16 KB) 

Continuous treatment by SCBA system: At 3 weeks after the start-up step, the system reached a steady 

. . , r a 3/day and diluted water was fed into the SCBA-B at the rate of 4 

state with an influent flow rate of 4 m J 

m3/day. The removal percentage of the impurities of the waste water (COD, BOD 5 an( j -pKN) was 
high in effluents from SCBA-B and SCBA-C as shown in Table 2 , while in the SCBA-A system, the 
impurities could not be removed effectively. The COD content in the effluent from both SCBA-B and 
SCBA-C decreased to 44.0 and 22.9%, respectively. Other impurities such as SS, TKN and total 
phosphate were also removed. For color removal, in SCBA-A the level was only 4.0%, while in the 
SCBA-B and SCBA-C systems, the removal of the colored substances reached values of 25.0 and 13.3%, 
respectively, as shown in Table 2 . The system could be operated smoothly with a constant COD 
concentration of the effluents from each SCBA unit up to 36 days, as shown in Fig. 3 . 

Table.2.Cheical properties of influent and effluent of each SCBA unit(49KB) 

Fig.3. COD profiles of the influents and effluents of each SCBA unit during the continuous 

operation (20KB ) 

Color removal by chemicals: The effluent from the clarifier of SCBA-C was used as the color solution 
in the chemical precipitation step. Various concentrations of FeCl3 in the range of 0-12% were added to 
the effluent and the mixed solution was adjusted to pH 7.0. The results are shown in Fig. 4 . Addition of 
FeCl3 at a concentration of 6% in the solution resulted in the highest color removal efficiency. Various 
concentrations of Al2(S04)3 solution in the range of 8-30% were also added to the effluent and the 
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mixed solution was adjusted to pH 7.0. The results are shown in Fig. 5 . Addition of Al2(S04)3 at a 
concentration of 20% in the solution was adequate for color removal. 

On the other hand, 3 effluents from SCBA-A, SCBA-B and SCBA-C were tested for the removal of 
color by the addition of FeCl3 (6%) or Al2(S04)3 (20%). After adjustment of the pH to 7.0, the colored 
substances in the effluents from SCBA-B and SCBA-C were easily removed at the rates of about 28 and 
93%, respectively, while those from SCBA-A could not be removed as shown in Table 3 . The removal 
rate by the addition of FeCl3 and Al2(S04)3 was almost the same. 

FigA.Remocal of colored substances from the effluent of SCBA system by the addition of carious 

concentrations of FeCl3 solutions(ll KB) 

Fig.5. Removal of colored substances from the effluent of SCB A system by the addition of various 

concentrations of S12(SQ4)3 solutions(9 KB) 

Table.3. Comparison of percentage of color removal by chemical precipitation in various kinds of 

effluents(26 KB) 

Discussion 

We carried out experiments to remove chemicals such as COD, BOD5, TKN, total phosphorus and 
colored substances by using the SCB A system combined with the chemical treatment process. The 
SCBA system, which is a kind of activated sludge system, consisted of a new compact unit for biological 
treatment used in both domestic and industrial waste water treatment plants in Thailand. The rotary drum 
in the aeration tank of the system was specially designed, and the mixed liquid in the aeration tank was 
fully supplied with air and completely mixed. 

Actually, each unit of SCBA displayed several characteristics. The chemical properties of the effluent 
from SCBA-A were not different from those of the influent. Sludge (MLSS) generation in the aeration 

9) The 

tank was minimal and there was a high concentration of toxic substances in the waste water ’’ 

effluent from SCBA-A was diluted with water and transferred to SCBA-B. In SCBA-B, the BOD c , 

5 and 

COD were removed easily as shown in Table 2 . The sludge concentration in the aeration tank (SV30) 

3 6) In SCBA-C 

increased up to 400-500 mg/1, reflecting normal conditions of activated sludge process ’ ' 

the results were the same as in SCBA-B. By the SCBA system, the colored substances in the influents of 

SCBA-B and SCBA-C could be removed at percentages of 25.0 and 13.3%, respectively. 

For color removal by the chemical treatment process, the effluent from SCBA-A was hardly precipitated 

by FeCl^ an( j Al2(S04)3 even when a high concentration of chemicals was used. However, the color of 
effluents from both SCBA-B and SCBA-C could be easily removed and the percentages of color removal 
were 28 and 93%, respectively, as shown in Table 3 . 

Based on the results obtained, the SCBA system was found to be suitable for the treatment of MWW as 

,, ,.. x _, , . 3,6,8). Furthermore, the SCBA system enabled to 

well as the hitherto known activated sludge system ’ ’ : 

remove colored substances in comparison with the activated sludge system. Namely, the colored 

substances could be removed at a percentage of about 10% by this system directly and about 90% of the 
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colored substances remaining in the effluent from the system were easily precipitated by treatment with 

6% FeCl 3 Qr 20% Al2(S04)3. The reason for easy precipitation could not be determined. It is suggested 
that the colored substances may have changed or that their structure may have been modified during the 
passage through the SCBA system. 


■ ^Forward to: -Postmortem Changes in Skeletal Muscle Connectin and Its Structure- 
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Table. 1 

Chemical properties of MWW from anaerobic 
pond of Sang Som Distillery Co. Ltd., Thailand 


Properties 

Value 

pH 

7.91 

COD 

33,643 

BOD* 

3,500 

Alkalinity as CaCOj 

11,100 

Total, solids 

42,250 

Suspended solids 

3.S7S 

Settled solids 

- 

YFA 

814 

Phosphate 

0.0289 

Sul Ole 

2M6 

TKK 

1,280 

Potassium 

7 h S75 

Calcium 

2.773 

Sodium 

113 

Total volatile solids {TVS) 

23,180 

Color intensity (optical 

33-35 

density al 475 nm] 


a): Average value during the period 
April-December 1996. 
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Fig.2 

SV 30 profiles on the aeration tank of each SCBA 
in the start-up of the system 



Fig, 2- SVjj profiles in [he acrfllicm tank of each SCBA 
unil in the Murl-up of [he system 

■ : SCBA vV A : SCBA-B, •: SCBA-C 
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Table.2 

Chemical properties of influent and effluent of each SCBA unit 


■ 1 

Frop<njei <] 


Influent 



Effluent 



Removal 



A 

B 

C 

A 

B 

C 

A 

B 

C 

pH 

8.20 

8.50 

8.50 

8,64 

8,50 

850 

- 

- 

- 


- 

- 

- 

50- 100 

300 

350 

- 

- 

- 

Coiw intensity 
at 47J nm 

33.5 

10,0 

7,5 

32, J 5 

7.5 

6,5 

4.0 

25.0 

13.3 

COD (mg/Jj 

33,643 

10.000- 

15,000 

6,000 - 
8,000 

32,868 

6,000- 

8,000 

5,000- 

5.800 

2,3 

44.0 

22.9 

BOD; (mg/I) 

3,500 

1,900 

20O 

2,500 

200 

70 

28.6 

88.9 

65.0 

SS (mg/l) 

3,500 

1.300 

450 

3,500 

450 

200 

- 

63.4 

55.6 

TKN (mg/I) 

1,280 

TOO 

300 

1,250 

300 

200 

2.3 

57.1 

33,3 

Total phosphate 

0,29 

0.08 

0.02 

0,17 

0,0(2 

0.02 

41.4 

75,0 

- 

1 a): Average value during die April-December 1995 experiment. 

[ b): SV|& of liquid In the aeration tank of SCBA unit. 
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Fig.3 

COD profiles of the influents and effluents 
of each SCBA unit during the continuous operation 
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Fig.4 

Removal of colored substances from the effluent 
of SCBA system by the addition of various 
concentrations of FeCl 3 solutions 



The FeCl 3 solution was added to 500 ml of effluent from 
the clarifier of SCBA-C and final concentrations of FeCl 3 
in the mixture were 1,2,3,4,5,6,7 and 8%. 

Thereafter, the mixtures were adjusted to pH 7.0. 
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Fig.5 

Removal of colored substances from the effluent of 
SCBA system by the addition of various 
concentrations of A1 2 (S0 4 ) 3 solutions 



The A1 2 (S0 4 ) 3 solution was added to 
500 ml of effluent from the clarifier of 


SCBA-C and final concentrations of aluminum 
in the mixture were 8,12,16,20.24,28 and 32%. 
Thereafter, the mixtures were adjusted to pH 7.0. 
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Table.3 




Comparison of percentage of color removal by chemical precipitation 
in various kinds of effluents 


Color intensity at 475 nm 

■ memicai treatment 

process 

Effluent from 

Effluent from 

Effluent from 

SCBA-A 

SCBA-B 

SCBA-C 

1 Before treatment 

33.0 

10.0 , » 

7.2 

1 After treatment 

33.0 

7.2 

0.2 

| Removal (%) 

0 

28 

93 


a): The effluent from SCBA-A (color intensity of 33.0 at 475 nm) was diluted with water 
(final color intensity of 10.0 at 475 nm) before being sent to the SCBA-B as influent. 
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Postmortem Changes in Skeletal Muscle Connectin (titin) and Its Structure 

Postmortem Changes in Skeletal Muscle Connectin (titin) and Its Structure 

Ryoichi TANABE 

Department of Animal Products, National Institute of Animal Industry (Tsukuba, Ibaraki, 305-0901 Japan) 


Abstract 

The splitting of the connectin (titin) molecule during meat conditioning and its primary structure were analyzed. Using immunofluorescence microscopy 
and immunoelectron microscopy, it was showed that the connectin molecule split into- (3 connectin and a 1,200 kDa-subfragment at a point 0.34 A^m apart 
from the Z-disc during meat conditioning. Differences in molecular weight and partial amino acid sequences of connectin were determined for cattle, pig 
and chicken skeletal muscles. Results of peptide mapping analysis differed according to animal species. Amino acid sequences deduced from partial 
nucleotide sequences of connectin also differed according to animal species at immunoglobulin-like (Ig) and fibronectin type 3(FN3) domains. In chicken, 
the molecular weight of connectin from leg muscles differed from the value recorded in pectoral muscles. It is suggested that meat texture and conditioning 
may be related to the splitting of the connectin molecule and its structure. 


Discipline: An imal industry 

Additional key words: splitting of connectin, localization of 1,200 kDa-subfragment, primary structure, meat conditioning, meat texture 
l ~ 3< b; Click here for References 

Introduction 

Connectin is an elastic protein of striated muscle initially reported by Maruyama et al. 16 )> ar| d also called titin30). The apparent molecular mass of connectin is 

3,000 kDal4,28). Each connectin molecule extends as along ( , ~ u , ,. . ., ,,,. , . , .. 

° v ~1.2^ m) filament from the Z disc to the M lme in a sarcomere and comprises an elastic segment 

at the level of the I band and an inelastic segment at the level of the A band. Connectin filaments keep the thick filaments centered within the sarcomere during 
force generation^' 

During meat conditioning, the connectin molecule splits into 2 polypeptides. The molecular mass of one peptide is 1,200 kDa (1,200 kDa-subfragment); the 
other peptide is called /3 -connectin. This splitting occurred nonenzymatically when myofibrils were treated with a solution containing 0.1 mM CaCl 2 

H g | eU p e p t j n / m |22). This splitting is very important for meat texture, because it reduces the elasticity of meat during conditioning23). Connectin filaments 

split more rapidly in more tender meatl,8). However, Fritz et al.3) concluded that the connectin content did not enable to distinguish "tough" from "tender" beef. 
The time required for conditioning varies according to animal species. Within meat conditioned quickly, splitting is also rapidl,8,18). Differences in molecular 
structures of connectin may thus be a determinant of meat texture. 

Labeit and Kolmererl2) determined the complete cDNA sequence of human cardiac connectin and showed that its structure consisted primarily of 2 main types 
of repeating domains (an immunoglobulin-like (Ig), a fibronectin type 3 (FN3)) and a PEVK domain. They suggested that the PEVK domain primarily 
accounted for the elasticity of the connectin molecule. They indicated that after the extensibility of the PEVK domain had been exhausted, the stable fold of the 
Ig domains would resist further extension. These domains may thus determine the meat texture. The molecular structures of connectin in humans, rabbit and 
experimental animals have been studied extensively4,9,10,12,15,17,21). However, there are few reports on the molecular structure of connectin in domestic 
animals. 
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Postmortem Changes in Skeletal Muscle Connectin (titin) and Its Structure 


In this report, it was revealed that the splitting of the connectin molecule occurs at a point 0.34 /z m apart from the Z-disc during meat conditioning25,26). The 
differences in the molecular weight of connectin and amino acid sequences of Ig, FN3 and PEVK domains in cattle, pig, chicken and muscle types were 
described24). 

Materials and methods 


1) Preparation and Ca treatment of myofibrils 

Myofibrils were prepared according to the method of Perry and Greyl9) from cattle, pig and chicken. To induce the splitting of connectin into a 1,200 
kDa-subfragment and 0 -connectin in vitro, freshly prepared myofibrils were treated with 0.1 mM CaCl 2 a§ described by Takahashi et al 22). 


2 ) Electrophoresis 

Myofibrillar proteins were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) according to the method of Tatsumi and 
Hattori27). 


3) Preparation of antiserum and immunohistochemical observation 

Antiserum against the 1,200-kDa subfragment of the connectin molecule was prepared as previously described26). Indirect immunofluorescence microscopy 
and immunoelectron microscopy observation using that antiserum was carried out as previously described26). 


4) Peptide mapping 

Connectin was digested by V8 protease as described previously24). The peptides produced by V8 protease digestion were separated by SDS-PAGE. 


5) PCR amplification and sequencing of segments from the connectin gene 

Sequences of the oligonucleotide primers were based on the sequences of pig connectin reported by Fritz et al.4). The connectin molecule has Ig and FN3 
domains. The sense primer for amplification of the Ig domain was 5'-CAGGTGGCTCCTTAAGGTTATTTGTTCC-3' and the antisense primer for the Ig 
domain was 5'-CAAAGGCAGACTTTGTTCCACTGCTGTT-3'. The sense primer for amplification of the FN3 domain was 

5'-CCAGGACCTCCAAACAATCCCAAAGT-3' and the antisense primer was 5'-AGCACAGATACGGAAGTTGTATTCATG-3'. The positions of these 
primers on the sequence determined by Fritz et al.4) were 509-536, 691-718, 154-179 and 361-387, respectively. Genomic DNA was extracted from cattle, pig 
and chicken. PCR amplification was conducted according to the method of Chikuni et al.2). Both strands of amplified DNA were sequenced. From the 
nucleotide sequence, the amino acid sequence was deduced. 


lb 
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Results and discussion 

Fig. 1-A shows the postmortem changes of myofibrillar proteins in chicken M. tensor fasciae latae stored 
at 4(25 KB). With increasing postmortem time, the band of connectin became weaker, while the band of 
fi -connectin became stronger. Furthermore, the 1,200 kDa-subfragment appeared during storage. The 
densitometric analysis suggested that these changes continued until about 4 days postmortem, and 
P -connectin and the 1,200 kDa peptide were produced stoichiometrically from the entire connectin 
molecule (data not shown). The same changes were observed in chicken M. semimembranosus and M. 
adductor 25 )- These data suggest that the connectin molecule is degraded to-connectin and the 1,200 
kDa-subfragment until about 4 days postmortem in chicken leg muscles. Fig. 1-B shows the changes of 
myofibrillar proteins of chicken leg muscles during the Ca treatment. Basically, the changes of connectin 
during the Ca treatment were the same as those occurring in stored muscles. However, the band of the 
1,200 kDa-subfragment was stronger and sharper than in the stored muscles. It was confirmed 
immunologically that the 1,200 kDa-subfragment was derived from the connectin molecule and not 
from- (3 connectin by immunoblot analysis using the antiserum against the 1,200 kDa-subfragment26). 
Takahashi et al.22) demonstrated that connectin is not degraded in a Ca treatment solution containing 5 
mM EDTA. Therefore, they concluded that these changes are nonenzymatically induced reactions caused 
by 0.1 mM Ca ion. 

Fig. 1-A. Postmortem changes of connectin in chicken M. tensor fasciae latae stored at 4 

Fig. 1-B. Changes o f connectin during Ca treatment o f chicken leg myofibrils(25KB) 

Localization of the 1,200 kDa-subfragment in a sarcomere was revealed by indirect immunofluorescence 
microscopy (Fig. 2-A) . When myofibrils were treated with antiserum against the 1,200 kDa-subfragment, 
Z-disks were strongly fluorescent, the regions of both sides of the Z-disks were fairly fluorescent, and the 
A-band was absent. Immunoelectron microscopy revealed a heavy deposition of antibodies on the Z-disk 
and the formation of a stripe in each I-band, which was about 0.34 ii m apart from the Z-disk for a 
sarcomere length of 2.6 f± m (Fig. 2-B) . The other deposits were scattered and not common to both 
I-bands. These results indicate that the 1,200-kDa subfragment is a portion of connectin filaments that 
may become attached to the Z-disk. A single connectin molecule forms an elastic filament connecting a 
thick filament with a Z-disk, extending its distal end nearly to the M-line. The distance between the 
Z-disk and the stripe in the I-band, 0.34 fi m, was in good agreement with the difference between the 
length of a connectin molecule (approximately 1.30 fi m, which is half the length of the sarcomeres we 
observed) and (3 -connectin (approximately 0.90 fl m). Therefore, we estimated that the length of the 
1,200 kDa-subfragment was about 0.34 ji m for a sarcomere length of 2.6 fi m. 

Fig. 2-A. Immunofluorescence staining of myofibrils with antiserum against the 1,200 

kDa-subfragment 

Fig. 2-B. Immunoelectron micrographs showing the localization of the 1,200 kDa-subfragment (32 

KB) 
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These results indicate that the splitting of connectin filaments occurs at a point 0.34 // m apart from the 
Z-disc in a sarcomere during meat conditioning. Fig. 3 gives a schematic diagram of that splitting. 

Fig. 3. Splitting of connectin molecule in a sarcomere during meat conditioning(14 KB) 

Locker and Wildl3) reported that the molecular weight of connectin was essentially the same in 
vertebrate skeletal muscle. However, Hu et al.7) observed differences in the molecular weight depending 
on animal species and muscle types after analyzing many sources of vertebrate striated connectin and 
non-vertebrate connectin-like protein. Tatsumi and Hattori27) noted that the molecular weight differed 
between chicken leg, rabbit leg and rabbit back muscles using the same SDS-PAGE conditions as those 
applied in this study. Molecular weight was found to differ according to the muscle type in chicken (Fig. 
4). The molecular weights in M. pectoralis profundus and M. pectoralis superficialis were lower than in 
M. semitendinosus, M. semimembranosus, M. sartorius or M. biceps femoris (Fig. 4, lane 1-6) . The 
sample, which consisted of a mixture of 2 types of pectoral muscles, produced a single band of connectin 
(Fig. 4, lane 7) . On the other hand, the sample which consisted of a mixture of a pectoral muscle and leg 
muscles produced 2 bands of connectin (Fig. 2, lane 8) . Thus, it was confirmed that the molecular 
weight of connectin differed according to the muscle types in chicken. Many muscle proteins are present 
in different isoforms20). Connectin in rabbit fast muscles showed a higher mobility on SDS-PAGE than 
connectin in slow muscles and this difference was correlated with the resting tension of muscle 
fibers5,29). Differences in the molecular weight of connectin in chicken depending on skeletal muscles 
would thus appear to be derived from physiological differences between fast and slow muscles. 

Fig. 4. SDS-PAGE analysis of connectin from various muscle types in chicken (14 KB) 

By peptide mapping analysis using V8 protease, SDS-PAGE patterns of cattle, pig and chicken were 
clarified. They indicated that the primary structure of the entire connectin molecule differed according to 
animal species (Fig. 5) . V8 protease specifically cleaved peptide bonds on the carboxyl side of aspartic 
and glutamic acid residues. Due to the large molecular mass and the existence of repeating domains in a 
connectin molecule, V8 protease digestion produced many bands with varying intensities. The patterns of 
peptide mapping were reproducible. Arrowheads indicate typical bands, which differed from those in 
other animal species (a, b: cattle; c: pig; d: chicken). Although the 'b' and 'c' bands were close in mobility, 
the 'c' band was distinctly lower than the 'b' band. 

Fig. 5. Digestion patterns of connectin in M. semimembranosus by S. aureus V8 protease (17 KB) 

To reveal differences in the primary structure of connectin according to animal species more clearly, 
partial nucleotide sequences encoding connectin were determined. The connectin molecule contains the 
Ig and FN3 domains 10,12). Most of the connectin molecule consists of repeats of these domains in 
succession. Partial nucleotide sequences encoding single Ig and FN3 domains of pig, cattle and chicken 
muscle connectin were determined, on the basis of which, the amino acid sequences were identified (Fig. 
6). Amino acid sequences of pig domains were the same as those indicated by Fritz et al.4). The amino 
acid sequences of the Ig domain in cattle and chicken differed from those of the pig at 1 and 6 points, 
respectively. Amino acid sequence of the FN3 domain in cattle was different from that of the pig at 2 
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points. The Ig and FN3 domains of connectin were thus found to display amino acid sequences that 
differed according to animal species. These results indicate that the primary structure of connectin is 
completely different in cattle, pig and chicken. 

Fig. 6. Comparison of the corresponding amino acid sequences of connectin Identity of amino acids is 

indicated by a single dot. (23 KB) 


Labeit and Kolmererl2) determined the complete cDNA sequence of human cardiac muscle connectin. 
The partial sequences of skeletal muscle connectin of several animal species such as humans, rabbit and 
chicken have been elucidated 11,12,15). It was suggested that tissue-specific connectin was expressed by 
alternative splicing. Those studies showed that the primary structure of connectin differed according to 
animal species and muscle types. These findings were confirmed by our data for cattle, pig and chicken. 

Connectin is an elastic filament whose splitting results in changes in the meat texture during 
conditioning23). The primary structure of connectin was different in cattle, pig and chicken. And the Ig 
and FN3 domains have been shown to interact with F-actin and myosin9,ll). The connectin molecule is 
anchored to the Z-disc by the binding of the 1,200 kDa-subfragment to oc -actinin, which is the major 
protein constituent of the Z-disc25). Although the sequence changes were mostly conservative (T for S; D 
for E; Y for F), the interactions between connectin and myofibrillar proteins such as actin, myosin and 
CK-actinin may not be equally strong in different animal species. In many studies, conditioning changes 
in meat are considered to result from endogenous protease concentration or levels of activation. 

However, conditioning of meat may be related to the stmcture of myofibrillar proteins such as connectin. 


In this paper, it was revealed that the connectin molecule split at a point 0.34 // m apart from the Z-disc 
during the conditioning of meat, and that this site corresponded to the N2-line of a sarcomere. The region 
of connectin molecules, which is situated near the N2-line, is called the PEVK region and is comprised 
predominantly of 4 amino acid residues. The sequence of this region differs from those of the Ig and FN3 
domains 12). The PEVK region may also account for the capacity of connectin filament extension^), and 
thus may also be a factor of meat texture and rate of conditioning. Primers for the amplification of the 
PEVK region of the connectin gene were synthesized, based on sequences that would not include introns 
and would be conserved in human skeletal and cardiac muscle connectin. These primers, however, failed 
to amplify the sequence of the PEVK region in cattle, pig and chicken (data not shown). The primary 
structure of the PEVK region thus appears to differ in those species. It was suggested that the PEVK 
domain primarily accounted for the elasticity of the connectin molecule3). Therefore, meat texture may 
be related to differences in the PEVK domain of connectin. 
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Fig. 


1-A: Postmortem changes of connectin in chicken M. tensor 
fasciae latae stored at 4°C 

1-B: Change of connectin Ca treatment of chicken 
leg myofibrils 
C: connectin, 2 : 2 -connectin, 

1,200 kDa: 1,200 kDa-subfragment, MHC: myosin heavy chain. 
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Fig.2 


-A. Immunofluorescence staining of myofibrils with antiserum against the 1,200 kDa-subfragment 
Upper panel: phase-contrast image, lower panel: immunofluorescence image. 

-B. Immunoelectron micrographs showing the localization of the 1,200 kDa-subfragment 

Antibodies were heavily deposited on the Z-disk indicated in brackets, and formed a stripe in each I-band indicated by an arrowhead. 
Upper panel: control, lower panel: treatment with antiserum. Z: Z-disk, M: M-line. Scale bar: Q3 l Am. 
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Fig. 3. 

Splitting of connectin molecule in a sarcomere during meat conditioning 
A: just after slaughtering, B: after conditioning 
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Fig. 4. SDS-PAGE analysis of connectin from various muscle types in chicken 

1: M. pectoralis profundus, 2: M.pectoralis superficialis, 

3: M. semimembranosus, 4: M. semitendinosus, 5: M. sartorius, 

6: M. biceps femoris, 7: mixture of 1 and 2, 8: mixture of 1,3,4,5 and 6. 

C: connectin, 

N: nebulin(700 kDa). 
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Fig. 5 

Digestion patterns of connectin in M. semimembranosus 
by S. aureus V8 protease 


Arrowheads indicate typical bands, which differ from 
those in other animal species. M: marker, 1: cattle, 2: pig, 
3: chicken, 4: protease alone, a, b: typical bands of cattle, 
c: typical band of pig, d: typical band of chicken. 
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Fig. 6 

Comparison of the corresponding amino acid sequences of connectin 
Identity of amino acids is indicated by a single dot. 

A: partial sequence of immunoglobulin-like (Ig) domain, 

B: partial sequence of the fibronectin type3 (FN3) domain. 

The nucleotide sequence data revealed in this report appeared in the 
DDBJ, EMBL and GenBank nucleotide sequence databases with the 
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Abstract 

We investigated the relationships between the serum Y -globulin concentration and the pathological characteristics in 4 types of bovine lymphosarcoma 
including the adult, calf, thymic and skin forms. In 5 cases of the adult form, there were extensive neoplastic proliferations in the lymph nodes and the 

Y -globulin concentration was low. Four cases of the calf form showed systemic lymph node involvement, and the concentration was low in one case and 
much lower in 3 cases. IgM was absent in 3 cases. In the thymic form, one case showed a slightly high concentration with systemic neoplastic lesions in the 
lymph nodes, whereas in the other the concentration was normal and lesions were localized. In a cow with the skin form, the concentration was low in the 
tumor stage but markedly increased in the regressive stage. 


Discipline: An imal health 
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Introduction 

Bovine leukosis has been classified into enzootic and sporadic forms 2 )- The former is almost invariably seen in bovine leukaemia virus (BLV)-infected adult 
cattle, and is referred to as the adult form5). The latter consists of 3 clinicopathological types; the calf, thymic and skin forms 14). These neoplasms are 
malignancies of the lymphoid system2), which is closely related to immunological functions. It is likely that generalized immunological disorders occur in cattle 
with the lymphoid malignancies. Abnormal electrophoretic patterns of serum proteins are recognized in some of the human lymphomas 16). Although serum 
protein concentrations have been determined in some cattle with lymphosarcomal,9,10,15), few studies have dealt with the relations between serum protein 
concentration and pathological characteristics. The purpose of the present study was to analyze the relationships between the serum y -globulin concentration 
and pathological characteristics in 4 types of bovine lymphosarcoma. 

Materials and methods 

1) Animals 

Leukosis in cattle was classified into 4 groups: (1) the adult form including 5 cases, (2) the calf form consisting of 4 cases in which 3 cases older than the age of 
calves were included, due to the presence of characteristic calf form lesions21,24), (3) the thymic form including 2 cases and (4) the skin form in a cowl 1). A 
2-year-old healthy heifer, which was negative for BLV antibodies, was used as a control animal. 

2) Hematological, serological and serum protein analyses 
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Number of peripheral lymphocytes was calculated based on leukocyte counts and the percentage of differential leukocytes in blood smears stained with Giemsa 
solution. The agar gel immunodiffusion test was applied to serum samples for the demonstration of antibodies to BLV13). 

The total serum protein concentrations were determined by the biuret method according to the method of Coles3). The serum protein patterns were examined by 
electrophoresis on a cellulose-acetate membrane4,8) and the electrophoretic graphs were analyzed using a spectrophotometer DU-8 (Beckman Co., U.S.A.). 

Agar gel immunoelectrophoresis was carried out on microscope slides using anti-bovine y -globulin rabbit serum (Miles Lab., U.S.A.) and anti-bovine IgM 
rabbit serum ( IJ ^-chain specific, Miles Lab., U.S.A.)8). 

3) Cell surface markers 

Mononuclear cells were isolated from the peripheral blood and neoplastic tissues of cattle with lymphosarcoma, and also from the peripheral blood, lymph 
nodes and thymus of a healthy heifer by the sodium metrizoate/Ficoll procedure (Lymphoprep, Nyegaard Co., Norway). The erythrocyte rosette-forming (RF) 
test for the demonstration of T-cells was performed by Paul's methodl7). Aliquots of 1x106 mononuclear cells suspended in 100 /Z I of RPMI-1640 medium 
were mixed with 200 fl 1 of 1% sheep erythrocytes (SRBC). The suspension was incubated at 37o for 10 min and later at 4o overnight. A drop of 0.5% trypan 
blue was added and 200 live cells were counted. When each cell adhered to more than 3 SRBC, the reaction was considered to be positive. For the surface 
membrane immunoglobulin (slg), a marker of B-cells, 1x106 cells were resuspended in 50 [1 I of 1:20 dilution of fluoresceinated anti-bovine IgM rabbit serum ( 
/1 -chain specific. EY Lab., U.S.A.) and incubated at 4o for 30 min. Then 200 live cells were counted under a Zeiss Axiophoto microscope equipped with an 
epifluorescent apparatus. The standard deviation (SD) of mean was calculated from the results of RF and slg tests. 

4) Pathological examination 

Tissue samples were fixed in 10% neutral buffered formalin and processed by a routine paraffin wax sectioning method. Thin sections were stained with 
haematoxylin and eosin (HE) or by silver impregnation. 

Small blocks of neoplastic tissues were fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide, and embedded in Epon. Ultrathin sections were stained 
with uranyl acetate and lead citrate, and then examined under an electron microscope (JEOL 100CX). 


The immunoperoxidase method was applied to paraffin sections. After deparaffinization, sections were incubated with primary antibodies; rabbit anti-bovine 
IgM ( H -chain specific, Miles Lab., U.S.A.), rabbit anti-bovine IgG (Fc specific, EY Lab., U.S.A.) or rabbit anti-bovine IgA ( cx -chain specific, Miles Lab., 
U.S.A.). A biotin-streptavidin system (BioGenex Lab., U.S.A.) was used in the subsequent processes. 
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Results 

1) Hematological, serological and serum protein analyses 

The lymphocyte counts, antibodies to BLV, serum protein concentrations and the results of the immunodiffusion test are presented in Table 1 . A marked increase of the number 
of peripheral lymphocytes was noted in 2 cases of the adult form (Nos. 1 and 3) and 2 cases of the calf form (Nos. 6 and 9). Antibodies to BLV were detected in all the cases of 
the adult form. 

Table.1. Results of hematological and serum protein analyses(41 KB) 

The albumin concentration was low in some animals and there were slight variations in Ot - and @ -globulin concentrations among the cases. 

The y -globulin concentration markedly decreased to 1.1-1.5 g/dl in 3 cases of the adult form (Nos. 1 to 3), and moderately to 1.7 g/dl in 2 cases of the same form (Nos. 4 and 
5). In 3 cases of the calf form (Nos. 6 to 8), the y -globulin concentration was 0.3-0.5 g/dl and much lower than that of the adult form. The other case (No. 9) showed a 
moderate hypogammaglobulinemia and the concentration of-globulin was 1.7 g/dl. In one case of the thymic form (No. 10), the Y -globulin concentration slightly increased to 
2.9 g/dl. In the other case (No. 11), a normal value of 2.4 g/dl was recorded. In a cow with the skin form (No. 12), the concentration of y -globulin decreased to 0.8 g/dl in the 
tumor stage, but increased to 3.4 g/dl in the regressive stage. 

Fig. 1. Electrophoresis of sera from a healthy heifer (A) and leukotic cattle (No. 8) with calf form (B)(19 KB) 

Immunoelectrophoresis revealed the absence of IgM lines in 3 out of 4 cases of the calf form (Nos. 6, 7 and 9) (Figs. 1A and IB) . The remaining one (No. 8) had a weak IgM 
line. 

2) Cell surface markers 

The mean value of slg-positive cells in the adult form markedly increased to 82.8% (SD+6.4) and that of RF-positive cells significantly decreased to 5.7% (SD+2.5) in 
peripheral lymphocytes (Table 2) . In the lymph nodes with extensive neoplastic involvement of one case, the percentage of slg-positive cells increased to 66.4% and that of 
RF-positive cells decreased to 6.4% (No. 2), though the moderately involved lymph nodes in 2 cases contained slg-positive cells and RF-positive cells with percentages of 51.0 
and 28.4% in one case (No. 4), and 54.4 and 27.9% in the other case (No. 5), respectively. Most of the neoplastic cells in the adult form were considered to harbor B-cell 
markers. In the calf form, the levels of slg-positive cells and RF-positive cells were, respectively, only 7.6% (SD+2.2) and 7.1% (SD+5.9) in the peripheral lymphocytes, and 
6.2% (SD+2.4) and 4.7% (SD+4.1) in the neoplastic lymph nodes. The neoplastic cells were considered to have neither a B- nor T-cell marker. In the thymic form, the 
percentages of slg-positive cells and RF-positive cells in peripheral lymphocytes were different in each case. Although one case (No. 10) showed 31.9% of RF-positive cells, a 
similar value to that of a normal control, the percentage of slg-positive cells decreased to 3.4%. In the other case (No. 11), the level of RF-positive cells increased moderately to 
52.3%, while that of slg-positive ones decreased slightly to 27.6%. In the neoplastic thymus, the mean values of slg- positive cells and RF-positive cells were 3.5% (SD+1.5) 
and 3.8% (SD+1.6), respectively. The neoplastic cells in the thymic form were considered to have neither a B- nor T-cell maker. Surface markers of neoplastic cells in the skin 
form were not examined. 

Table.2. Results of surface marker and intracytoplasmic immunoglobulin examinations(50 KB) 

In a healthy heifer, slg-positive cells and RF-positive cells amounted to 36.9 and 35.8% in the peripheral blood, 52.5 and 38.6% in the lymph nodes, and 4.6 and 62.2% in the 
thymus, respectively. 

3) Pathological findings 
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Adult form: In 3 cases (Nos. 1 to 3), there was an almost generalized neoplastic involvement of the lymph nodes, which consisted of extensive proliferation of neoplastic cells. 
The original structure of many lymph nodes was almost completely absent except for one case (No. 3). In the moderately involved lymph nodes, the neoplastic cells tended to 
proliferate in the sinuses. The other 2 cases (Nos. 4 and 5) showed a localized neoplastic involvement of the lymph nodes. The various extra-nodal tissues were also invaded 
(Table 3) . Ultrastructurally, neoplastic cells varied in size from small cells with scanty cytoplasm to large cells with abundant cytoplasm. The nuclei showed irregular contours 
with indentations, and contained coarse chromatin and large nucleoli (Fig. 2) . The rough-surfaced endoplasmic reticulum (RER) was poorly developed. There were a few 
mitochondria and small areas of Golgi apparatus in the cytoplasm, and free ribosomes were abundant, especially in the large cells. 

Tabel.3. Results of pathological examination of neoplastic lesions(43 KB) 

Fig. 2. Electron micrograph of neoplastic cell in adult form (No. 2)(35 KB) 

Calf form: In all the cases, systemic neoplastic involvement was observed in the lymph nodes, and also characteristic involvement was observed in the Glisson capsule of the 
liver and in the bone marrow 24 )- The neoplastic tissues were also present in other sites (Table 3). In 3 cases (Nos. 6 to 8), the lymphatic parenchyma was crowded with 
neoplastic cells, and normal lymphatic structures were absent. The other case (No. 9) showed very small areas of normal lymphatic tissue surviving among severe neoplastic 
proliferation. Ultrastructurally, the size of the neoplastic cells differed in each case ranging from small to medium. Small cells had scanty cytoplasm with poorly developed RER 
and a few mitochondria, and their nuclei were oval and chromatin was coarse. Medium-sized cells displayed oval nuclei and abundant cytoplasm, in which organelles similar to 
those of small cells were observed (Fig. 3) . 

Fig. 3. Electron micrograph o f neoplastic cell in calf form (No. 9)(35 KB) 

Thymic form: One case (No. 10) showed a large mass of neoplastic thymus and systemic neoplastic lesions, which resembled those of the calf form. In the other case (No. 11), 
neoplastic lesions were localized in the thymus and a few lymph nodes surrounding it. Ultrastructurally, the neoplastic cells were small with round or slightly indented nuclei 
with condensed chromatin and inconspicuous nucleoli. The organelles were poorly developed like those in the calf form (Fig. 4) . 

Fig. 4. Electron micrograph of neoplastic cell in thymic form (No. 10)(35 KB) 

Skin form: In addition to the neoplastic lymphoid-cell proliferation in the skin, there were palpable swellings of the superficial and pelvic lymph nodes in the tumor stage. In the 
regressive stage, the neoplastic cells disappeared from the dermis, and most of the neoplastic cells in the lymph nodes and kidneys degenerated with infiltration of normal 
lymphocytes and macrophages 11). Numerous plasma cells infiltrated many lymph nodes without neoplastic involvement. Ultrastructurally, neoplastic cells were polygonal in 
shape, and the organelles consisted of poorly developed RER, a few mitochondria and numerous ribosomes. The nuclei were round to oval in shape, and contained a small 
amount of chromatin and distinct nucleoli. Nuclear convolution was not observed (Fig. 5) . 

Fig. 5. Electron micrograph o f neoplastic cell in skin form (No. 12)(35 KB) 

Intracytoplasmic IgM, IgG and IgA were not detected in the neoplastic cells of the 4 types of bovine lymphosarcomas (Table 3) . In contrast, the lymph nodes of a healthy heifer 
contained plasma cells and immunoblasts, which gave a positive reaction for IgM, IgG or IgA. 

Discussion 

Human lymphomas are frequently accompanied by abnormalities of serum y -globulin, such as hypergammaglobulinemia with M-component and 

hypogammaglobulinemia7,16,18,19,23). Electrophoretic patterns for serum y -globulin have revealed normal, increased or decreased concentrations in bovine lymphosarcomas 1). 
In the present study, animals in the adult form had antibodies to BLV and typical lymphosarcoma as described previously24). The values of serum protein suggest that an 
increase of involved lymph nodes causes a decrease of the level of serum y -globulin. Since the neoplastic cells gave a positive reaction for slg, they were presumably derived 
from the B-cell series20). However, these neoplastic cells showed a poorly developed RER and lacked intracytoplasmic immunoglobulins. It is considered that the neoplastic 
cells could not differentiate into immunoglobulin-producing cells, and extensive proliferation of these cells in the lymph nodes may cause a decrease of the concentration of 
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serum y -globulin. 


The characteristic lesions of the calf form consisted of systemic involvement of the lymph nodes and neoplastic proliferation in the bone marrow and in the Glisson capsule of 
the liver21,24). Although the calf form is most common in calves younger than 6 months of age, similar lesions may be observed in adolescent or adult cattle without antibodies 
to BLV24), as in the 3 cases in the present study. Neither a B- nor T-cell marker was present in our cases, and the inability to produce immunoglobulins was demonstrated by the 
absence of intracytoplasmic immunoglobulins and poorly developed RER. Severe hypogammaglobulinemia in 3 cases (Nos. 6 to 8) was probably due to the absence of normal 
tissue in the lymph nodes, which was replaced by neoplastic proliferation. The moderate decrease of the concentration of serum y -globulin in one case (No. 9) was presumably 
associated with the small area of residual lymphatic tissues in the lymph nodes. 

The thymic form showed typical involvement in the thymus and the neoplastic cells had neither a B- nor T-cell marker. These cells may originate from thymocytes lacking a 
T-cell marker due to malignant transformation. In one case, the y -globulin concentration slightly increased despite the generalized involvement of the lymph nodes, which may 
be associated with the activation of remaining B-cells by the stimulation of neoplasic cells. It is suggested that the normal value in the other case was due to the fact that in the 
various lymph nodes without neoplastic lesions normal immunological functions were maintained. 

In the skin form, the neoplastic lesions were formed in the lymph nodes and various organs as well as in the skin. These lesions may regress within a few months after the initial 
recognition of the tumorll). In a study of cutaneous lymphosarcoma, the neoplastic cells gave a negative reaction for the RF testll), while another study showed that the 
neoplastic cells had a marker for helper/inducer T-cells25). In our study, hypogammaglobulinemia in the tumor stage may be associated with the proliferation of neoplastic cells 
in the lymph nodes, and hypergammaglobulinemia in the regressive stage may be due to the presence of numerous plasma cells in the lymph nodes. 

A lower level of IgM fraction in the sera was observed in BLV-positive cattle with persistent lymphocytosis6). In cattle with lymphosarcoma, the absence of IgM was pointed 
out22), although the level of IgM did not decrease significantly in other studiesl5). Ichijo described a decrease of IgM level in the adult form and IgG in the calf form9). No IgM 
line was detected in our 3 cases with the calf form. It was reported that the immunoblasts, which correspond to one stage of B-cell differentiation, produced initially IgM during 
differentiation to plasma cellsl2). When the lymphoid tissues are damaged rapidly by malignant growth, the IgM-producing cells may be affected first. In the remaining case of 
the calf form, with a weak IgM line, it is possible that IgM-producing cells may remain elsewhere including the extra-nodal lymphoid tissues or that IgM which had already 
been produced may keep a detectable concentration in the serum. 
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Table. 1 


Results of hematological and serum protein analyses 
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Fig. 1 

Electrophoresis of sera from a healthy heifer (A) 
and leukotic cattle (No. 8) with calf form (B) 
IgM line (arrow) is absent in leukotic cattle. 
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Table. 2 

Results of surface marker and intracytoplasmic immunoglobulin examinations 


No. 

Surface markers of 
blood lymphocytes {ft) 

Surface markers in lymph 
nodes or 1 hymns ((1) 


clg* 1 id 
Lymph nodes 


slg*> 

RF* 1 

fl« 

RF 

IgM 

l t G 

l|A 

{Adult form) 
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SB-2 

6,6 

ND“> 

ND 
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90.2 
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66.4L*> 

6.4 

- 
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3 

00.8 

1,7 

ND 

ND 

- 

- 

- 

4 

7B.7 

7,2 

3L.0L 

2£,4L 

- 

- 

- 

3 

Mean 

72,S 

B. 8+6,4-> 

4,2 

5,7 ±2,J 

54,5 L 

64,6 + 2,2 

27,9L 

20,9+ 16,2 

“ 
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(Calf form) 

6 

9,1 
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ND 

ND 

- 

- 

- 
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7,J 

14,2 

0.7L 

6L 

- 

- 

- 
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10.0 

11,0 

7.1 L 

I6.1L 

- 

- 

- 

9 

4.2 

0.5 

2.SL 

4.2L 

- 

- 

- 

Mean 

7,6 ± 2,2 

7.1 ±5.9 

6.2 ±2.4 

4 .7 ± 4.1 

- 

- 

- 

{Thymic form) 

16 
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31.9 

JOT" 

5-4T 

— 

— 

— 

11 

27.fi 

53 2 

5. IT 

2.2T 

- 

- 

- 
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15.5 + 12.1 
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- 

- 

- 

{Skin form) 

12 

NO 

m 

ND 

ND 

- 

- 

- 
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13 
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t52,5L) fc > 

(4.6T) 

(30-6L) 
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1 + ) 11 

t+) 

( + 1 


a): Tncracytoplasmic immunoglobulin-positive cells, b )t s Eg; Surface immunoglobulin-positive cell*, c): HF; CeJIt 

positive Tor rwrtEe-forming test. d): ND, Not done, e): L; Lymph nodes. f>- T; Thymui. g): Standard deviation 
of (tie mean, h): Figures in parenthesis indicate values in normal lymph nodesfL) and ihytnusCD, i>; Normal plasma cells. 
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Tabel.3 

Results of pathological examination of neoplastic lesions 


No. 

Lymph 

nodes 

Spleen 
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444 : Sever* neoplasUc lesions without normal structure of the organs- 
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area of normal structure of organs. 4 

: Mild lesions with slight neoplastic cell proliferation. -: No lesions. 
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General distribution. 
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Electron micrograph of neoplastic cell in adult form (No. 2) 

The cell shows on irregularly indented nucleus and poorly developed organelles. (x3,300) 


Fig. 3. (right) 

Electron micrograph of neoplastic cell in calf form (No. 9) 

The cell shows on oval-shaped nucleus and poorly developed organelles. (x3,300) 


Brack 


http://ss.jircas.affrc.go.jp/engpage/jarq/32-3/ishino/j5ishino.htm [10/7/2002 9:29:27 PM] 




Fig. 4.(left) 

Electron micrograph of neoplastic cell in thymic form (No. 10) 

The cell shows on oval-shaped nucleus with a small indentation and 
poorly developed organelles. (x3,300) 

Fig. 5.(right) 

Electron micrograph of neoplastic cell in skin form (No. 12) 

The cell shows a round nucleus and poorly developed organelles. (x3,300) 
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Table. 1 

Changes in the number of pigs, farms and the average number of pigs per farm 
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Fig.l 

Annual changes in animal wastes 
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Compl aims (n umber/year) 


Fig.2 

Annual changes in the number of complaints about 
pollution problems by animal wastes 
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Fig.3 

Legal constraints related to animal wastes 
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Table.3 

Criteria of offensive odors 


UiiiL: ppm IfflL/m*) 


Items 


Rang? 


|. Ammonia 

2. Methylmercapcfln 

3. Hydrogen sulfide 

4. Dimethyl sulfide 
J. LUmcEtiyl difcilfide 
fi, TrimerhyLamine 

7. Afelaidtliydf 

8. Propiomaldehydc 

9 . n-Butyraldchyide 

(5, Ix-jbuiyraldehydri: 

11. n-Vakraldthyde 

12. Esovakraldehydc 

13. [sobutannl 

14. Elhyl acetate 

l!. Mefhyl iiobulyl kclone 

16. Toluene 

17. Styrene 
11. Xylene 

19- Propionic acid 

20. is-BulyriC add 

21. fl. Valeric nrid 

22. Iwvakrte acid _ 


l — S 

0 . 002 - 0.01 
0.02-0.2 
0.01 - 0.2 
0,009-0 I 
0,005-0.07 
fl .05-0.5 
0.05-0-3 
0.009 - 0.09 
0.02-0.2 
0.009 - 0.05 
0,003-0,01 
0.9-20 
3-20 
1-6 
10-GO 
0,4-2 
l-S 

0,03-0.2 
0.001 -0.006 
0.0009 - 0.004 
0.001-0.01 
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fellowship 


J IRC AS 


JIRCAS Visiting Research 
Fellowship Program at Tsukuba 
2002 


Japan International Research Center for Agricultural Sciences (JIRCAS) has 
implemented the "Visiting Research Fellowship Program at Tsukuba" since 1995. 

The fellowship aims at the promotion of collaborative research to address various 
problems confronting the countries in developing regions on a global scale, including 
the critical situation of food production, the progression of desertification and the 
gradual disappearance of genetic resources. 

JIRCAS which is located in Tsukuba Science City and is equipped with facilities for 
advanced research, is inviting young promising researchers from institutes in 
developing regions who will play a major role in the activities of these institutes in 
future to carry out collaborative research for the sustainable development or rapid 
progress of agriculture, forestry and fisheries compatible with the preservation of the 
natural environment. 

Under the Fellowship Program, a total of fourteen (14) researchers will be invited, of 
which ten (10) will undertake the JIRCAS type programs for a period of one (1) year 
and the other four (4) researchers will be engaged in the NIAS type programs for a 
period of five (5) months. The former ten (10) will carry out collaborative research at 
JIRCAS HQ, while the latter four (4) will conduct research at the National Institute of 
Agrobiological Sciences (NIAS) at Tsukuba. 

Fellowship Qualifications 

(1) Applicants should be outstanding researchers who will play a major role in the 
activities of the respective institutes in future. After the completion of the 
Fellowship, they should continue to carry out research at the same institute. 
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(2) Hold a Master?fs degree in a field relating to socio-economics and natural 
sciences and technology or equivalent qualifications in related fields. Be preferably 
less than 35 years of age. 

(3) Carry out research related to one of the themes listed under "Research 
Themes". 

(4) Should enjoy a good health. 

(5) Have an adequate command of English or Japanese language. 

Tenure 

In principle, starting from October 2002, the JIRCAS type program will cover a 
period of one (1) year and the NIAS type program will cover a period of five (5) 
months. 

Fellowship Conditions 

(1) A round-trip airline ticket (economy class) will be available (except for 
dependents). 

(2) Living allowance: 260,000yen per month. 

(including housing allowance) 

(3) Housing: International Guesthouse 

2-1-2, Kan-nondai, Tsukuba 

(4) Fixed-rate insurance package (for injury, sickness and damage) will be offered 
under the JIRCAS Fellowship Program, (except for dependents) 

Application Procedure 

Applicants are required to submit the following documents to the President of 
JIRCAS. 

(1) Application form 
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pdf 

(2) Copies of the most important articles (Up to 3) 

Deadline for Application 

March 15, 2002(keep strictly) 

Notification 

JIRCAS will examine the application documents and notify the results of the 
selection to the applicants about three months after the deadline date for 
application. 

Further information about the Visiting Research Fellowship Program can be 
obtained from the International Relation Section, Japan International Research 
Center for Agricultural Sciences, 1-1, Ohwashi, Tsukuba, Ibaraki, 305-8686 Japan. 


URL: 

http ://www. iircas. affrc.go.ip/ 

E-mail: 

irs(®ml.affrc.go.ip 

Tel: 

81 - 298 - 38 - 6335 

Fax: 

81 - 298 - 38 - 6337 
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JIRCAS Visiting Research 
Fellowship Program 
at Okinawa 2002 




Japan International Research Center for Agricultural Sciences (JIRCAS) has implemented the "Visiting Research 
Fellowship Program at Okinawa" since 1992. 

The Fellowship emphasizes presently pioneer research on the conservation of the global environment and optimum 
utilization of bio-resources in the tropics and subtropics. 

The successful candidates, the number of which will be about 10, will undertake relevant research pertaining to one of 
the five themes listed below. Research will be carried out at the Okinawa Subtropical Station of JIRCAS in Ishigaki 
City, Okinawa Prefecture which is located in the subtropical zone of Japan and is equipped with advanced facilities for 
research. 

Research Themes 

(1) Efficient use of water and fertilizers 

(2) Evaluation and utilization of heat- and salt-tolerant crops 

(3) Evaluation and characterization of tropical and subtropical fruits 

(4) Evaluation and utilization of useful traits in sugarcane and sweet potato 

(5) Integrated pest management of tropical and subtropical crops 
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Fellowship Qualifications 

(1) Applicants should be nationals of developing countries, be currently employed in a research organization (institute 
or university, etc.) and be engaged in research relating to tropical or subtropical agriculture and forestry, in principle. 

(2) Hold a Ph. D. degree in a field relating to natural sciences and technology or equivalent qualifications in related 
fields. 

(3) Be a researcher who will take up research subjects related to one of the four themes listed in the forementioned 
"Research Themes". 

(4) Be preferably less than 45 years of age. 

(5) Should enjoy a good health. 

(6) Have an adequate command of English or Japanese language. 

(7) Be committed to pursuing research in fields related to tropical agriculture and forestry after the termination of the 
Fellowship. 

Tenure 

In principle, one year, starting from October 2002. 

Fellowship Conditions 

(1) A round-trip airline ticket (economy class) will be available (except for dependents). 

(2) Living allowance: 260,000yen per month. 

(excluding housing allowance) 

(3) Housing (cost borne by JIRCAS): 

Maison ICRS, 874 Maezato, 


http://ss.jircas.affrc.go.jp/shouhei/fellow_Okinawa.html (2 of 4) [10/7/2002 9:31:41 PM] 


fellow_Okinawa 

Ishigaki, Okinawa, 907-0002 JAPAN 

(4) Fixed-rate insurance package (for injury, sickness and damage) will be offered under the JIRCAS Fellowship 
Program, (except for dependents) 

Application Procedure 

Applicants are required to submit the following documents to the President of JIRCAS. 

(1) Application form 
pdf 

(2) Copies of the most important articles (Up to 3) 

Deadline for Application 

March 15, 2002 (keep strictly) 

Notification 

JIRCAS will examine the application documents and notify the results of the selection to the applicants about three 
months after the deadline date for application. 

Further information about the Visiting Research Fellowship Program can be obtained from the International Relation 
Section, Japan International Research Center for Agricultural Sciences, 1-1, Ohwashi, Tsukuba, Ibaraki, 305-8686 
Japan. 

URL: http://ss.iircas.affrc.go.ip/index.html 

E-mail: irs(a) ml. affrc.go.jp 

Tel: 81 -298 - 38 -6335 
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Fax: 


81 -298 - 38 -6337 

HOME ' 
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February 5 - 6: 


International Workshop 
on Nitrogen Fertilization 
and the Environment 
in East Asian Countries 


5-9 Feb. 2001, Tsukuba, Japan 


International Symposium 

at Tsukuba International Congress Center (Epochal Tsukuba) 
February 7 - 9: 

Japan/China Project Meeting and Field Excursion 
in Ibaraki, Yamanashi and Shizuoka Prefectures 


Thanks for you Collabration!! 

Closed with a Great Success!! 

A total of 100 scientists from 15 countries participated 

The proceedings of the symposium will be published in 
a special issue of Nutrient Cycling in Agro-Ecosystems 

POST MEETING PAGES 

0 Participants List 
^ Photographs 

^ Summary of the Discussion Session 

^ Publication Info. 

® Background 

^ General Information 

^Program of International Symposium 

ftfapan/China Project Meeting and Field Excursion 


http://ss.jircas.affrc.go.jp/EANWS/EANWStop.html (1 of 2) [10/7/2002 9:31:44 PM] 













EANWStop 


Japan International Research Center for Agricultural Sciences (JIRCAS) 
1-2 Owashi, Tsukuba, Ibaraki 305-8686, JAPAN 
Fax: +81-298-38-6651 
E-mail: annas(a>jircas.affrc.go.jp 
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Group A 


Participants: 

Zhu, Z., Inst, of Soils Science, CAS, China (Chair) 

Hosen, Y.., JIRCAS, Japan (Rapporteur) 

Chen, J., Chiba Univ., Japan 
Eguchi, S., NIAES, Japan 

Hasagawa, H., Tohoku Natl. Agric. Exp. Stn., Japan 

Ishikawa, T., JIRCAS, Japan 

Katou, H., NIAES, Japan 

McTaggart, I., Scottish Agric. College, UK 

Minami, K., NIAES, Japan 

Mishima, S., NIAES, Japan 

Niimi, H., Kyushu Natl. Agric. Exp. Stn., Japan 

Wan, Q., Geographical Survey Institute, China 

1. There must be a compromise between environment, economy and production. 

2. Customers must be prepared to pay more for food produced in environmentally suitable method. 

3. We need researchers who observe trees and who observe forest; and they should exchange their 
opinions. 
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GiwpB 


Participants: 

Mosier, A., USDA-ARS, USA (Chair) 

Yan, X., JIRCAS, Japan (Rapporteur) 

Abe, K., NARC, Japan 

Cai, Z., Inst, of Soils Science, CAS, China 

Hojito, M., National Grassland Res. Inst. 

Park, Y.-H., NIAST, RDA, Korea 

Watanabe, T., JIRCAS, Japan 

Xu, M., Inst, of Soils and Fertilizers, CAAS, China 

Zhao, L., Inst, of Soils and Fertilizers, CAAS, China 

Zhu, J., Inst, of Soils Science, CAS, China 

A. Gaps in knowledge 

1. The fate of fertilizer N is not clearly known. 

2. How much of the environmental problems were resulted from fertilization? 

B. Methodology issue 

1. There is imbalance between the research advances of different countries. A good method should be 
developed and distributed to estimate N losses. 

2. Many ways of nitrogen losses cause environmental problems, but there exits, sometimes, a trade-off 
relationship between different losses. There is disagreement in the priority to mitigate losses. Therefore, 
a comprehensive index is needed to indicate the whole all environmental risks of N fertilization. 

C. Mitigation options 

1. To replace chemical N supply with natural N supply, to replace dangerous fertilizer with less 
dangerous fertilizer. 

2. To have various land-use systems in a watershed therefore to improve N use efficiency by crop and to 
reduce loss. The function of paddy field as a biological purifier of excessive N is to be verified. 
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D. What is changing? 


Fortunately, in developed nations such as Japan, high crop yield is no more the top priority. Farmers are 
considering crop quality and environmental regulations. In developing countries such as China, high crop 
yield is no more the sole purpose of fertilization. They are considering the best combination of •gthree 
highs»h, i.e., high crop yield, high crop quality and high fertilizer use efficiency. 
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djmuP-C 

Participants: 

Ito, 0., JIRCAS, Japan (Chair) 

Han, Y., Inst, of Soils Science, CAS, China (Rapporteur) 

Inagaki, M., JIRCAS, Japan 

Kim, S.-C., NIAST, Korea 

Minamikawa, K., Tsukuba Univ., Japan 

Miyaji, N., Shizuoka Pref. Agric. Exp. Stn., Japan 

Roelcke, M., Braunschweig Technical University, Germany 

Suzuki, K., NIAES, Japan 

Tachibana, M., Chisso Corp., Japan 

Woli, K.P., Hokkaido Univ., Japan 

Zhao, P., NARC, Japan 

Zhang, R., Inst, of Soils and Fertilizers, CAAS, China 

A. What is the target of research on nitrogen fertilization and the environment? 

Company point of view: 

- Consumers (farmers) and environment 
Researcher»fs point of view: 

- Farmers, ordinary citizens, all people involved in the system. 

B. How large are the environmental impacts? 

In China: Becoming more and more serious. 

Taihu Region: N fertilizers are not the main (or only) source for groundwater pollution, compared to 
livestock, human settlements, etc. 

But N-China: N-deficiency, water shortage. N uptake by plants is small. High groundwater poll. 

In Japan: North (Hokkaido): 

Only 8% from human wastes, 92% from animal raising. Impact is increasing. But in the S (Kyushu): 
Animal wastes, excessive fertilizer appl. Rates, N03-N has reached the groundwater. 

N20 and NO pollution from farmland is not being controlled, while urban sources (traffic) is being 
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controlled. 


C. How is the impact changing? 

N-China: First goal has to be food production, but the environmental impact will be large. Then 
gradually improve the environment, according to the development of society»fs basic needs. 

Well water table is falling, nitrogen pollution even in the deep wells. 

Japan: Impact will continue to increase, because the scientists are a minority compared to the majority of 
the people; major scientific breakthrough needed. 

In Shizuoka tea gardens: N application rates have been reduced from 1000 to 600 kg N/ha during the past 
4 years. Nitrate standard has been lowered 2 years ago, consumers are environment conscious, farmers 
older, apply less fertilizer. GW pollution dependent on the depth of GW table. 

D. How can we mitigate the impact? 

- Make best use of compost production. 

- Combine with controlled release fertilizers. 

- In South China: Reduce fertilizer application rates; fertilizer recommendations by the local officials 
often only aim at maximum yields. So education of extension services, farmers, etc. has to be improved. 
Young farmers lack experience. 

- Provide suitable models as advisory tools. 

- Rules and regulations by the government needed to reduce the environmental impact in sensitive areas 
(drinking water catchments, etc.). 

- Price of controlled-release fertilizers are too high for Chinese farmers at present! 

- Reduce the burning of crop residues in the field. 

- Organic manure should not be neglected. Prepare new kinds of processed organic manure, user-friendly 
compost preparation; volume reduced. 

- If manure has to be dumped, then at least it should be processed before. 

- How can the farmers be motivated to take mitigation options? 

- User-friendly techniques for the farmers. 

- Profitability has to be considered, for example prices for organic farming products. 

- Farmers will react to policy changes, such as the lowering of purchasing prices for poor-quality grain; 
they will shift to higher quality products. 

- Several model-farms can be established through the strong leadership of local governments in Japan. 

- Then the positive results can be transferred to others. 

- Situation in S-Korea: Introduction and adoption of slow-release fertilizers required. 
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E. What is the gaps in our knowledge on interpretation of results from experiment and real 
situation? 

- We need to fill the gaps in knowledge on the processes of the N-cycle, needed to make better 
simulation models, to serve as advisory tools for the farmers. 

- A network between prefectures in Japan, carrying out research in different areas,the results must be 
inter-linked. 
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Group D 


Participants: 

Ellis, E.C., Univ. of Maryland, BC, USA (Chair) 

Maeda, M., NARC, Japan (Rapporteur) 

Hatano, R., Hokkaido Univ., Japan 

Kanda, K. JIRCAS, Japan 

Liyanage, B., Osaka Univ., Japan 

Mori, A. Natl. Grassland Res. Inst., Japan 

Nakano, A., NIVOT, Japan 

Shoji, S., Tohoku Univ., Japan 

Zhang, S., Inst, of Soils and Fertilizers, CAAS, China 

Impact mitigation: 

1. Technical measures: 

i) Efficient recovery of fertilizer N through cropping system / land use / new types of fertilizer; 

ii) Coordination of crop, soil, and fertilizer; 

iii) Barriers to N losses from agricultural fields / watersheds using land use; 

iv) Efficient use of natural N (Nitrogen fixation); 

v) Recycling of organic wastes. 

2. Political measures: 

Establishment of environmentally sound agriculture: 

i) Recycling of organic matter; 

ii) Development of controlled fertilizers; 

iii) Financial / technical support by government. 

3. Educational measures: 

i) Farmer extension; 

ii) Guidance for students; 

iii) Information on web sites; 
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iv) Consciousness of consumers; 

v) Community supported agriculture. 

4. Economical measures: 

i) Control of importing / exporting agricultural products / livestock food; 

ii) Display for products enabling consumer choice. 

Gaps of knowledge: 

1. Are nitrates really toxic? 

2. Is it possible that denitrification for reducing nitrates causes other environmental problems? 

3. Is production of crops with high yield / quality compatible with conservation of the environment (Zero 
pollution)? 
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Publication 


The papers presented at the Workshop will be published in a special issue of Nutrient Cycling in 
Agro-Ecosystems. Workshop contributors are strongly encouraged to submit full papers to the mailing 
address indicated in this web page by March 31, 2001. Please refer the instructions for manuscript 
preparation at the web-site of Kluwer Publishers . 

Your manuscript will be assigned to a member of editorial committee, who will obtain at least two 
anonymous reviews [schedule for publication] . The decision on acceptability for publication will be 
made by the editorial committee and journal editors. 

Editorial Committee: 

Dr. Zucong Cai, Institute of Soil Science, Academia Sinica 
Dr. Erie C. Ellis, University of Maryland, Baltimore County 
Dr. Iain McTaggart, Scottish Agricultural College 
Dr. Arvin Mosier, USDA/ARS 

Dr. Yasukazu Hosen, Japan International Research Center for Agricultural Sciences (JIRCAS) 

Dr. Marco Roelcke, Technical University Carolo-Wilhelmina 

Dr. Kazuyuki Yagi, Japan International Research Center for Agricultural Sciences (JIRCAS) 

Dr. Jianguo Zhu, Institute of Soil Science, Academia Sinica 
(in alphabetical order) 


For further information, please contact: 

Secretary of the Organizing Committee for the International Workshop on Nitrogen Fertilization and the 
Environment in East Asian Countrie 

Japan International Research Center for Agricultural Sciences (JIRCAS) 

1-2 Owashi, Tsukuba, Ibaraki 305-8686, JAPAN 

Fax: +81-298-38-6651 

E-mail: annas@jircas.affrc.go.jp 


HOME 

HOWE 


http://ss.jircas.affrc.go.jp/EANWS/pubinfo1.htm [10/7/2002 9:32:10 PM] 







PUBLICATION 

In a Special Issue of 
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February 2001: Submission 

^ Review 

June 2001 

^ Revision 

September 2001 

^ 2nd Review and Revision (if needed) 

December 2001: Final Decision 
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International Workshop 
on Nitrogen Fertilization 
and the Environment 
in East Asian Countries 
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Back 
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The global cycle of nitrogen has been altered by human activity to a greater extent than that of any other 
element. The production of nitrogen fertilizer, cultivation of legume, and incidental nitrogen fixation in 
internal combustion engines together transfer more nitrogen from the atmosphere into biological available 
forms than is fixed by all natural processes combined. Additionally, biomass burning and land-use change 
mobilize large quantities of nitrogen from stored into dynamics forms. In the past decade, we do have seen a 
large increase in global and regional environmental problems attributable to increased nitrogen cycling through 
the atmosphere and waters of the world. 

East Asian countries, including Japan, China, and Korea, are characterized by intensive agriculture with high 
input of fertilizer, pesticides, and labors due to recent economical development and high population density. 
The intensive agriculture with introducing new technologies has promised high grain yield in this region. On 
the other hand, its adverse effects on the environment have recently become apparent and the sustainability of 
land resources and environment has become a cause of concern. Many of these problems have resulted from 
use of agricultural land in a manner that overloads nutrients, in particular nitrogen. Indeed, consumption of 
nitrogen fertilizer in this region has considerably increased during last three decades and accounted for more 
than 30% of the world in 1995. 

We must now address serious issues in this area: How large is the environmental impact of intensive cropping 
systems? How is the impact changing? What will happen in future? How can we mitigate the impact? 

BOH 
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background 


This workshop will address the following themes: 

(1) Overview of the issues related to nitrogen fertilization and the environment in east Asian countries 
and the world, 

(2) Effects of nitrogen fertilization on aquatic systems, 

(3) Effects of nitrogen fertilization on the atmosphere, 

(4) Evaluation of nitrogen cycling in agro-ecosystem at field and regional scales, and 

(5) Technologies that minimize the environmental impact of nitrogen fertili z ation 

And will aim; 

(1) to exchange the understanding of the issues related to nitrogen fertilization and the environment in 
east Asian countries, 

(2) to identify gaps in our knowledge, and 

(3) to discuss future research needs and possible forms of cooperation. 


General m 


aHmitiuri 


B A c K. 


Site Mai* 


http://ss.jircas.affrc.go.jp/EANWS/background.html (2 of 2) [10/7/2002 9:32:15 PM] 









general info 



International Workshop 
on Nitrogen Fertilization 
and the Environment 
in East Asian Countries 


General 


Ini 

l 
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Date & Veneu 

February 5 and 6, 2001: International Symposium 

At Tsukuba International Congress Center (EPOCHAL TSUKUBA) 

February 7, 8 and 9, 2001: Japan/China Project Meeting and Field Excursion 

In Ibaraki, Yamanashi, and Shizuoka Prefectures 

Registration 

(International 

Symposium) 

The International Symposium (Feb. 5&6) is an open meeting. We welcome anybody to participate. 
However, we suggest to make a registration with accessing the registration form at our home page at the 
address below and send the completed form to us by email. 

^Registration form 

You may also use the following forms that to be sended to our secretary by FAX (+81-298-38-6651). 
*Word for windows (*.doc) style, *PDF style 

There is no cost but pre-registration is recommended. 

Registration 

(Excursion) 

Number of persons for the excursion tour is limited, but there is still some room. Please contact our 
secretary if you would like to participate the excursion tour. It costs 32,000 Japanese Yen. 

Reception 

The Symposium Reception will be held from 19:00 to 21:00 p.m. Monday, February 5, in the 
Myojo-no-Ma Room on the second floor of the Tsukuba Dai-ichi Hotel. 

Official Language 

The official language of the Workshop will be English. However, voluntary service of simultaneous 
translation for any East Asian languages is welcome, in particular during the discussion sessions. 

Publication 

The papers presented at the Workshop will be published in a special issue of Nutrient Cycling in 
Agro-Ecosystems. Workshop contributors are strongly encouraged to submit full papers to the mailing 
address indicated below by February 28, 2001. Please refer the instructions for manuscript preparation 
at the web-site of Kluwer Publishers. 


Coordinators: 

Dr. Kazuyuki Yagi, Japan International Research Center for Agricultural Sciences (JIRCAS) 

Dr. Zucong Cai, Institute of Soil Science, Academia Sinica 

Workshop 

Organization 

Committee 

Members: 

Dr. Yasukazu Hosen, Japan International Research Center for Agricultural Sciences (JIRCAS) 

Dr. Hidetaka Katou, National Instiute of Agro-Environmental Sciences (NLAES) 

Dr. Morihiro Maeda, National Agricultural Research Center (NARC) 

Dr. Naomichi Miyaji, Shizuoka Agricultural Experiment Station 

Dr. Hideshige Toda, Shinshu University 

Dr. Minggang Xu, Institute of Soils and Fertilizers, Chinese Academy of Agrcultural Sciences 

Dr. Jianguo Zhu, Institute of Soil Science, Academia Sinica 
(in alphabetical order) 
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Sponsors 

Japan International Research Center for Agricultural Sciences (JIRCAS), Ministry of Agriculture, 

Forestry and Fisheries 

Ministry of Education, Culture, Sports, Science and Technology 

Secretary 

For further information, please contact: 

Secretary of the Organizing Committee for the International Workshop on Nitrogen Fertilization and the 
Environment in East Asian Countries 

Japan International Research Center for Agricultural Sciences (JIRCAS) 

1-2 Owashi, Tsukuba, Ibaraki 305-8686, JAPAN 

Fax: +81-298-38-6651 

Homepage address: http://ss.iircas.affrc.go.ip/index.html 
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0800 Registration 

Opening Session 

0900 Opening Address 
Keynote Lectures 

0910 Essential Nitrogen: Environmental Challenges Associated with Increased Global Nitrogen Fixation 
Mosier, A. (USDA-ARS) 


0955 


Nitrogen Fertilization: Contribution to the Development of Agriculture and Impact on Environment in 
China 

Zhu, Z.L. (Institute of Soil Science) 


1040 Nitrogen Fertilization Nitrate Pollution in Groundwater in Japan 
Kumazawa, K. (The Univ. of Tokyo) 


1125 


Technologies Using Controlled Release Fertilizers to Improve the Environmental Impacts of Nitrogen 
Fertili z ation 

Shoji, S. (Tohoku Univ.) 


1210 Lunch 

Nitrogen Cycling in Agro-Ecosystems Chair: Toda, H. 

1330 Nitrogen Fertilizing Management for Rice Cultivation in Korea 
Park, Y.-H. and Kim, P.-J. (NIAST) 

1350 Nitrogen Budgets in Farm-Systems in Large-Scale Karst Region of Qibainong, Southern China 
Hatano, R. (Hokkaido Univ.) et al. 

1410 Estimating the Long-Term Impacts of Nitrogen Fertilizers Across Village Landscapes 
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1430 Recent Trend of Nitrogen Fertilizers Use in Japan and Mitigation Plan 
Mishima, S. (NIAES) 

Environmental Impact on Water Systems Chair: Roelcke, M. 

1450 Evaluating Impact of Land Use and Nitrogen Budgets at Community Scale on Stream Water Quality in 
Hokkaido, Japan 

Woli, K.P. (Hokkaido Univ.) et al. 

1510 Effect of Different Chemical Fertilizer Combination on Yield and Nitrate Distribution in Chao Soil 
Profile 

Zhang, S.X. (ISF) et al. 

1530 Tea Break 

1600 Nitrogen Leaching and Balance in Volcanic Ash Soil Affected by Different Fertilizers 
Maeda, M. (NARC) et al. 

1620 Reduction in Nitrogen Load from Tea Garden by Fallow Paddy Fields at Shizuoka Prefecture, Central 
Japan 

Miyaji, N. (Shizuoka Pref. AES) et al. 

1640 Denitrification in Shallow Groundwater in a Coastal Agricultural Area of Japan 
Toda, H. (Shinshu Univ.) et al. 

Nitrogen Dynamics in Upland Soils Chair: Xu, M. 

1700 The Effect of Soil Moisture on Mineral Nitrogen, Soil Electrical Conductivity and pH 
Zhang, R. (ISF) and Wienhold, B.J. (Univ. of Nebraska) 

1720 Studies on Interaction between Nitrogen and NaCl in Winter Wheat Growth and Yield 
Pang, H.C. (ISF) et al. 

1740 Dynamics of Nitrogen in Upland Field Applied with a Large Amount of Slurry Barnyard Manure in 
Southern Kyushu 

Niimi, H. (Kyushu AES) 

1800 Adjourn 

1900 Workshop Reception 


Dfuesday, February 6 


at Epochal Tsukuba, Room 101 


Environmental Impact on the Atmosphere Chair: Watanabe, T. 

0900 Ammonia Volatilization from Fertilizers Applied to Rice, Maize and Wheat in China 
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0920 Effects of Deep Application of Nitrogen Fertilizer on NO and N 2 0 Emissions from an Andisol 
Hosen, Y. (JIRCAS) et al. 

0940 Mitigating Environmental Impacts Resulted from N Fertilization to a Japanese Andisol Field: Effects 
of Controlled Release Fertilizer and Deep Application of Urea 
Yan, X.Y. (JIRCAS) et al. 

1000 Influence of Soil Physical Conditions and Fertiliser Type on N20 and NO Emissions from Nearly 
Saturated Japanese Soils 

McTaggart, I. (Scottish Agric. College) et al. 

1020 Tea Break 

1040 Major Factors Controlling N 2 0 and NO Emissions from Fertilised Soils 
Tsuruta, H. (NIAES) 

Nitrogen Dynamics in Paddy Soils Chair: Park, Y.-H. 

1100 Nitrogen Balance during Rice Cultivation in Sandy Soil affected by the Fertilizer Management 
Roh, K.A. (NIAST) 

1120 Effect of Nitogen Apllication Scheme on Growth of Rice 
Zhu, J.G. (ISS) 

1140 Nitrogen Mineralization in Paddy Soils of the Chinese Taihu Region under Aerobic Conditions 
Roelcke, M. (Brawnschweig Tech. Univ.) et al. 

1200 Lunch 

1300 Ammonium Transformation in Paddy Soils affected by the Presence of Nitrate 
Cai, Z.C. (ISS) 

1320 Transformation and Balance of Nitrogen in Paddy Soil under Different Chemical Fertilizers Combining 
with Manure Applied in Double-Rice Regions of Southern China 
Xu, M.G. (ISF) et al. 

Mitigation Technologies Chair: Zhu, J.G. 

1340 Increasing Nitrogen Efficiency by Slow Release Fertilizers in Paddy Soils 
Kim, S.-C. and Kim, P.-J.(NIAST) 

1400 Effects of Eow Sulfate Slow Releasing Fertilizer (FSR) on the Growth and Fruits Yield of Tomato Plant 
(Lycopersicon esculentum Mill. Saturn) 

Nakano, A. (NIVOT) et al. 


Recoveries of MEISTER N by Crops in Japan 

Tachibana, M. (Chisso Corp.) et al. 
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Group and General Discussion Chair: Yagi, K. & Cai, Z.C. 


1500 

1515 


Objectives of the discussion 


(at Epochal Tsukuba, Room 202) 


Group discussion 

4 break-out groups will discuss and work on draft plan 
Chairs: Zhu, Z.L. 

Mosier, A. 

Ito, O. 

Ellis, E.C. 

Rapporteurs: Han, Y. 

Maeda, M. 

Hosen, Y. 

Yan, X.Y. 


1630 Group reports and general discussion 

Closing Remarks 

1720 The Nitrogen Cycle and the Environment 

Minami K. (NIAES, Director General) 

1800 Adjourn 
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excursion 


International Workshop 
on Nitrogen Fertilization 
and the Environment 
in East Asian Countries 


Japan/China Project Meeting and Field DaK;7 , 8 , and9Februaly2001 
Excursion 



[©Wednesday, February 7 

Field Tour I 

Visiting JIRCAS experimental field 

Having lunch at Asahi Beer Brewery at Moriya town, Ibaraki Prefecture 
Then going to the foot of Mt. Fuji 
Staying at Hotel Regina Kawaguchi-ko, 

5239-1 Funatsu, Kawaguchi-ko-machi, Minami-tsuru-gun, Yamanashi prefecture 
Phone:+81-555-20-9000, Fax:+81-555-72-2561 


I ©Thursday, February 8 


4th Planning Meeting of Japan/China Pro ject 

Activity 1: Cycles of Major Elements in Agro-Ecosystems in Huang-Huai-Hai Plain and their Controls (ISF-JIRCAS) 
Activity 2: Evaluation of Nitrogen Losses in Agro-Ecosystems in Jing-Jin-Tang Region (ISF-JIRCAS) 

Activity 3: Evaluation of the Environmental Impact of Non-Point Sources in Tai-hu Catchments (ISS-JIRCAS) 
Activity 4: Nitrogen Cycling in Agro-Ecosystems in Tai-hu Region and Strategies for Environmental Sound 
Management (ISS-JIRCAS) 

Activity 5: Development of Farming Systems in paddy fields aimed at Environmental Conservation (ISF-JIRCAS) 


[©Friday, February 9 

Field Tour II 

Visiting Shizuoka Prefecture Tea Experiment Station 

And an Experimental Field of Shizuoka Prefecture Agricultural Experiment Station 
Having lunch at a Tea Park, Greenpia Makinohara, Sagara-machi, Shizuoka Prefecture 
Enjoying Mt. Fuji, then returning to Tsukuba or Narita 
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Message from the Director 


General 


JIRCAS celebrates its fifth anniversary 


Director General 

Dr.Nobuyoshi Maeno 

Five years have now passed since the Tropical Agricultural Research Center (TARC) was reorganized into the present Japan International 
Research Center for Agricultural Sciences. This reorganization was not merely a name change but also considerably widened our research 
activities and the number of partner countries and regions with which we maintain cooperative research programs. 

In these past five years JIRCAS has enjoyed numerous achievements in the field of agricultural science through a variety of successful 
programs. In addition to enlarging and strengthening comprehensive agricultural research, we have also implemented multi-national 
collaborative research programs and developed domestic research by focusing on problems relevant to our international activities. In addition, 
our visiting fellow invitation program at our Sub-tropical Research Station in Okinawa and at our main campus in Tsukuba supports these 
research efforts. New research strategies in conjunction with strong inter-institutional cooperation has also contributed to our outstanding 
research record. Furthermore, JIRCAS recently established two new overseas offices in Beijing, China and Londrina, Brazil as bases for 
regional research activities, complementing our existing office in Bangkok, Thailand. All of the above activities have been made possible 
through the generous allotment of funds from the budgets of various government ministries and agencies and BRAIN (Bio-oriented 
Technology Research Advancement Institution), a government-affiliated, semi-private research institution. 

A map indicating the comprehensive research projects being conducted by JIRCAS throughout the world as of June 1999. 

Through our strong cooperation with international research institutes, such as the Japan International Cooperation Agency (JICA) and those 
affiliated to the Consultative Group on International Agriculture (CGIAR), JIRCAS has received international prestige and attention for its 
activities. The success we have enjoyed is owed solely to the efforts of the people and organizations with which we have excellent 
collaborative relationships. 

Though such problems as food supply instability and environmental degradation are major contributing factors to poverty throughout the 
world, their negative effects are magnified in developing regions. Therefore, international cooperation is urgently needed to solve these and 
other obstacles confronting developing countries. The aim of JIRCAS is to play a leading role in the achievement of this goal. 

Under current Japanese Government administrative and financial reforms national institutions are being reorganized to streamline costs and 
increase efficiency. Although government-affiliated research institutes, like JIRCAS, will become independent administrative corporations, 
the resultant changes will not affect Japan’s resolve to actively participate in and contribute to the international community. In fact, the 
reforms have reaffirmed the necessity of such actions. The importance of JIRCAS and similar research institutes was confirmed in a recent 
national survey concerning basic food and agricultural problems and subsequently delineated in the new law, "The Basic Law on Food, 
Agriculture and Rural Areas," written by the Ministry of Agriculture, Forestry and Fisheries (MAFF). In the law the Japanese Government 
ordered the continuation of agricultural assistance to developing countries; and JIRCAS will be one of the major organs providing the aid. 
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In any organizational form, JIRCAS will not lose focus on its mission to contribute to the 
international community through agricultural research. As JIRCAS grows over the next 10-15 
years, we must continue to play an active role in solving the world’s agricultural problems. To 
do so, we must not simply adhere to current methods of research and management, but develop 
new ones so that we may most efficiently and most advantageously utilize our existing 
resources. In the current discussion of reform programs it is said that it may become possible to 
more independently manage research resources. Therefore, in maximizing this advantage, I 
hope for even greater cooperative efforts between JIRCAS and our partner institutes. 


JIRCAS front entrance 

Note About Annual Report 1998 

In keeping with our recent efforts to highlight JIRCAS activities in particular regions of the 
world, Annual Report 1998 will focus on China. In this year’s issue, detailed descriptions of 
research sites at several Chinese universities and institutions can be found in the section 
entitled "International Research at JIRCAS." When viewed in full, however, JIRCAS activities range widely across the globe. It is our hope 
that the increasingly international scope of research at JIRCAS will be equally evident within Annual Report 1998. 
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HIGHLIGHTS FROM 1998 


@ IMPORTANT NEW DEVELOPMENTS 

During Fiscal Year 1998, the Japan International Research Center for Agricultural Sciences (JIRCAS) witnessed a number of noteworthy 
happenings. One such example is Tanzanian President Benjamin William Mkapa’s visit to JIRCAS in December 1998. Others include the 
production of freshwater fish surimis in China by JIRCAS researchers and the successful development of a heat-tolerant snap bean variety at 
the Okinawa Subtropical Station. We are pleased to highlight these activities and achievements in greater detail below. 

® Highlight #1 : Development of Surimi Made from Freshwater Fish in China 

# Highlight #2 : Inheritance and Physiological Mechanisms of Crop Heat Tolerance and Development of Heat-tolerant Crops 
® Highlight #3 : Visit of Tanzanian President Benjamin William Mkapa to JIRCAS 
® Highlight #4 : Research Meetings and Conferences during Fiscal Year 1998 

Photo .- The Main Bu ilding of JIRCAS in Tsukuba, Japan 


@ NEW RESEARCH COLLABORATION 


Since its establishment in 1993, JIRCAS has consistently sought to expand the depth of its collaborative efforts with research organizations 
and universities in a geographically diverse range of developing countries. In keeping with the JIRCAS mandate, collaborative efforts have 
become increasingly multidisciplinary in their focus and complex in their approach, often involving formal cooperative agreements between 
JIRCAS and foreign governmental entities. During Fiscal Year 1998, JIRCAS proudly initiated a new Memoranda of Understanding (MOU) 
solidifying project ties with the People's Republic of China (PRC). 

♦ Click here for information on the evaluation of plant genetic resources, development of novel breeding materials and their effective 
utilization in China . 


@ ACADEMIC PRIZES AND AWARDS 


♦ For a listing of JIRCAS staff members who have been the recipients of academic prizes and awards during the previous Fiscal Year, 
please click here . 
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Highlight #1: Development of Surimi Made from Freshwater Fish in China 


Highlight #1: Development of Surimi Made from Freshwater Fish in China 



Although the level of ocean fisheries resources is presumed to have reached capacity, aquaculture technology is thought to have great 
potential for expansion and is already serving as a significant source of animal protein. This includes freshwater fisheries resources. China’s 
inland water regions are examples of locations where this technology is being utilized. China’s freshwater fisheries catch has increased more 
than ten times in the last 50 years, reaching more than 10 million tons, equivalent to about 10% of the total world catch. The Food and 
Agriculture Organization (FAO) has forecasted that the freshwater fisheries catch will account for about 25% of the total world catch in 2010. 
However, freshwater fisheries resources lack the diversity of consumption when compared to ocean-based resources because the 
transportation and processing technologies of the freshwater fisheries resources remain behind those of ocean-based resources. 

To address postharvest problems, JIRCAS has initiated research on the development of frozen surimi made from freshwater fish with the 
Shanghai Fisheries University as part of the comprehensive collaborative research project "Development of sustainable production and 
utilization of major food resources in China." Originally a Japanese term, surimi is an intermediate foodstuff with a high potential for free 
productivity of texturized products, such as imitation crab, and a long frozen shelf life. Because surimi is manufactured simply by washing, 
dehydrating, and adding cryoprotectants to minced fish meat, the initial aim of surimi development research was to identify fish species that 
have a high potential for surimi production. 

We carried out studies on the gel-forming properties of surimi made from cultured freshwater fish in China, comparing them with walleye 
pollack surimis, a typical commercial marine fish surimi that accounts for more than 60% of world surimi production. Consequently, we were 
able to determine that the main freshwater fish species of China, silver carp, bighead carp, grass carp, and tilapia can be utilized as raw 
materials for surimi. To appreciate the practical value of these newly developed freshwater fish surimis, we held a tasting party of 
surimi-based products in a Chinese restaurant in Shanghai, and the foods were very popular with the Chinese people ( Photo ), 


We presented the results of our collaborative research at the China-Japan joint workshop entitled "Development of utilization technology of 
freshwater fisheries resources," held at Shanghai Fisheries University, March 25-27, 1999. From our results, the Shanghai Fisheries 
University is now planning the production of freshwater fish surimis and related products with various Chinese administrative prefectures. 

The practical use of fresh water fish surimi will greatly contribute to solving China’s food problems. Confronting the problem of a lack of 
animal protein in their daily diet, developing countries will also be encouraged by this success in China. 
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Surimi products 



Surimi products used in Chinese cooking 
(Photo: T. Hayashi) 
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Highlight #2 : Inheritance and Physiological Mechanisms of Crop Heat Tolerance and 
Development of Heat-tolerant Crops 


Vegetables constitute an important source of human nutrition. In the tropics, however, high temperatures constrain vegetable production 
leading to serious problems of nutritional imbalance in large parts of the region. In Okinawa, for example, winter and spring are the major 
seasons for vegetable production whereas only a few vegetables are produced during summer because of high temperatures. As a result, 
Okinawans are forced to rely on vegetables imported from the Japanese main islands. Development of heat-tolerant vegetables is urgently 
needed in order to solve this problem 

The JIRCAS Okinawa Subtropical Station has been attempting to address the above problem through the development of new heat-tolerant 
vegetable varieties by evaluating and utilizing crop germplasm collected from tropical countries. We utilized snap bean germplasm from 
Southeast Asian countries collected and introduced by foreign research institutions including the International Center for Tropical Agriculture 
(CLAT) and the United States Department of Agriculture (USDA). By screening the germplasm for heat-tolerance (young pod setting under 
hot conditions), we successfully developed a heat-tolerant snap bean variety, Haibushi (literally southern star in the Okinawan dialect). 

This heat-tolerant genotype of Haibushi has spawned further analysis of the heat-tolerance mechanism and comparisons with other 
heat-sensitive genotypes. In 1998, five crop scientists at the Okinawa Subtropical Station began a collaborative study entitled "Inheritance 
and physiological mechanisms of crop heat-tolerance during the reproductive process" in collaboration with BRAIN (Bio-oriented 
Technology Research Advancement Institution). The research program will focus on snap beans and attempt to answer the following 
questions: 1) which stages are the most sensitive to high temperature during the reproductive process? 2) which organs (or tissues) are 
damaged by high temperature? 3) how do tolerant genotypes respond to high temperatures? 4) how is tolerance controlled genetically? and 5) 
how do heat shock proteins function in exhibiting heat tolerance? Through these analyses, we hope to contribute to the further development 
of heat-tolerant crops. 
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Highlight #3: Visit of Tanzanian President Benjamin William Mkapa to JIRCAS 


The President of the United Republic of Tanzania, Benjamin William Mkapa visited Japan in December, 1998 following the Second Tokyo 
International Conference on African Development (TICAD II) held in October, 1998. Since gaining its independence, Tanzania has 
maintained close ties with Japan and continues to receive Japanese technical and economic assistance for development in many areas such as 
agriculture, health, telecommunications and human resources.During his stay in Japan, President Mkapa visited JIRCAS on December 15. 
After a welcoming ceremony, Dr. Nobuyoshi Maeno, Director General of JIRCAS, briefed President Mkapa on current JIRCAS research 
activities, highlighting the collaborative international agricultural research projects which the institute is currently conducting in Asia, Africa 
and Latin America. President Mkapa showed interest in the advanced state of Japanese agricultural research and possible cooperation 
between Japanese and Tanzanian institutions to implement such research activities in Tanzania. After the ceremony and discussion, President 
Mkapa and his group observed the JIRCAS Biotechnology Unit where research on "Improving plant tolerance to environmental stresses by 
gene transfer" is being carried out by the staff of the Division of Biological Resources. 

Photo : President Benjamin William Mkapa of Tanzania visit to JIRCAS in December 1998 

The Tanzanian economy depends heavily on the agricultural sector, accounting for about 60% of the GDP, over 61% of export earnings and 
about 84% of rural employment. The majority of the people (>90%) live in rural areas and are engaged in subsistence farming, with an 
average of 1.2 hectares per household. Although the national population has grown by about 2.8% per annum in the last 10-15 years, overall 
agricultural production has thus far been able to match this growth, and the country is nearly self-sufficient in most food crops, excluding 
drought years. This is a result of horizontal expansion of cultivated area and improvements in productivity of several food and commercial 
crops, such as maize, rice, cotton and tea. However, due to service and industrial sector expansion, the overall share of the agricultural sector 
in the national economy, though significant, has continued to decline over the years. The agricultural sector can become more productive by 
utilizing new technology, taking into consideration the specific agro-ecological and socio-economic environment of various farming 
communities. The National Agricultural and Livestock Research Project (NALRP), has been attempting to establish an efficient, 
cost-effective and sustainable research service capable of developing appropriate technologies for the farming communities. Now in phase II, 
NALRP is initiating prioritized research projects for each agro-ecological zone and crop commodity. Due to the great need for new research, 
many areas are contending to receive such important projects. 

In Africa, JIRCAS is currently carrying out four projects with a variety of international research centers (i.e. ICIPE, ILRI, WARDA and 
IFDC). Many African nations have requested JIRCAS to increase its efforts to review major issues in African agriculture and examine 
possible collaborative research projects in the region. Keeping with this request, JIRCAS endeavors to organize missions to African countries 
whenever the opportunity arises. JIRCAS sent a preliminary mission in March 1999 to Tanzania to clarify its needs and to assess possible 
areas for future collaboration. President Mkapa's visit may mark the beginning of active communication to explore possible cooperation 
between Japan and partners African countries. 
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President Benjamin William Mkapa of Tanzania visit to JIRCAS in December 1998 



http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/intro/6-1.html [10/7/2002 9:32:48 PM] 



^BBp***^ Highlight #4: Research meetings and conferences 


During FY 1998, JIRCAS played proud host to a great number of research meetings, academic seminars, workshops, and conferences. 
Discussion topics ranged from postharvest technology in Asia to sustainable agricultural systems in Thailand, and from cryopreservation of 
tropical plant germplasm to plant signaling. Invited guests included fellow researchers from affiliates of the Consultative Group on 
International Agricultural Research (CGIAR) and other prominent international research organizations, numerous national universities, and 
local experts from China, Malaysia, Vietnam, Thailand, India, the Netherlands, the USA, the Philippines, and many other countries. 

These gatherings provided an important opportunity for JIRCAS researchers to share the fruits of their ongoing projects with one another and 
with their counterparts in other institutions. By the same token, contact with researchers most intimately familiar with local conditions 
enhanced opportunities for learning and influenced the direction of future research. More information on the meetings, seminars, workshops, 
and conferences sponsored by JIRCAS during the previous year can be found under the "Symposia and Workshops" heading within the 
section of this Annual Report entitled "Training and Invitation Programs and Information Events." 
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People's Republic of China 

Evaluation of the plant genetic resources, development of novel breeding materials 
and their effective utilization 

Fiscal Year 1998 witnessed a second Memorandum of Understanding (MOU) between JIRCAS and the China 
National Rice Research Institute (CNRRI). The first, signed August 20, 1997, launched the integrated project 
"Development of sustainable production and utilization of major food resources in China," a collaborative 
research program to investigate rice breeding and effective utilization of genetic resources. Before starting the 
program, it was agreed that genetic resources and breeding materials would be managed by mutual consent in 
both Japan and China because of their designation as indigenous property. 

This agreement was followed by Dr.Cai Hong-Fa's, Director General of CNRRI, visit to JIRCAS during 
February 21-27, 1999. During the visit. Dr. Cai and his staff met with JIRCAS officials, led by Dr. Nobuyoshi 
Maeno, JIRCAS Director General. Based on a JIRCAS-CNRRI MOU, the discussions focused generally on the 
study "Evaluation of plant genetic resources, development of novel breeding materials and their effective 
utilization," and specifically on rice breeding materials relating to the project. At the conclusion of the Chinese 
delegation's visit, the timeline for the above project was set for March 1999 to March 2003. 

Photo : Ceremony in Fuyan Provinece, China at which Dr. Nobuyoshi Maeno, Director General of JIRCAS, and 
Dr.Cai Hong Fa, Director General of CNRRI, signed a Memorandum of Understanding. 

The discussion resulted in several other mutual understandings between JIRCAS and CNRRI, including an 
agreement to mutually supply and utilize breeding materials, to register and mutually utilize breeding materials 
bred within the project framework, and to protect the intellectual property rights of the researchers who have 
developed the new varieties of rice. In addition, the two parties consented to research achievements and new 
breeding materials obtained within the project framework and to resolve any differences in interpretation of the 
terms included in the Meeting Minutes and related matters. In accordance with the MOU and the Meeting 
Minutes, a JIRCAS rice breeder has been dispatched to CNRRI to initiate the research project. 

The combination of advanced technology in Japan with the abundant genetic resources and high yielding 
potential of rice varieties in China will likely lead to the establishment of an efficient methodology to develop 
new, high-yielding, yet environmentally friendly, means of sustainable agricultural production. 
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Academic Prizes and Awards 


JIRCAS is pleased to note that many of its staff members have been the recipients of academic prizes and 
awards from scientific societies and other organizations. The following is a brief summary of a special 
achievement received during the previous Fiscal Year. The Institute is proud to include this award in the 
Highlights of Annual Report 1998. 


Dr. Yukiyo Yamamoto, Senior Researcher in the Environmental Resources Division, received the 
1998 Research Encouragement Award from the Japanese Society of Grassland Science for "Study of 
grassland evaluation and planning methods using regional information." The award is given to a 
researcher as the Society's recognition of the individual's achievement in grassland science and as 
encouragement for successful career evolution. 

Photo : Dr. Yamamoto at the Japanese Society for Grassland Science award ceremony. 


BACK ' 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/intro/HighlightsAcademicPrizes.htm [10/7/2002 9:32:55 PM] 






http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/intro/7-2.html [10/7/2002 9:32:56 PM] 





Administration 


JIRCAS AND THE MINISTRY OF AGRICULTURE, 


FORESTRY, AND 
FISHERIES 




Administration of the MAFF Research Institutes 

The Japan International Research Center for Agricultural Sciences (JIRCAS) is one of twenty-nine research institutes belonging to the 
Ministry of Agriculture, Forestry and Fisheries (MAFF) , the Government of Japan. In this age, in which we have seen remarkable progress in 
advanced fields of science and technology including biotechnology, MAFF's research institutes are playing a key role in the development of 
new technologies to pave the way for further development of the food industry, and promotion of agriculture, forestry and fisheries activities 
in the twenty-first century. MAFF's institutes work in close collaboration with local governments, universities, and private research 
organizations and aim to contribute to the overall prosperity of Japan while making significant contributions to the international community. 

Nineteen of the twenty-nine institutes including JIRCAS are directly overseen by the Agriculture, Forestry and Fisheries Research Council 
(AFFRC), which is a special agency attached to MAFF. The main duties of the AFFRC are overall research planning and coordination, liaison 
and coordination between research and administration, administration and guidance of the institutes, and research assistance to prefectural 
organizations and the private sector. The AFFRC is headed by a chairman, and its advisory members consist of independent university faculty 
members and previous MAFF research institute directors and high officials ( Table 1 ). The remaining ten institutes, which include one institute 
devoted to forestry and nine fisheries research institutes, are also attached to the AFFRC. However, they are overseen by the Forestry Agency 
and the Fisheries Agency, administrative agencies under the direct supervision of MAFF. The overall structure of research at MAFF is as 
shown in Fig. 1 . 

JIRCAS is unique among the twenty-nine research institutes in that it serves as an international research center but is, at the same time, part of 
the MAFF infrastructure. Thus, it is involved in active exchange and collaboration with the other twenty-eight institutes. JIRCAS is located in 
the Tsukuba Science City, which is about 50 km northeast of Tokyo (Fig. 2) . Many other MAFF institutes are also located in Tsukuba, and the 
AFFRC secretariat maintains a Tsukuba office, forming the Tsukuba Institutional Complex. Tsukuba itself is home to numerous other research 
institutes and experimental facilities belonging to other ministries and agencies of the Japanese Government, as well as to the private sector. 

Administration and Research at JIRCAS 

JIRCAS has a current staff of 162, including research scientists and administrators. Thirty-nine of these staff members are located at the 
JIRCAS Okinawa Subtropical Station on Ishigaki Island. JIRCAS is headed by a Director General. The Research Planning and Coordination 
Division oversees seven research divisions which are comprised of the Research Information Division, Biological Resources Division, 
Environmental Resources Division, Crop Production and Post Harvest Technology Division, Animal Production and Grassland Division, 
Forestry Division, and the Fisheries Division, as well as the Okinawa Subtropical Station. The Administration Division is responsible for 
general administrative affairs. The structure of research at JIRCAS is delineated in Fig. 3. 

• Research Planning and Coordination Division 

The Research Planning and Coordination Division in itself does not act as a research division, but rather serves to oversee and support the 
activities of the Research Divisions and Subtropical Station. The Division consists of four sections which are the Research Planning Section, 
the Research Coordination Section, the International Relations Section, and the Publication and Documentation Section. In addition, an 
International Research Coordinator and a Research Information Officer are assigned to the Division. 

In order to promote the implementation of research programs both overseas and in Japan, the first three sections are responsible for the overall 
planning of JIRCAS research projects, dispatching of researchers on long- or short-term bases, implementation of programs for the invitation 
of researchers and administrators, and liaison and coordination with international and domestic institutions and agencies. The Publication and 
Documentation Section is responsible for the collection, classification, and supply of bibliographic materials from both overseas and domestic 
sources, as well as the release of public relations materials. The International Research Coordinator is responsible for overseeing collaborative 
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work in Southeast Asia while serving as JIRCAS's Thai Office Representative. The Research Information Officer develops computer 
information networks and coordinates the exchange of data between JIRCAS and related research institutions. Additionally, the Division 
coordinates the organization of various meetings and workshops including JIRCAS's International Symposia. 

♦ Administration Division 

The Administration Division consists of three sections: the General Affairs Section, the Accounting Section, and the Overseas Support 
Section. The General Affairs Section is responsible for the management of official documents, personnel-related matters, and social affairs 
pertaining to JIRCAS staff. The Accounting Section handles overall accounting, all budgeting, settlements and wage distribution. Lastly, the 
Overseas Support Section is in charge of all matters pertaining to JIRCAS's overseas operations, which includes general international affairs, 
overseas expenditures, and overseas shipments of equipment and materials. 

• Other 

The Okinawa Subtropical Station has its own General Affairs Section which is independent of the Administration Division. Additionally, 
JIRCAS has two field management sections which oversee JIRCAS's experimental fields. The Okinawa Section is directly under the 
Subtropical Station management and the Tsukuba Section is attached to the Crop Production and Postharvest Technology Division. 

Domestic institutional support of JIRCAS international collaborative research 

JIRCAS's main role is to promote sustainable development of agriculture, forestry and fisheries compatible with the preservation of the 
environment in developing regions of the world through integrated, collaborative research programs. In performing this role, JIRCAS aims to 
play an active part in the international community. JIRCAS collaborative projects in developing countries take a multi-disciplinary approach 
by focusing on each country's socio-economic conditions when evaluating and implementing research programs. JIRCAS and local specialists 
carry out "comprehensive research" in an effort to address the region's most pressing agricultural problems. Domestic research at JIRCAS 
facilities in Japan, the JIRCAS visiting fellow invitation program, and strong cooperation with international research institutes all contribute to 
and support these research efforts abroad. 

To orchestrate a project, JIRCAS first systematically collects and analyzes data from a variety of sources including food supply and 
agricultural research in developing regions and then proposes international collaborative research strategies and policies targeting the specific 
needs of a country. In this capacity, by devising comprehensive research and policy proposals, JIRCAS essentially functions as a think-tank. 
Next, JIRCAS utilizes existing technologies, policies, and research to broaden its role into the initiation of research programs to effectively 
confront such pressing matters as sustainable agricultural development, food security, and environmental problems. At present, JIRCAS is 
conducting 8 comprehensive projects around the world including ones in Southeast Asia, China, South America, and Africa. Each project is 
guided and administered by a working group and a project committee, which make on-going adjustments as the project evolves. A JIRCAS 
staff member directs each project and is supported when necessary on short-term bases by researchers from other agriculture, forestry, and 
fisheries institutes. 

JIRCAS maintains over 100 researchers, 40 of which are on long-term research assignments abroad. Once a topic is decided upon, the details 
of the research project, such as its parameters, research aim, and length, are presented and the most suitable researchers are selected. When a 
project requires the long-term assignment of researchers from outside JIRCAS, those scientists participate as JIRCAS staff members for the 
duration of their assignment. JIRCAS staff members and scientists from other research institutions assist JIRCAS-centered research activities 
abroad on short-term bases of usually one to two months. Furthermore, about 40 JIRCAS researchers in Tsukuba, Ibaraki Prefecture and 
Ishigaki Island, Okinawa Prefecture support the international collaborative projects by conducting related domestic research. 

In these ways, JIRCAS international collaborative research projects enjoy great support from the Ministry of Agriculture, Forestry and 
Fisheries' 29 affiliated research organizations and their 2,700 strong research staff. Finally, JIRCAS conducts an Annual Meeting for Review 
and Promotion of Research for International Collaboration in order to ensure each project proceeds smoothly. In this meeting, the previous 
year's activities are evaluated and strategies and goals are set for the coming year's research. 


JIRCAS ANNUAL REPORT EDITORIAL BOARD 

JIRCAS's Annual Report is managed by the Research Planning and Coordination Division and an editorial board formed by staff 
administrators and researchers. In addition to a Chairman and Vice-Chairman, Editors-in-Chief, Advisory Panel, and Editorial Committee, the 
Board receives the participation of a graduate student intern from Harvard University's Regional Studies East Asia Program who Serves as a 
Special Assistant to the Editors -in Chief. 
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Front row: T. Hayashi, M. N. Wilder, R.B. Gates 
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Chairman 


SakueMatSUinotO Former Vice-Minister, Ministry of Agriculture. Forestry and Fisheries 


Advisory 

Members 


lakahaniHatanaka 

President. Society for Techno-Innovation of Agriculture, Forestry , 
and Fisheries 

Tetsuo lino 

Professor of Genetics, Waseda University 

MasatoshiYbshino 

Professor of Meteorology, Aichi University 

Takenori Inoki 

Professor of Economics , Osaka University 

Kazuo Takahashi 

Governor, Yamagala Prefecture 

Aki no ri Suzuki 

Former Vice-President, University of Tokyo 


Current Members of the Agriculture, Forestry and Fisheries Research Council. 
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Fig. I General organization of the research institutes of the Ministry of Agriculture, Forestry and 
Fisheries. 


Twenty-nine research organizations are affiliated to the Ministry of Agriculture. Forestry and Fisheries: 
19 are direerly overseen by the AFFRC; 1 forestry and 9 fisheries institutes are under the administration 
of the Forestry Agency and the Fisheries Agency, respectively. 
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Hokkaido National Fisheries Research Institute (Kushiro)- 


Hokkaido National Agricultural experiment Station (Sapporo) 


Tohoku National Agricultural Experiment Station (Morioka) 
Japan Sea National Fisheries Research Institute (Niigata) 


Hokuriku National Agricultural Experiment Station (Jouetsu) 


Chugoku National Agricultural Experiment Station 
(Fukuyama) 


National Grassland Research Institute (Nishinasuno) 


National Institute of Agro-Environmental Sciences 
National Institute of Animal Industry 
Fruit Trees Research Station 

National Research Institute of Agricultural Engineering 


National Institute of Animal Health 
National Food Research Institute 

Japan International Research Center for 
Agricultural Sciences (JIRCAS) 

Forestry and Forest Products Research Institute 


L National Research Institute of Agricultural Economics (Tokyo) 
-National Research Institute of Fisheries Sciences (Yokohama) 

-National Research Institute of Far Seas Fisheries (Shimizu) 

-National Research Institute of Aquaculture (Nansei) 


National Research Institute of Vegetables, Ornamental Plants and Tea 
(Ano) 


Shikoku National Agricultural Experiment Station (Zentsujl) 


Kyushu National Agricultural Experiment Station (Nishigoushi) 


Jeikai National Fisheries Research Institute (Nagasaki) 


JIRCAS Okinawa Subtropical Station (Ishigaki) 


Fig.2 Location of the 29 research institutes of the Ministry of Agriculture, Forestry and Fisheries. 
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INTERNATIONAL RESEARCH AT JIRCAS 


International collaborative projects at JIRCAS encompass all fields of agriculture, forestry and fisheries and are carried out in collaboration 
with counterpart institutions, including international research centers, national research organizations, and universities. A series of 
comprehensive projects commenced when the Tropical Agricultural Resource Center (TARC), the predecessor of JIRCAS, was restructured 
to create the present institution. These projects are focused on answering the difficult agricultural problems, such as developing sustainable 
agricultural systems, and addressing food supply and environmental problems, which presently confront developing countries. Projects 
combine research in both the natural and social sciences. Within the scope of a project, JIRCAS dispatches long- and short-term researchers 
to the target countries and may also sponsor research-related conferences and workshops with the partner country. In addition to 
comprehensive-type projects, JIRCAS continues to promote specific, focused, unidisciplinary types of projects originally carried out at 
TARC. 


The following section presents recent developments in several ongoing comprehensive projects and, in keeping with this year's focus on the 
People's Republic of China, spotlights important research sites in China where several collaborative projects are currently being pursued. A 
complete jisting of 'c.omprdfehsiye 'ttnd unidiscipli'rtary nrflfeGts undertaken by JIRCAS researchers can be found here. 


s COMPREHENSIVE PROJECTS 

In 1998, JIRCAS was involved in eight comprehensive projects in Vietnam, Thailand, Malaysia, the People's Republic of China, Brazil, 
Indonesia, South America (Brazil, Argentina and Paraguay), and West Africa. These projects have been divided into three classifications, 
"Site-specific Comprehensive Projects," "Country-based Comprehensive Projects," and "Multinational Comprehensive Projects." 

Site-specific comprehensive projects first systematically analyze the agricultural, forestry, and fisheries issues of a specific region through an 
understanding of the relationships between various factors such as natural resources, environment, technology, and administration, and then 
conduct multidisciplinary research addressing the needs of the region. Projects in Vietnam . Thailand . Malaysia , and Indonesia are examples 
of site-specific projects. Country-based comprehensive projects identify the most significant food supply and agricultural problems of the 
partner state and then select several representative research fields and themes in which JIRCAS can best contribute toward the resolution of 
these problems. In addition, these projects promote comprehensive joint research through collaboration with the government of the partner 
state. Both the China and Brazil projects fall under this classification. Multinational comprehensive projects incorporate researchers in many 
fields from a wide region covering multiple countries in a cooperative effort to resolve strategically important issues. The projects in Soum V. 
America (soybeans) and West Africa (rice) are multinational projects. 

Each comprehensive project has a research coordinator in the Research Information Division who assumes the role of project leader, 
organizing and overseeing collaboration among researchers in participating research divisions. During the planning stages of these 
comprehensive projects, socio-economic studies are conducted to identify research priorities in counterpart countries. 

^ Click here to leam about soybean improvement, production and utilization in South America . 

# Click here to leam about the development of sustainable agro-pastoral systems in sub-tropical zones in Brazil . 

^ Click here to leam about evaluation and improvement of regional farming systems in Indonesia . 

# Click here to leam about improving food security through the increase in productivity of rice systems in West Africa . 

^ Click here to leam about the development of sustainable farming systems in Thailand . 

# Click here to leam about the development of new technologies and their practice for sustainable farming systems in the Mekong 
Delta in Vietnam . 

^ Click here to leam about the development of sustainable production and utilization of major food resources in China . 

# Click here to leam about food-chain mechanisms and productivity in brackish water mangrove ecosystems in Malaysia . 
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RESEARCH SITES IN CHINA 

As a part of this year's spotlight on JIRCAS initiatives in China, the following pages detail sites at which JIRCAS researchers are currently 
undertaking projects with Chinese governmental and university researchers. The opening of JIRCAS's China office in Beijing is also 
highlighted in this section. 

♦ Find information about JIRCAS's new Beijing, China Office here . 

♦ Find information about JIRCAS activities at the China National Rice Research Institute (CNRRI) here . 

♦ Find information about JIRCAS activities at China Agricultural University (CAU) here . 
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INTERNATIONAL COLLABORATIVE PROJECTS 

Projects are designated as either comprehensive or unidisciplinary. All projects are handled by the JIRCAS Research 
Divisions. 


nis^nsi 



1994-1998 

Evaluation and improvement of farming 
systemscombining agriculture, animal husbandry, 
and fisheries in the Mekong Delta (Phase I) 

Cuu Long Delta Rice Research Institute (CLRRI) and Cantho 
University (CTU), Vietnam 

1999-2003 

Development of new technologies and their 
practice for sustainable farming systems in the 
Mekong Delta (Phase II) 

Cuu Long Delta Rice Research Institute (CLRRI) and 

Cantho University (CTU), Vietnam 

1995-2001 

Development of sustainable agricultural 
technology in northeast Thailand 

Department of Agriculture, Department of Livestock 
Divelopment, Land Development Department, Asian 
Institute of Technology, Khon Kaen University, Thailand 

1995-1999 

Productivity and sustainable utilization of 
tropical and subtropical brackish water 
ecosystems 

Department of Fisheries (DOF), Forestry Research Institute 
(FRIM), and the Ministry of Agriculture (MOA), University 
of Malaya, Malaysia 

1996-2002 

Comprehensive studies on the development of a 
sustainable agro-pastoral system in the sub¬ 
tropical zone of Brazil 

Brazilian Agricultural Research Corporation(EMBRAPA), 
Center for Tropical Agriculture (CIAT), and JATAK 
International Center for Agriculture Technology, Brazil 

1997-2003 

Development of sustainable production and 
utilization of major food resources in China 

Institute of Agricultural Economics, Institute of Natural 
Resources and Regional Planning, Research Center for 

Rural Economy, China Agricultural University, Institute of 
Soils and China National Rice Research Institute, and the 
Shanghai Fisheries University, People’s Republic of China 

1997-2006 

Comprehensive soybean research project in 

South America (multinational) 

Agricultural Technology Center in Paraguay (CETAPAR), 
Paraguay; Brazilian Agricultural Research Corporation 
(EMBRAPA), Brazil; and the National Institute for 
Agricultural Technology (INTA), Argentina 

1998-2002 

Evaluation and improvement of regional farming 
systems in Indonesia 

Agency for Agricultural Research and Development 
(AARD), Indonesia 

1998-2002 

Improving food security in West Africa through 
increased productivity in rainfed rice systems 

West Africa Rice Development Association (WARDA), 

Cote d'Ivoire 

(B) UNIDISCIPLINARY 

1 Time Frame 

Project Title 

Research Site | 

1995-1998 

Rehabilitation of secondary degraded forest 

Forest Research Institute Malaysia (FRIM), Malaysia 

1995-1998 

Improvement of technologies for raising small 
livestock in the tropics 

Malaysia Agricultural Research and Development Institute 
(MARDI), Malaysia 

1995-1998 

Ecology and control of insect pests in reforested 
areas at Luasong Forestry Center, Tawau 

Sabah Forest Research Institute Malaysia (FRIM), Malaysia 

















1995-1998 

Methods of soybean cultivation in cropping systems 
with low pesticide input in Indonesia 

Research Institute for Legumes and Tuber Crops (RILET), 
CRIFC, and the Agency for Agricultural Research and 
Development (AARD), Indonesia 

1995-1999 

Biorational approaches to long term and sustainable 
management of desert locusts in east and northeast 

International Center for Insect Physiology and Ecology (ICIPE), 

1996-1998 

An explanation of the ecology and methods for control 
of weeds in direct seeded rice cultivation in Malaysia 

Malaysia Agricultural Research and Development Institute 
(MARDI), Malaysia 

1996-1998 

Improvement of logging techniques in hill dipterocarp 
forests 

Forest Research Institute Malaysia (FRIM), Malaysia 

1996-1999 

Development of effective water management in paddy 
fields in the dry season 

International Irrigation Management Institute (UMI), Sri Lanka 

1996-2000 

Development of technology for sustainable 
management of grasslands in Central Asia. 

Kazakh Institute of Agriculture, Republic of Kazakhstan 

1996-2000 

Afforestation technology for useful tropical tree species 
and the development of related research 

University of the Philippines at Los Banos, Philippines 

1997-1998 

Early interactions between Theilelia parva and bovine 
immune cell populations 

International Livestock Research Institute (ILRI), Kenya 

1997-1999 

The role of local people in the degradation and 
rehabilitation of tropical forests 

International Center for Research in Agroforestry (ICRAF)-South 
East Asia, Indonesia 

1997-1999 

Improvement of high-yielding wheat varieties through 
biological procedures 

International Maize and Wheat Improvement Center (CIMMYT), 
Mexico 

1997-1999 

Studies on technology for sustainable production in 
closed coastal zones 

Kasetsart University, Thailand 

1997-1999 

The development of methods for the use of under¬ 
utilized timber resources in the tropics 

School of Industrial Technology, Universiti Sains, Malaysia 

1997-2001 

Development of diagnosis and prevention technology 
for shrimp viral diseases 

Fisheries Research Institute (FRI), Malaysia 

1998-2001 

Development of technology for water distribution 
management for large scale paddy fields in tropic 

monsoon area 

Muda Agricultural Development Authority (MADA) and 
Malaysian Agricultural Research and Development Institute 
(MARDI), Malaysia 
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VIETNAM: 

Comprehensive Project on the Development of New Technologies and their Practice for Sustainable 
Farming Systems in the Mekong Delta 

Although this project conducted with Vietnamese institutes was JIRCAS's first foray into collaborative research projects, the recently 
concluded project, "Evaluation and improvement of farming systems combining agriculture, animal husbandry, and fisheries in the Mekong 
Delta," ran smoothly from its initiation in 1994 owing to the efforts of long- and short-term visiting researchers and counterpart scientists, as 
well as to strong organizational cooperation. As Phase I of the project, the research provided the foundation for Phase II, entitled, 
"Development of new technologies and their practice for sustainable farming systems in the Mekong Delta." Results obtained under Phase I 
of this project relate to the following topics: 1) characterization of the natural and social conditions of typical Mekong Delta agriculture; 2) 
clarification of primary technological structures of some farming systems; 3) demonstration of possible improvements in rice cropping, pest 
management, hog raising and aquaculture; 4) clarification of the primary structure of farming households; and 5) presentation of possible 
directions for future farming system development. Though some of these results had already been obtained by Vietnamese scientists, many 
were new achievements in this project. Research has been presented not only as individual papers but also as co-published monographs. 

Results from this project may be considered as an analytical study of existing farming systems in the Mekong Delta and as a first step in 
conducting interdisciplinary research. Since the significance of this interdisciplinary project is its role within an overall research framework 
designed to achieve concrete goals, the next research project will examine and evaluate farming systems with newly developed technologies 
and regimes in order to achieve sustainability in a variety of ecosystems in the Mekong Delta. 

The themes of Phase II of the project are as follows: 1) Development of new technologies for farming systems in the Mekong Delta; three 
components of farming systems - rice cropping, hog raising, and aquaculture - will be studied in order to increase efficiency, lower costs and 
reduce pollution in combined farming systems. 2) Farm management and the functions of farmers' organizations; since farming systems are a 
reflection of natural and social conditions of a region, geographical effects on salt-affected areas and acid-sulfate soil areas, as well as 
irrigated areas, will be studied. The possibility of establishing farmers' organizations responsible for such services as crediting and delivery of 
goods will also be studied. 3) Evaluation of sustainability of newly developed farming systems; new farming systems will be proposed and 
the cycling of nitrogen and other materials in agro-ecosystems will be assessed. General assessment of the agricultural economy and 
sustainability will be carried out as well. 

To be conducted over a 5 year period (1999-2003), the comprehensive research should achieve the following results: 1) new technologies for 
rice cropping, hog raising and aquaculture will be developed to make farming systems complete as production systems; 2) new farming 
systems with developed technologies will be proposed for differing ecosystems within the Mekong Delta; 3) new farming systems will be 
examined and evaluated for their sustainability on the bases of material cycling and agricultural economy. Our Vietnamese counterpart 
institutes, Cantho University (CTU) and Cuu Long Delta Rice Research Institute (CLRRI), will be responsible for the organization of the new 
project. 
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CHINA: 

Comprehensive Project on the Development of Sustainable Production and 
Utilization of Major Food Resources 

JIRCAS officially inaugurated its first comprehensive research project with the national government of 
the People's Republic of China (PRC) on May 28, 1997, with the signing of a memorandum by 
representatives from JIRCAS, the Japanese Agriculture, Forestry and Fisheries Research Council 
(AFFRC), and the Chinese Ministry of Agriculture (MOA). The Memorandum of Understanding 
commits the institutions to a collaborative research program spanning seven years. 

The comprehensive project aims to develop technologies for sustainable production and utilization of 
major food resources in China. Such resources, including rice, soybeans, com, and freshwater fish, will 
become increasingly important as economic development strengthens the purchasing power of ordinary 
Chinese citizens and enhances their concern for dietary nutrition. 

On June 10, 1998, JIRCAS celebrated the opening of its Beijing Office. Composed of a variety of 
research fields, ranging from the social to the natural sciences, the comprehensive research project 
involves 10 research institutes of the People's Republic of China, 8 research institutes of MAFF 
including JIRCAS, and several prefectural research institutes. The newly opened Beijing office will play 
a pivotal role in facilitating and promoting this and future Japan-China research collaboration. 

A report entitled " Who will feed China? Wake-up call for a small planet" (L. Brown, The World Watch 
Institute, 1995) provided the initial impetus behind concerns about the future of China's food supply. In 
response, many Chinese and foreign researchers have made analyses and projections regarding food 
supply problems in China, focusing their studies primarily on the grain sector. These reports reveal little 
agreement on future scenarios for food production and demand, most likely due to differences in 
underlying assumptions, data, and estimation processes. Nevertheless, there exists sufficient consensus 
that food demand will increase continuously during the next three decades and that available supplies 
will not meet this demand. Consequently, rising demands for imported foodstuffs will likely occur. 

The major factors inhibiting agricultural production increases in China include the area of arable land, 
the poor quality of farmland, the weak response of soils to fertilizer, and the small-holder structure of 
private Chinese farms. In the process of rapid economic growth, it is inevitable that more farmland will 
be put toward non-agricultural uses. New efforts to reclaim land and recent increases in crop indices do 
not seem to have halted the trend toward declining levels of land under cultivation. Moreover, crop yields 
in China remain significantly lower than in advanced industrial countries. 

At the same time, major factors influencing food demand will include the expansion of the population, 
changes in the structure of Chinese society due to rural-urban migration, the growth of income, 
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alterations in the prices of agricultural products, and the persistence of poor infrastructure. Due to the 
inevitable shrinkage of agricultural resources and the natural, structural, financial, and economic 
constraints on yield potentials, demand for food in China will continue to rise even as agricultural 
production fails to keep pace. 

In light of these trends, this project marks an attempt to develop an effective production and distribution 
system for food resources in order to cope with changing structures for the supply and demand of 
agricultural products. Efforts to achieve this objective will require not only an evaluation of the 
dissemination of new technologies in selected areas and their economic impacts on rural areas and 
individual farmers, but also modeling for the supply and demand of food resources in selected areas, 
analysis of the structure of corresponding farming areas and agricultural products, and design of more 
effective control systems also will be required to improve food supply and demand in selected areas. 

Joint workshops by JIRCAS, the Institute of Agricultural Economics, and the Chinese Academy of 
Agricultural Sciences (CAAS) were held on food supply-demand and dissemination of new agricultural 
technologies in China on November 26, 1998, at JIRCAS. A follow-up workshop was held in Beijing on 
March 12, 1999, to report the progress of this project and to elucidate and evaluate current research on 
the dissemination of new agricultural technologies. 

In addition, the project seeks to generate technologies for the sustainable and stable production of major 
food resources. Toward this end, project participants intend to evaluate existing genetic resources, create 
new species, and develop and evaluate environmentally sensitive agricultural technologies. On the 
evaluation and development of the methods for sustainable agriculture and environmental conservation, a 
second planning workshop was held on March 23-25, 1999, in Beijing (Photo) , jointly by JIRCAS, the 
Institute of Soils and Fertilizers, CAAS, and the Institute of Soil Sciences of the Chinese Academy of 
Science. Finally, the project aims to develop food technologies that will enhance the utilization and 
distribution of major food resources. These efforts will include evaluating the quality of major food 
resources, developing new food ingredients, and improving preservation and distribution technologies for 
major food resources. The results from the study on the development of new technology to utilize and 
process freshwater fish meat were presented in the first joint workshop between JIRCAS and Shanghai 
Fisheries University, March 25-27, 1999, in Shanghai. 
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BRAZIL: 

Comprehenive Project on the Development of Sustainable Agro-pastoral Systems in Sub-tropical 
Zones 

Initiated by JIRCAS in 1996, the project entitled "Comprehensive studies on the development of 
sustainable agro-pastoral systems in the subtropical zone of Brazil" is another South America-based 
research program. By emphasizing land utilization through the adoption of crop-pasture rotation systems, 
this project focuses on the development of highly productive, sustainable farming systems in the 
environmentally degraded areas of Brazil's sub-tropical zone. Current research involves collaborative 
efforts from CNPGC (National Research Center for Beef Cattle), EMBRAPA , and JATAK (International 
Center of Agricultural Technology). In cooperation with JIRCAS, these institutes are conducting 
research on four themes, including analysis and evaluation of indigenous and traditional land utilization 
systems for agriculture, multidisciplinary studies on the adoption as sustainable crop-pasture rotation 
systems, socio-economic evaluation of crop-pasture rotation, and newly developed agro-pastoral 
systems. 


Photo : Experimental field for the study of agro-pastoral systems at CNPGC (National Research Center 
for Beef cattle), Campo Grande, Brazil. 
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SOUTH AMERICA : 

Comprehensive project on Soybean Improvement, Production and Utilization 

The soybean, Glycine max, is considered to be one of the principal crops for human sustenance. 

Soybeans provide a major source of food, oil, and protein-rich livestock feed. Production of this valuable 
crop has increased rapidly in the past three decades in comparison with that of rice, wheat, com, and 
other major grains. Encouraging the continuation of this trend may aid efforts to stabilize the world food 
supply. 

At present, Brazil, Argentina, and Paraguay (MERCOSUR countries) account for approximately 
one-third of global soybean production, placing them among the leading soybean export countries. 
However, soybean production in South America has often been carried out under environmentally 
vulnerable conditions in arid, acid soils characterized by low-fertility. Of additional concern, the history 
of soybean cultivation in these areas is relatively short, giving rise to concerns that continuous cropping, 
pest and disease outbreaks, and soil erosion may adversely affect future soybean production. 

Comprehensive, multinational research efforts focused on the development of sustainable and more 
efficient systems of soybean production in South America can be considered an important means of 
addressing these constraints. 

The JIRCAS research project entitled "Soybean improvement, production and utilization in South 
America" marks a new initiative by the institute to promote multi-disciplinary studies on soybean 
production and utilization in MERCOSUR countries through collaborative research linking Japanese and 
South American specialists. The project involves collaboration with several South American research 
institutes, including those affiliated to EMBRAPA (The Brazilian Agricultural Research Corporation, 
Brazil) , MAG (Ministry of Agriculture and Livestock, Paraguay) and INTA (National Institute of 
Agricultural Technology, Argentina), as well as JICA/ CETAPAR (Japan International Cooperation 
Agency - Centro Tecnologico Agropecuario en Paraguay). This comprehensive project complements 
earlier efforts in the field by focusing research in five areas: genetics and breeding, soil management and 
pest control, crop management and production, post harvest technology, and socio-economic factors. 
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WEST AFRICA: 


Comprehensive Project on Improving Food Security through Increased 
Productivity in Rainfed Rice Systems 

Demand for rice in sub-Saharan Africa is growing faster than that for any other major food staple, with 
consumption broadening across all socio-economic classes, including the poor. Rapid demographic 
expansion and urbanization in Africa has changed food preferences from traditional food-stuffs to more 
easily prepared rice and bread. These patterns are especially evident in West Africa where the 
substitution of rice for coarse grains and traditional root and tuber crops has fueled rice demand at an 
annual growth rate of 5.6% between 1961 and 1992. 

Rice is no longer a luxury food. The poorest urban households in West Africa obtain larger shares of 
their cereal-based calories from rice than do higher income households, and rice purchases represent a 
greater share of their total cash expenditures. Rice availability and rice prices directly impact the welfare 
of the poorest West African consumers who are the least food secure. 

Increased rice production in Africa is hampered by a number of constraints, including disease and pests, 
weed infestation, inadequate water management, soils with low fertility, lack of suitable varieties, and 
socio-economic factors. To address these problems, JIRCAS initiated a 5-year collaborative research 
project with the West Africa Rice Development Association (WARDA) in April, 1998. The project aims 
to develop and distribute rice cultivars which are well suited to local socio-economic conditions, 
technological levels, and farming practices, with a special focus on resource-poor farmers in the region. 
Two JIRCAS scientists have been dispatched to the Upland Rice Program and Policy Support Program 
of WARD A to carry out the following research: 1) genetic and eco-physiological characterization of 
indigenous rice varieties and inter-specific progenies (Oryza glaberrima x Oryza sativa), with emphasis 
placed on tolerance to drought and acid soil conditions, and 2) studies on socio-economic aspects in 
relation to the sustainability of lowland rice cultivation in West Africa. 
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Comprehensive studies on sustainable agricultural systems in northeast Thailand 

The agricultural environment in northeast Thailand is characterized by the alternation of a rainy season followed by a half-year dry season 
and the wide distribution of infertile sandy and saline soils. Due to these disadvantageous agricultural conditions, the region is not 
economically blessed. Farmers in the region have been planting rice as a cash crop on rain-fed paddy fields since the 1960s when farmland 
was extensively expanded through deforestation. Recently, areas used for the harvesting of sugarcane have expanded rapidly as has the 
breeding of large-sized ruminants. Demands for milk and meat are expected to increase along with the country's recent high economic 
growth. 

Deforestation and the expansion of saline soils have changed the hydrolic environment. In particular, soil erosion and deterioration of soil 
fertility in cassava fields have resulted in decreased productivity. Cash crop profitability is also waning due to the depression in the market 
price of agricultural products. 

In order to promote agriculture in the region, it is necessary to maintain an environment favorable to reforestation and to utilize water 
resources effectively. At the same time, it is also necessary to shift the agricultural system from one which is dependent on a few cash crops 
to a sustainable agricultural system in which local resources are utilized much more effectively. This collaborative project is focused on areas 
of rain-fed paddy fields in northeast Thailand and is aimed at developing technologies in rice and field crop harvesting, vegetable and fruit 
cultivation, the livestock industry and sericulture, as well as attaining sustainable agricultural systems that combine farming and animal 
husbandry. 

Photo : Mechanization in crop tending in Thailand 

Photo : Non-tillage seeding exhibited an advantage in weed control through pre-seeding herbicide treatment in Thailand 

In this project, JIRCAS is focusing on farmers who are eager to diversify agricultural production. Research concerns such topics as: 1) labor 
reduction through the introduction of direct seeding in dry paddy fields, 2) the introduction of profitable and durable vegetables and forage 
crops in upland field farming, 3) full utilization of regional resources in order to supply livestock forage on a year-round basis 4) the 
introduction of small-sized machines in order to improve working efficiency, and 5) the improvement of the hydrolic environment by 
constructing reservoirs and afforestation. Other research focuses on evaluating the material cycle of organic and inorganic components in 
crop and livestock production, improving the quality of agricultural and livestock products, and evaluating managerial and economic 
activities. Complete activities, which comprise 5 main themes are summarized as follows: 

I. Evaluation and effective utilization of environmental and biological resources in the area 

1. To evaluate characteristics of agricultural conditions based on topography, water and soils and apply the information obtained to proper 
utilization of land. 

2. To clarify the circulation nutrients in the use of organic and inorganic components and to indicate guidelines for the effective use of 
organic compounds. 

3. To evaluate the durability of circulation of materials under the proposed "sustainable agricultural system" 
n. Development of sustainable crop production systems 

1. Profitable rice cropping: reduction of labor and mechanization by direct sowing on dry paddy fields and subsequent efficient utilization of 
materials for production purposes. 

2. New utilization of sugarcane: development of various technologies including cultivation of sugarcane for use as whole forage crop and 
cultivation with minimum inputs of nitrogen fertilizer. 

3. Profitable cultivation of vegetables: clarification of the effectiveness of silviculture in farmland and alley cropping and to development of 
water-saving technology for the cultivation of marketable vegetables as well as legumes and potatoes. 

4. Development of practical utilization methods of organic fertilizer using livestock excreta. 

III. Improvement of feeding management using locally available feed resources 

1. To develop technology for animal feed production by making use of local resources. 
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2. To develop technology for breeding cows for dairy or meat production using local fodder resources. 

IV. Development of postharvest technologies for local agricultural products 

1. Improvement of rice quality/development of preservation technology 

2. Establishment of quality evaluation procedures for dairy and meat products and improvement of conditions for distribution. 

V. Economic evaluation of multi-cropping and livestock farming 

1. To evaluate energy conservation and profitability in rice production. 

2. To evaluate profitability by clarifying external conditions for introduction of highly productive agricultural products such as vegetables. 

3. To evaluate profitability of dairy products along with introduction of new forage crops. 

4. To evaluate managerial and economic aspects of multiple farming systems based on the introduction of new crops and improvement of 
cropping systems. 

This project has thus far achieved a number of beneficial results. In the field of biological resources, the usefulness of newly introduced 
cow-pea and sweet potato varieties were evaluated. Sugarcane genes, including those of wild sugarcane, collected from various regions in 
Thailand were studied in order to improve yield. It was determined that sugarcane and pineapple fix atmospheric nitrogen and that future 
cultivation of these crops can be accomplished by decreasing the amount of nitrogen. The above findings are useful for the establishment of 
sustainable agricultural systems in this region. 

In an effort to develop a sustainable agricultural production system, the proper interval of planting leguminous trees for alley cropping was 
determined and a mechanized working system suitable for the region was also investigated. Moreover, the possibility of introducing direct 
sowing of rice on dried paddy fields was studied. By studying drought-resistant tropical pastures, developing methods for silage preparation, 
and evaluating the nutritional characteristics of grass pasture, leguminous pasture, feed trees and sugarcane, considerable progress was made 
in this project from the point of view of improving the utilization of animal resources. We also clarified the metabolizable energy and protein 
requirements for the maintenance of locally utilized ruminants. 

On the postharvest technology research front, the flavor component of Khao Dawk Mali, one of the most important rice varieties in northeast 
Thailand, was quantitatively analyzed using a 0.5 g rice sample. By developing a process to identify rice varieties using DNA it became 
possible to determine rice mixing rates. 
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MALAYSIA : 

Comprehensive Project on Productivity and Sustainable Utilization of Brackish 
Water Mangrove Ecosystems 

There is presently wide public and scientific concern to achieve a fuller and more effective understanding of all 
of Earth's natural ecosystems. For that objective to be realized with tropical mangrove systems will require 
undiminished effort throughout the present decade and probably well into the next century, because our 
understanding of mangrove forests lags behind that of many other ecosystems. Nevertheless, as will be seen from 
the several reports, great advancements have been made during the last decade, particularly in understanding the 
structure and function of mangrove ecosystems in the Indo-Pacific region. 

Many human communities have a traditional dependence on mangroves for their subsistence and a wide range of 
natural products from mangroves is presently utilized. For some time, however, there has also been exploitation 
of mangrove resources for broader economic objectives, e.g. forestry. Harvests of that kind, when well-managed, 
are probably sustainable in the long term as evidenced by the continued high yield of timber products and 
charcoal from the Matang Mangrove Forest in Malaysia. On the other hand, some other forms of exploitation, 
often for short-term gain, can be irreversibly destructive. Clear felling of virgin forests for wood chips and paper 
pulp is a notable example. The conversion of mangrove forests for mariculture ponds on large scale, 
notwithstanding the recovery of fishery products, is also, of course destructive of the native forests and, at least 
in practical terms, irreversible. Reclamation of mangrove forests for agricultural, industrial, urban and other 
forms of land-based development is also increasing and causing irreversible damage in coastal regions 
throughout the tropics. Such impacts, not to mention the additional burdens of pollution and changes in 
hydrological regimes caused by freshwater diversion projects, have adverse effects not only on subsistence 
dwellers in and near mangrove habitats, but also on other members of society, who depend indirectly on intact 
coastal resources. A consequence of this has been greater public concern for coastal lands, including mangrove 
forests, and increased research and management effort throughout the tropics. 

In order to better understand the functions of these valuable ecosystems, JIRCAS has initiated a collaborative 
research project on the productivity and sustainable utilization of brackish water mangrove ecosystems in 
cooperative with leading Malaysian scientists. The project covers a five-year period from 1995-2000 and 
prioritizes four principal research topics, including production and decomposition processes in differential 
brackish water mangrove ecosystems, nutrient flux from rivers to coastal ecosystems, energy flow and carrying 
capacity in differential brackish water mangrove ecosystems, and socio-economic evaluations of brackish water 
mangrove ecosystems. Research touching upon issues in fisheries is now being conducted in collaboration with 
the Fisheries Research Institute (FRI) and the University of Malaya (UM) . 

At present, three research sites in Peninsular Malaysia have been selected for the project. The Matang Mangrove 
Forest in Perak State is located within a forest reserve measuring 40,711 hectares. The area consists of numerous 
islands and adjacent water ways and is populated primarily by Rhizophora apiculata trees. Under sustainable 
management since the early part of the century, Matang Mangrove Forest is reputed to be the world's best 
managed mangrove forest. As such, it will provide a valuable location for analyzing the role of fish populations 
in mangrove ecosystems. In contrast, disturbance through partial deforestation characterizes Merbok Mangrove 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/overview/lnternationalResearch-MALAYSIA.htm (1 of 2) [10/7/2002 9:33:51 PM] 




I nternational Research-MALAYSI A 

Forest Reserve in Kedah State. The loss of mangroves continues due to the persistence of destructive land uses, 
especially the conversion of mangrove areas into shrimp culture ponds. The third site, the Lumut Mangrove 
Forest has experienced much more extensive deforestation. Surveys conducted between 1997 and 1998 in the 
Selinsing River of the Matang Mangrove indicate the presence of a certain C-N isotopic ratio gradient. This 
finding suggests the presence of a food pathway that begins with leaf-based detritus in the mangrove, continues 
upwards to herbivorous shrimp and crab species, and culminates in carnivorous fish and squid. In other words, 
series of trophic relationships is fulfilled in the Matang brackish water mangrove ecosystem. 

Additional research comparing populations of larval and juvenile anchovies, Stolephorus spp., at the research 
sites indicates population densities at least 1.5 times greater in the intact brackish water mangrove ecosystem at 
Matang than those in the disturbed ecosystem at Merbok. Biomass at Matang also measured 4.3 times higher 
than that in the Merbok Mangrove. These results confirm our assumptions that the undisturbed nature of Matang 
Mangrove would generate much higher levels of productivity for larval and juvenile anchovy, when measured as 
the product of biomass and daily growth rates calculated through otolith ring analysis. 



We have presented the results of these and other studies conducted during the past four years in an annual 
seminar held under the auspices of the comprehensive project. Two seminar proceedings have already been 
published. As a result of these studies, integrated criteria on tree and aquatic production under suitable forest 
management can now be standardized. Information obtained in this project will be useful to scientists in many 
fields in their efforts to improve techniques for the sustainable utilization of brackish water mangrove 
ecosystems, benefiting local residents as well as policy makers. 
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INDONESIA : 

Comprehensive Project on the Evaluation and Improvement of Regional Farming 
Systems 

Agricultural production in Indonesia varies greatly from location to location, depending on the natural 
environmental and socio-economic conditions of each locale. For instance, rapid economic growth, 
industrialization, and urbanization on Java Island has exacerbated gaps between cities and villages and 
fundamentally altered the social and economic conditions of rural areas. On the outer islands, generally poor 
living conditions reflect the slow pace of economic development and the lack of suitable technologies with which 
to overcome the difficulties of resource exploitation. 

Most agricultural research in Indonesia has been focused on lowland farming systems based on the cultivation of 
rice. This focus, when combined with the effects of other governmental programs to aid rice farmers, allowed 
Indonesia to achieve its national goal of self-sufficiency in rice by 1984. However, upland crop areas have 
benefited little from new agricultural techniques in spite of the many research projects that have targeted upland 
or rainfed lands. Consequently, upland agriculture remains much less developed than lowland agriculture 
throughout the country. Thus, in addition to the recent shortfalls in rice production in these areas, food crop 
production enhancement in both lowland and upland areas has become the principal target of agricultural 
research and development in Indonesia. 

Photo : A sampling of vegetables grown locally in Indonesia. 

The comprehensive research project entitled "Evaluation and improvement of regional farming systems in 
Indonesia" aims to shed light on socio-economic and technical evaluations of past and present farming systems 
research practices and extension in Indonesia. A bottom-up participatory process and an emphasis on 
multi-disciplinary approaches to problems characterize a "farming systems research approach." The project 
commenced in April, 1998 and is scheduled to last for five years. The collaborating research institutes of 
Indonesia include the Center for Agro-Socio Economic Research (CASER), the Research Institute for Legume 
and Tuber Crops (RILET) of the Central Research Institute for Food Crops (CRIFC), and other organizations 
under the Agency for Agricultural Research and Development (AARD) of the Ministry of Agriculture of the 
Republic of Indonesia. 

Current research activities include 1) a study on the farmer-state linkages in upland farm development, 2) 
evaluation of Indonesian soybean varieties for the processing and improvement of traditional fermented foods, 
and 3) analysis of physical environmental resources using remotely sensed data and GIS for the evaluation and 
improvement of regional farming systems. JIRCAS recently initiated the third project in collaboration with 
CASER and the Center for Agroclimate Research (CSAR). 

Attempting to deepen the understanding of past and present farming systems research activities, JIRCAS-CASER 
held an international workshop titled "Learning from farming systems research experiences in Indonesia" in 
Bogor, Indonesia, March 3-4, 1999. The workshop emphasized the importance of the newly established 
Assessment Institute for Agricultural Technology (AIAT) in its role to develop and apply new agricultural 
technologies suitable to farmers engaging in upland agriculture. 
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Although various vegetables are available in Indonesia, 
they are mainly produced on a small-scale and marked 
locally. 
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JIRCAS Opens China Office 


On June 10, 1998, the JIRCAS Beijing Office was officially opened in the Beijing Friendship Hotel, 
located in the northwestern district of Beijing and near the Chinese Academy of Agricultural Sciences 
(CAAS). 

Photo : Dr. Ikegami, Head ofJIRCAS's China Office. 

The opening ceremony was held in the hotel's Friendship Palace room. Sixteen Japanese guests, 
including Mr. Sakue Matsumoto, Chairman of the Agriculture, Forestry and Fisheries Research Council 
(AFFRC), Ministry of Agriculture, Forestry and Fisheries (MAFF), Mr. Toshiaki Namba, Director of the 
International Research Division, Secretariat for AFFRC, MAFF, Dr. Nobuyoshi Maeno, Director General 
of JIRCAS, and members of the Embassy of Japan and the Japan International Cooperation Agency 
(JICA) , attended the ceremony. The Chinese delegation included Mr. Lu Ming, Vice-Minister of the 
Ministry of Agriculture (MOF), Prof. Lu Feijie, President of CAAS, Prof. Mao Darn, President of China 
Agricultural University, Mr. Wang Wenzhe, President of the China National Food Industry Association 
and Mr. Gan Zuofu, Minister-Counselor of the Embassy of the People's Republic of China. 

The Office plays an important role in coordinating collaborative research projects between JIRCAS and 
China. It has established close connections with MOF, CAAS and other research organizations in China 
and has received over 100 guests from JIRCAS, other research institutes of MAFF and other 
organizations in the first year of its establishment. The Office will contribute to further promotion of 
Japan-China agricultural cooperation. 
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China National Rice Research Institute: 


A national research center for rice sciences and 
technologies 

A Chinese proverb states "Food is God for the people." Rice is the most important staple food crop in 
China, with approximately 19.5 billion tons of rice being harvested in roughly 30 million ha of paddy 
fields each year. China accounts for 37% of world rice production, and 23% of the world's rice land. 
Inaugurated in 1989 as a national research center for rice sciences and technologies to contribute to rice 
self-sufficiency, the China National Rice Research Institute (CNRRI) was authorized by the Chinese 
State Council in 1981 under the financial and academic support of the World Bank, UNDP, the 
Rockefeller Foundation and the International Rice Research Institute (IRRI). One of China's largest 
agricultural research institutions, the CNRRI is directly affiliated to the Ministry of Agriculture, but is 
also partially under the control of Zhejiang Province. The Chinese Academy of Agricultural Sciences in 
Beijing has supervised CNRRI research activities since 1996. Since its inception, CNRRI has maintained 
its principle of "Basing the foothold in Zhejiang Province, keeping in mind the whole country and in 
view the whole world." CNRRI is located in Fuyang Basin, about 40 km southwest of Hangzhou City, 
Zhejiang Province. Lying along the Fuchunjiang River, the Fuyang Basin is a rice-dominated agricultural 
area, where both indica and japonica rice are planted under sub-tropical monsoon climatic conditions. 

An integrated research institution, CNRRI projects are multi-disciplinary incorporating rice science and 
technology and are supported by the administrative and farm operation sections. Four Deputy Directors, 
each under the CNRRI Director General, head these two sections, along with CNRRI's enterprise and 
research sections. CNRRI is supervised and evaluated by a Board of Tmstees and Academic Advisory 
Committee. The major tasks of CNRRI are summarized as follows: 

1. Collection, conservation, evaluation and utilization of rice germplasm resources. 

2. Improvement of rice varieties and high-yielding technologies, and increase of profitability of rice 
agriculture. 

3. Planing and coordination of national rice research projects, and promotion of international research 
collaborations. 

4. Exchange and extension of scientific and technological information on rice agriculture, training and 
education of research personnel, and publication of rice research articles. 

Two hundred-fifteen research staff including about 70 senior researchers (with doctoral and master 
degrees or the equivalent) work at CNRRI supported by about 45 post-graduate research fellows from 
universities and other institutions. There are 7 research departments: 1) Breeding and Genetics, 2) 


http://ss.jircas.affrc.go.jp/engpage/annualreport/19...onalResearch-ChinaNationalRiceResearchlnstitute.htm (1 of 2) [10/7/2002 9:33:59 PM] 


InternationalResearch-ChinaNationalRiceResearchlnstitute 


Germplasm Resources, 3) Biotechnology, 4) Plant Protection, 5) Agronomy, 6) Plant Physiology and 
Soil Chemistry, and 7) Agricultural Economy and Information. Each department consists of 3 to 5 
research groups, with each group containing one senior and several junior researchers. 

At present, JIRCAS is the only foreign institute that dispatches scientists to CNRRI for long-term 
research collaboration. This collaboration was initiated in 1992 based on an agreement established at the 
10th Meeting (1991) of the Japan-China Agricultural Science and Technology Exchange Group. The 
Tropical Agriculture Research Center (TARC: forerunner to JIRCAS) and the General Station of Plant 
Protection (currently the National Agro-Technical Extension and Service Center, GSPP) agreed to a 
collaborative research project on "Long range migration of rice plant hoppers in the monsoon area of 
East Asia" with the Chinese Ministry of Agriculture and CNRRI. Ending in January 1997, TARC 
(JIRCAS) and CNRRI entomologists from the project clarified basic patterns of monsoon-dependent 
migrations of rice planthoppers from northern Vietnam to Japan through China. 

Diagram : CNRRI-JIRCAS Cooperative Research Unit 

At the 16th Meeting of Japan-China Agricultural Science and Technology Exchange Group, the 
Ministries of Agriculture of both countries signed a comprehensive agreement for a new project entitled 
"Development of sustainable production and utilization of major food resources in China" on May 28, 
1997. This was followed by a MOU signed on August 20, 1997 by JIRCAS and CNRRI in which the two 
institutes agreed to conduct 2 new projects on rice breeding and plant protection. "Evaluation of plant 
genetic resources, development of novel breeding materials and their effective utilization (1997-2003)" 
and "Integrated management for migratory insect pests of rice (1997-2001)" are the working titles of the 
2 collaborative sub-projects, which have been incorporated into the overarching comprehensive project. 

CNRRI has made special arrangements to promote collaboration by establishing a cooperative research 
unit for JIRCAS scientists and their CNRRI counterparts, which is independent from existing CNRRI 
research departments. This is important to maintain the independence and priority of JIRCAS-CNRRI 
cooperative research at CNRRI, as well as to avoid unnecessary conflicts due to different fiscal systems 
between the two institutes. CNRRI provides an office, laboratories, paddy fields, and greenhouse space 
to the CNRRI-JIRCAS cooperative unit. The cooperative unit is directly supervised by the Director 
General and administered by the International Cooperation Section, whose chief is concurrently assigned 
as the Chief Manager of the unit. In addition, CNRRI also collaborated with the Japanese Ministry of 
Agriculture, Forestry and Fisheries in the joint surveillance of bio-diversity in Chinese rice paddy 
ecosystems from 1996 to 1998. 

The sustainable development of agriculture for food security will continue to be the most fundamental 
problem facing China. Future JIRCAS-CNRRI collaboration will play an important role in addressing 
this problem. 
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Collaborative research to develop postharvest technology at 
China Agricultural University 

Formed following the merger of Beijing Agricultural University (the present West Campus) and Beijing 
Agricultural Engineering University (the present East Campus) in 1995, China Agricultural University 
(CAU) is a leading agricultural education and research institution in China. Now under the auspices of 
the Ministry of Agriculture, the University's roots are in the College of Agriculture established in 1905 in 
the Capital University (the present Peking University), the oldest university in China. 

CAU consists of two campuses, the West and East, about 10 kilometers apart. It boasts 6 academicians 
from the Chinese Academy of Sciences, 5 academicians from the Chinese Academy of Engineering 
Sciences, 223 professors, and 617 associate professors. With a constant rise in student population over 
the past few years, the university is currently home to 1,050 graduate and 7,100 undergraduate students 
enrolled inl6 colleges. The Food College, founded in 1983, has 4 departments: Food Science and 
Technology, Food Nutrition and Biotechnology (West Campus), Food Engineering, and Biochemical 
Engineering (East Campus). Ten professors, seven doctoral supervisors, and twenty-three associate 
professors serve in the college faculty. 

Photo : Main entrance of China Agricultural University (CAU: East Campus). 

In collaboration with CAU, JIRCAS has been conducting research entitled "Development of technologies 
for food processing and distribution." Initiated in November 1997, this research aims to develop food 
technologies for better utilization and distribution of major food resources such as rice, soybean, and 
freshwater fishes. More specific objectives include quality evaluation of major food resources and 
development of new food ingredients, and improved preservation and distribution technologies for major 
food resources. 

As purchasing power has increased with the drastic development of the Chinese economy so has the 
demand for a high-quality diet. While this is certainly true in urban areas, rural Chinese do not have 
direct access to the benefits of economic development. Indeed, the income differential between rural and 
urban workers has been steadily rising, a factor contributing to rural-urban migration, thereby altering the 
structure of the Chinese population. In an effort to reverse this trend and maintain economic 
development, the Chinese government put the industrialization of farming systems at the forefront of its 
national policy. The development of food processing technology is one way China hopes to execute the 
above national policy. 

To solve the multiple problems the Chinese face on the food processing front, the government has 
developed extensive cooperative relationships with domestic food research organizations and the food 
industry, as well as with JIRCAS. Because almost all foods are manufactured using conventional 
procedures and techniques, without the benefits of modem science, one of the most pressing problems 
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for the food industry is the mechanization of traditional food processing. 

As an important source of protein, the soybean, specifically tofu, is found readily throughout China. 
Chinese momen-tofu (cotton tofu), kinugoshi (silken tofu), and packed tofu, similar to their Japanese 
counterparts, are currently being mass-produced in some factories by Japanese mechanized equipment, 
fiowever, unlike the tofu mentioned above, products peculiar to China, such as "tofu-skin" (sheet-like 
tofu), a kind of momen-tofu but with a relatively low water content (about 70%), are produced by the 
traditional methods and equipment. Since, under traditional methods, the product is manufactured at 
midnight and then sold the following morning due to its short shelflife, researchers are now attempting 
develop technology for processing mechanization and for shelf-life extension. To this end, CAU 
researchers are currently collaborating with JIRCAS, the National Food Research Institute, the Akita 
Research Institute of Food and Brewing, the Niigata Food Research Center, and other Japanese research 
organizations. 

Photo : One corner of the JIRCAS-CAU joint laboratory. 
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RESEARCH INFORMATION DIVISION 


The Research Information Division fulfills three main responsibilities relating to research operations at JIRCAS .First, the Di vision collects 
and analyzes information pertaining to socio-economic conditions and the state of agricultural sciences in developing countries. Second, it 
attempts to formulate and coordinate collaborative research projects with public and private organizations in developing countries. In recent 
years , this role has grown in relative importance as JIRCAS has become increasingly involved in large-scale, comprehensive research 
projects with countries throughout the world. Finally, in an effort to coordinate rising flows of data to and from partner countries, the 
Division has assumed the responsibility of developing and operating information systems at JIRCAS. 

The Division's research coordinators and senior scientists undertake these tasks from two distinct perspectives. The first is a strategic 
perspective focusing on critically important world regions, including China, other monsoonal areas of Asia, arid and semi-arid Asian areas, 
Africa, and Latin America. The second perspective focuses on particular issues, with an emphasis on global problems generated by 
environmental degradation, food insecurity, and imbalanced patterns of rural development. Combining these two perspectives, research 
coordinators in the Research Information Division conduct studies on agriculture in specific regions and consider the prospects for 
collaborative studies. They design and coordinate comprehensive projects in which scientists representing different disciplinary backgrounds 
can work together toward common goals. Thus far, eight major comprehensive projects have been implemented since the establishment of 
JIRCAS. 

In 1994, JIRCAS launched its first comprehensive research project in Vietnam in an effort to promote improved efficiency in the combined 
farming systems currently used in the Mekong Delta region. Following the conclusion of Phase I of this project in 1998, JIRCAS initiated 
preparation for the implementation of Phase II to begin in FY 1999. The Division launched comprehensive projects on tropical brackish water 
ecosystems in Malaysia and sustainable agricultural technologies in northeast Thailand during 1 995, and another comprehensive project on 
sustainable agro-pastoral rotation systems in subtropical Brazil during 1 996. In FY 1 997, two new comprehensive projects began, one 
targeting sustainable production and processing of major food resources in China and the other investigating new technological developments 
for soybean production and utilization in South American countries. Additionally, the Division has launched comprehensive projects on rice 
development in West Africa and farming systems in Indonesia in FY 1998. 

The Research Information Division is also involved in analyzing global issues. In collaboration with the Food and Agriculture Organization 
(FAO) and other international agencies, the Division helped to develop a sophisticated world food model that can be used to project world 
food supply and demand and to simulate the effects of proposed policy changes. At the same time, findings derived from ongoing 
collaborative research projects at JIRCAS areoften incorporated into forecast simulations. Currently, researchers are attempting to elaborate 
the model so that the impact of environmental changes and resource constraints can also be analyzed. In addition, researchers within the 
Division are studying rural development strategies, with particular emphasis on farming systems research, by reviewing recent development 
strategies and assisting researchers in the natural sciences who are involved in integrated rural development projects . 

Another important task of the Division is to develop and operate the computer-based JIRCAS information system. Since 1 996, the Division 
has been operating a comprehensive statistical database on agriculture, forestry and fisheries, containing data from many international 
agencies . The Division is currently developing a database of geographical datasets which can be used as basic materials for GIS-related 
studies. In addition, the Division maintains bibliographic and photo (slides) databases on tropical agriculture and other institutional 
information systems. 

Photo : Crop market in Mosi, Tanzania 

Finally, the Division works as the secretariat for the numerous international seminars and workshops that JIRCAS researchers conduct 
throughout the year. The largest is the JIRCAS International Symposium, which addresses a topic of central importance in agricultural 
research. In FY 1 998, the International Symposium concerned "Postharvest Technology in Asia" and was attended by 230 participants from 
over twenty countries (see "Symposia and Workshops" section for additional details). 

9 Division Topic 1: Farming Systems combining agriculture, animal husbandry, and fisheries in the Mekong Delta. 

® Division Topic 2:Coordinating multidisciplinary research on agriculture in the Mekong Delta 

9 Division Topic 3:No-tillage cultivation of soybean in South America 
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RESEARCH INFORMATION DIVISION TOPIC NO.l 

Farming Systems Combining Agriculture, Animal Husbandry, 
and Fisheries in the Mekong Delta 


It essential for nations to produce sufficient amounts of agricultural commodities in order to achieve food security. In the Mekong Delta region of 
Vietnam, the economic policy Doi Moi has contributed to rapid economic growth through a unique agricultural system which combines rice 
cultivation, animal husbandry, aquaculture, and horticulture. JIRCAS implemented a five-year research project starting in 1994 that aimed to clarify 
the technological and socioeconomic structures of the farming systems and to specify and develop new technology necessary for higher productivity. 

The Mekong Delta was formed about 10 thousand years ago at the mouth of the Mekong River. Covering roughly 4 million hectares, the region, 
except for small hills near the Cambodian border, is less than I m above sea level. Large scale flooding follows the rainy season and washes away 
damaging salt and acid sulfate, providing fresh fertile soil and fish. Depending on the topography, the Delta's soils range from alluvial to acid sulfate 
to saline. Houses line the banks of the well-developed canal network due to the high elevation and the convenience of waterway transportation. In 
addition, ponds are also dug for stocking fish and as a source of soil with which to expand farm areas. 

The market-oriented economy under the Doi Moi policy has brought about a rapid increase in agricultural production, particularly in rice harvesting. 
The farming system, a type of compound agriculture, is based on rice cultivation but also includes livestock breeding, aquaculture and horticulture. 
These systems operate by cycling agricultural products through several stages of production in order to minimize waste, maximize benefits, and 
contribute to sustainable management. In one model, swine are fed with broken rice and rice bran produced locally. Waste products from the swine 
are then washed into fish ponds, raising fertility levels in the water and enhancing growth in cultured fish. To complete the cycle, water from the fish 
ponds is then diverted back into paddy fields, where the abundance of nitrogen and other elements contributes to more fruitful rice production. 

The project was successful in obtaining practical information that will increase farming system efficiency and production. Researchers discovered that 
rice yields can be stabilized at high levels if logging is prevented by nitrogen dressing at the booting stage and by draining water for several days 
during the cropping period. Moreover, sheath blight, bacterial blight, blast, and red stripe were determined to be the main diseases constraining rice 
production in the Delta. To combat these diseases, researchers specified bacterial blight and blast resistance genes in rice and succeeded in transferring 
the genes to other varieties of rice. In addition, scientists eliminated swine parasites and thus decreased the time necessary for pigs to reach shipping 
weight. Finally, researchers clarified the physiological processes of growth and maturation in the giant freshwater prawn ( Macrobrachium 
rosenbergii ) so that seed production may be improved. 

Photo ; Example of an integrated farming system which combines rice cultivation, animal husbandry, aquaculture and horticulture (S. Matsui). 

Mekong Delta farms average about I ha in size, larger than that of any other region in Vietnam. Since settlement of people to this area is relatively 
recent, there is not as strong a community structure as the Red River Delta in northern Vietnam, which has been settled for a comparatively longer 
period of time. Consequently, people in the Mekong Delta are not experienced in organizing themselves for infrastructure management, crediting, 
marketing, and so forth. Although the number of smaller sized or land less farmers is increasing as one negative effect of the Doi Moi policy, farmers 
utilizing farming systems maintain stable management of their farms. 

To further develop Mekong Delta farming systems, JIRCAS research will focus on such areas as the stable production of better quality rice, the 
extension of integrated pest management of crops and fruit trees and the improvement of feed and hygiene for hog raising. In addition, a more 
advanced hog waste treatment system, a stable supply of prawn and fish seeds for aquaculture, and disease control in aquaculture will also be studied. 
Finally, communal cooperation in trade, water management, and crediting will be fostered. (S. Matsui) 
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RESEARCH INFORMATION DIVISION TOPIC NO.2 

Coordinating multidisciplinary research on 
agriculture in the Mekong Delta 


The first phase of international collaborative research on Mekong Delta farming systems with Cantho University (CTU) and Cuu Long Delta 
Rice Research Institute (CLRRI), Vietnam was recently completed. JIRCAS's first venture into international collaborative research, much of 
the project's success is owed to the cooperation of Vietnamese organizations as well as to the efforts of participants dispatched to the Mekong 
Delta. 

The project originated with a visit to the Delta in 1991 by Tropical Agriculture Research Center (TARC) staff members, who were interested 
in the unique agriculture systems utilized in the region. Although individual farms were as small as I ha in area, farmers seemed to make 
good use of available resources through systems which consisted of rice cultivation, animal husbandly, fisheries and horticulture. In 1994 
JIRCAS and the AFFRC initiated a research project entitled "Evaluation and improvement of farming systems combining agriculture, animal 
husbandry, and fisheries in the Mekong Delta." Since the project targeted crop, animal, fishery and socio-economic disciplines, researchers in 
these fields were dispatched on both long- and short-term assignments to Vietnamese counterpart institutes. It was decided that the entire 
project would be steered by a working group (WG) consisting of the directors of the relevant research divisions and the international research 
coordinator. 

The role of working group is as follows: 

1. The WG should always be aware that it is indispensable for the whole project to have a concrete objective that is aimed at by all 
participants from different fields of research. With the support of division directors, individual subjects should have clear targets that 
are compatible with the overall project objectives. 

. project objectives 

. implementation, dispatching and budget plans 
. periodical review and evaluation 
. public relation activities 

2. Division directors should draft implementation and dispatching plans for specific research subjects and the budget should be proposed 
by the research coordinator, who is not associated with a specific research field. The proposal and the evaluation of research activities 
should be discussed openly. 

3. Public relations are critically important for the development of the project. The WG must be responsible for such activities. 

4. The research coordinator should always correspond with the dispatched researchers and collect and report important information to the 
WG and Director General. Discussions in the WG should also be announced to the dispatched researchers and the Director General. 

Under the guidance of the working group, the project had the objective to clarify the technological and socio-economic structure of farming 
systems in the Mekong Delta and develop new technologies to improve the systems. To this end, JIRCAS dispatched 6 long-term and 47 
short-term researchers in the fields of crop science, plant pathology, animal science, socio-economic science, and fisheries science during the 
project's 5-year duration. In return, JIRCAS received 23 counterpart researchers including administrators and workshop participants during 
the same period. Research results have been published by JIRCAS in 50 scientific reports and 16 articles. Some of these are contained in a 
book entitled "Development of farming systems in the Mekong Delta of Vietnam." (Vo-Tong Xuan and Shigeo Matsui. eds., H.M.C. 
Publishing House, Ho Chi Minh City, Vietnam). 

Following the successful completion of the first phase in March 1999, the second phase, entitled "Development of new technologies and their 
practice for sustainable farming systems in the Mekong Delta" was initiated and will run until 2003 . 

Table : Scheme of promoting "the Mekong Delta" research project 


(S. Matsui) 
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RESEARCH INFORMATION DIVISION TOPIC N0.3 

No-tillage cultivation of soybean in South America 


The soybean is an important crop serving human life, especially as a source of oil for human consumption, and as a protein source for livestock 
feed. Increases in soybean production have been very rapid compared with those of other major crops during the past three decades, and 
continuous growth is very important for the stabilization of the world food supply. Soybean production in South America, mainly in the 
MERCOSUR countries (Brazil, Argentine and Paraguay), a mounts to approximately one-third of total world production, and thus the 
MERCOSUR countries play a major role as leading soybean export countries. However, it is generally recognized that disease and pest outbreak 
due to continuous cropping and soil erosion are adversely affecting soybean production in this region. In order to address these problems, JIRCAS 
has initiated a new research project entitled "Comprehensive studies on soybean improvement, production and utilization in South America. "In 
this project, we place emphasis on multinational collaboration among South American countries through the exchange of scientists, joint 
organization of seminars and conferences, as well as the exchange of samples, materials and information. The project will run until 2006. 

To commemorate the initiation of this project, a seminar entitled "No-tillage cultivation of soybean and future research needs" was held March 
5-6, 1998 in Foz do Iguassu, Brazil and Yguazu, Paraguay under the joint organization of JIRCAS and the Centro Tecnologico Agropecuario en 
Paraguay (CETAPAR-JICA). This was the first JIRCAS seminar on soybean research held in South America. This seminar focused on no-tillage 
systems of soybean production, as this type of cultivation system, which may aid the alleviation of soil erosion, is rapidly expanding in major 
soybean producing areas in South America and is contributing to a stabilized yield of soybeans. Sixty scientists from 6 countries participated and 
exchanged views concerning the current situation and future prospects of no-tillage cultivation systems and discussed the potential demands and 
uses of soybeans. As pointed out by the contributors, many problems remain to be solved in order to achieve further successful application of this 
cultivation method. Among the problems which should be addressed by future research efforts are physical and chemical deterioration of soil, 
increased incidence of soil-bom diseases, increased dependence on herbicides and limited variation of crop combinations, all of these tend to be 
accelerated under no-tillage systems. 

The proceedings of the seminar was published by JIRCAS in December 1998. The proceedings contains 11 papers as follows; 

1) Historical review of no-tillage cultivation of crops (Rolf Derpsch); 

2) Effects of no-tillage system on chemical and physical characteristics of soil in Paraguay (Cantalicio Paredes Benegas); 

3) Effect of no-tillage on physical and chemical characteristics of soil in Argentina (Rodolfo C. Gil); 4) Disease management in no-tillage 
soybean systems (Silvia Vallone); 

5) Control of weeds in no-tillage cultivation (Dionisio Luiz Pisa Gazziero); 

6) Establishment of no-tillage system of soybeans in Paraguay (Yoshiro Seki, Wataru Asada and Ken Hoshiba); 

7) Cropping systems in no-tillage cultivation (Jose Eloir Denardin and R. A. Kochhann); 

8) An innovative cropping system of soybean: agro-pastoral system in Brazilian Savannas (Manuel Macedo, Jose Bono, Armindo Kichel, Ademir 
Zimmer and Tsutomu Kanno); 

9) Role of soybean with reference to global food supply and demand (Hideki Ozeki and Yoshihiko Sugai); 

10) Potential uses of soybean as food in South America (Mercedes C. Carrao-Panizzi); 

11) Potentialities for industrial utilization of soybean (John P. Cherry). 

Photo : Seminar participants observing a soybean field where soybeans are being grown under no-tillage systems. 


(M. Kokubun) 
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RESEARCH INFORMATION DIVISION 


BIOLOGICAL RESOURCES DIVISION 

Many developing regions of the world are now faced with the need to increase and stabilize agricultural production through methods 
compatible with the preservation of the environment. Agricultural technologies that optimize the use of biological resources will play an 
important role in determining whether or not this objective can be met. In response to these concerns, the Biological Resources Division has 
placed considerable emphasis on collaborative on-site breeding projects in foreign countries and on biotechnology in Tsukuba. The objective 
of such projects is to utilize available genetic resources and biotechnological procedures to develop new crop varieties. 

We have carried out collaborative projects with two centers supported by the Consultative Group on International Agricultural Research 
(CGIAR). In cooperation with the International Rice Research Institute (IRRI) in the Philippines, the Division has been studying rice blast 
resistance. We have clarified the rice blast resistant genes in IR varieties that are being used worldwide without the information of resistant 
genes. This information is prerequisite for the development of all types of durable resistance, for example the pyramiding of major genes and 
the accumulation of minor genes. We have developed isogenic lines with a few rice blast resistant gene isogenic lines that have several 
genetic backgrounds and dozens of resistant genes, with more soon to be completed. Among them IR49830-7-1-2-2 and IR24 background 
isogenic lines can be put into practical use to reduce the usage of fungicide and the damage of blast for long periods. Working with the 
International Maize and Wheat Improvement Center (CIMMYT) in Mexico, the Division has a project on marker-assisted selection, which 
may contribute to gene-pyramiding and increased breeding efficiency. In addition, different sources of resistance genes to Fusarium head 
blight (FHB) are being mapped using RFLP and SSR markers. 

Under the guidance of JIRCAS integrated projects, our researchers helped develop soybean varieties resistant to viral diseases and nematode 
pests at the Soybean Institute of the Jillian Academy of Agricultural Sciences in the People's Republic of China (PRC). The soybean mosaic 
virus and cucumber mosaic virus (soybean stunt strains) were isolated from soybean plants in the northeast region of China, Inoculation tests 
suggested that the B strain of the soybean mosaic virus was a dominant soybean virus disease in this region. In the rice program, several 
researchers have been working with the Yunnan Academy of Agricultural Sciences to analyze genes that provide resistance to blast, bacterial 
leaf blight and rice stripe virus diseases, and cool-weather tolerance at the booting stage in rice strains. Together with visiting scientists, 
researchers have also attempted to screen genetic resources that may provide salt tolerance among local varieties of rice from Vietnam. 

In the field of soybean production in tropical and subtropical areas, one of the most severe problems is damage caused by insects. As highly 
resistant germplasms have not been found except for some moderate level resistant ones, the pyramiding of moderate level resistance to 
Spodoptera litura (the most important foliage feeder of soybean in Indonesia) by back-cross was carried out in cooperation with the Research 
Institute for Legume and Tuber Crops (RILET) in Indonesia. As a result, higher resistant soybean lines to S. litura were selected from 
progeny of the hybrids between moderate resistant germplasms. 

Photo: Damage caused by Fusarium head bright in wheat spikes (Photo: T. Ban). 

The molecular biology group of the Division, including several visiting scientists, has recently utilized biotechnological methods to study 
tolerance to environmental stresses such as drought, salinity, and freezing in higher plants. In particular, the researchers are examining how to 
use genes and regulatory factors in the production of environmental stress tolerant transgenic crops. They isolated a number of genes that 
function in stress tolerance using Arabidopsis and cowpea plants and analyzed the regulatory transcription factors of these genes in the stress 
response. Many genes encoding the transcription factors have been isolated that control the expression of the stress tolerance genes. They 
also identified regulatory elements in promoters that control stress-responsive gene expression. Using the gene's encoding transcription 
factors and the stress-responsive promoters, they have succeeded in improving multi-stress tolerance to freezing, drought, and salinity in 
transgenic Arabidopsis as a model. The existence of similar regulatory systems has been reported in other crop plants such as rice, tobacco, 
and cowpea. These observations suggest that both the gene for the transcription factor and the stress-responsive promoter can be used to 
improve the stress tolerance of agriculturally important crops by gene transfer. Their research will contribute to the development of 
commercial crops capable of withstanding potentially damaging environmental stresses, perhaps thereby helping to mitigate problems 
relating to the food crisis and environmental degradation in developing countries. 



# Division Topic : Evaluation of doubled haploid breeding scheme in wheat improvement 
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BIOLOGICAL RESOURCES DIVISION Topic 

Evaluation of doubled haploid breeding Scheme in Wheat 
improvement 


Practical breeding programs for self-pollinating crops, such as wheat ( Triticum aestivum L.), must include a process of genetic fixation for uniformity 
of agronomic traits after genetic recombination to increase variations. Pedigree selection (PS) is the conventional method of achieving genetic 
recombination in each generation. Repeated pedigree selection of heterozygous materials can increase uniformity, but many generations are required 
to reach homozygosity in loci associated with agronomic traits ( Photo.l ). The artificial production of haploid plants followed by chromosome 
doubling offers the quickest method for developing homozygous breeding lines from heterozygous parental genotypes in a single generation. The 
doubled haploid (DH) method has an obvious advantage in that yield evaluation can begin earlier and varietal development is speeded up. This 
method also has the great advantage of increasing the efficiency of selection because DH lines do not express dominance variation and segregation 
within lines. 

A technique for producing wheat haploids using ultra-wide crosses followed by embryo rescue has been developed over the last two decades. 
Significant technical advances have been achieved familial species and applying plant growth regulators. Efficient crossing procedures were 
developed using stored pollen and detached-tiller culture. They enabled scientists to avoid having to synchronize flowering times of both parents and 
resulted in considerable savings in terms of labor and space required for growing parent plants. 

In this study, field performance of wheat lines selected by the DH and PS methods from three FI crosses were compared with the aim of evaluating 
the doubled haploid method in wheat breeding programs (Fig. 1 ). Yield evaluation of each group of the top ten wheat lines selected by DH and PS 
methods was performed at the F6 generation of PS lines along with DH lines in a two-year field experiment. It took only two years from the planting 
of wheat materials for DH production to the planting of selected DH lines for yield evaluation. There was no significant difference m grain yield 
between DH lines and PS lines selected from an FI cross whose parental varieties were closely related in their pedigrees. In two crosses with low 
coefficients of parentage and large variation in their progenies, grain yield of selected DH lines was significantly lower than those of selected PS lines. 
These results confirm that the DH method has the advantage of saving time in obtaining recombinant inbred lines ready for yield evaluation and of 
increasing selection efficiency. However, a larger DH population is required to achieve the same level of genetic advance with the PS method in 
crosses containing greater genetic variation. 

The application of a doubled haploid breeding scheme with selected breeding objectives can thus complement conventional breeding programs and 
accelerate the release of new varieties in developed countries, as well as in developing countries where rapid varietal development is critical for 
sustainable wheat production systems. 

Photo 1 : Doubled haploid wheat lines infield evaluation showing uniformity within the lines. 

Figl: Grain yields of top ten wheat lines selected by doubled haploid and pedigree selection methods in two FI crosses. 


(M. N. Inagaki) 
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(A) Cross with Hi&i coefficient of parentage (0.383) 
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ENVIRONMENTAL RESOURCES DIVISION 


A recent estimate suggests that the world population could reach 6.3 billion by the year 2000 and 10 billion by 2050. To feed this 
ever-increasing population, existing agricultural land is likely to be subjected to a higher intensity of cultivation in populous areas, and 
farmland development is likely to be extended to areas marginally suited for agriculture. Trade liberalization in recent years has led to a sharp 
increase in commercial crop importation and is stimulating production in exporting countries. This may result in excessive load to farmland 
soils as well as the continuation of single cropping and deforestation in many countries. Past experience has shown us that these practices 
accelerate farmland degradation and desertification on a global-scale. Such drastic changes in land use would cause climatic transformation 
over extended regions and bring about unpredictable constraints to existing agricultural and forest ecosystems. 

From the middle of this century, patterns of land utilization have been changing due to population expansion. These changes, along with a 
rapid increase in fossil fuel consumption, have had tremendous impact on the atmosphere through intensified emission of carbon, nitrogen, 
and sulfur gases. If the present level of consumption continues, C0 2 concentration will increase by 0.5 percent per year and double by the 
middle of the next century. The 1995 International Panel on Climate Change (IPCC) report suggests that a two-fold increase in CO 2 
concentrations could cause an increase in mean global surface temperature by about 2°C by the year 2100. Furthermore, research has shown 
that the atmospheric concentrations of other greenhouse gases such as methane and nitrous oxide have also increased greatly within the past 
two decades. If the effects of these trace gases are jointly taken into account, global warming is estimated to take place more rapidly than in 
the case where the effects of CO 2 are considered alone. 

To address these problems, the Environmental Resources Division is organizing research to identify and develop technologies for the 
improvement of agricultural activities compatible with the environment and the ecosystems, such as arid lands, wetlands, sloped lands and 
degraded lands. Other projects are aimed at developing technologies for sustainable agriculture through analyzing mechanisms of nutrient 
cycling within agro-ecosystems and for reduction of polluting substances to conserve the global environment. 

® Division Topic 1 : Suppression of nitrification and nitrous oxide emission by a tropical grass 

^ Division Topic2 : Effects of depth on the site of NO and N2Q production in upland Soil on emission rates to the atmosphere 
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ENVIRONMENTAL RESOURCES DIVISION Toyicl 

Suppression of nitrification and nitrous oxide 
emission by a tropical grass 


Nitrification is the reaction in which ammonium-N is changed into nitrite-N and nitrite-N is changed into nitrate-N in soil by microorganisms. 
By controlling nitrification, it is possible not only to increase the nitrogen absorption efficiency of plants but also to minimize the nitrogen 
loss by leaching and volatilization. It was reported that the amount of nitrate-N accumulated in the soil where a tropical grass grew seemed to 
be smaller than that in the soil where other tropical grasses grew. The objective of this study was to demonstrate the ability of this tropical 
grass to suppress nitrification in soil and nitrous oxide emission to the atmosphere. 

Three tropical grasses (Brachiarica decumbens (Bd), B. humidicola (Bh),and Melinis minutiflora (Mm)) supplied by CIAT were grown for 8 
weeks in Wagner pots and soils were sampled. Ammonium-N was applied to the sampled soils and the nitrification process was observed. In 
soils with Bd and Mm treatments, the content of ammonium-N started to decrease 4 days after ammonium-N application and nitrification 
started rapidly. However, the content of ammonium-N in the soil with Bh treatment did not change until the 12th day and there was a lag 
period before the onset of nitrification. The results indicate that only B. humidicola suppressed nitrification in soil. 

Simultaneously, nitrous oxide emission from soil was measured. From soils with Bd and Mm treatments, nitrous oxide emission was 
observed remarkably. However, nitrous oxide emission from the soil with the Bh treatment was low throughout the experimental period. The 
amount of nitrous oxide emitted from the soil with the Bd and Mm treatments were 31.0 and 29,3 Ag-N/m ^ hr, respectively. However, that 
from the Bh treatment was 5.0'rig-N/m ^hr and 1/6 smaller than that from the Bd and Mm treatments. If cannotread Click here 

In another experiment, it appeared that B. humidicola suppressing the multiplication of ammonium-oxidizing bacteria specifically but had no 
effect on the nitrite-oxidizing bacteria. Of the two nitrification processes, it is assumed that the process in which ammonium-N is changed 
into nitrite-N is a rate-determining process. By suppression of the multiplication of ammonium-oxidizing bacteria. B. humidicola suppresses 
nitrification in soil and nitrous oxide emission to the atmosphere ( Fig.l ). Generally it is considered that tropical grasses preferentially use 
nitrate-N compared to ammonium-N. Among the Brachiaria species, it is assumed that only B. humidicola can utilize both forms of nitrate-N 
and ammonium-N and that this function of B. humidicola may lead to an efficient use of nitrogen in soil. 

Native pastures are widely distributed in various countries of the tropical zone but their productivity is very low. In order to increase livestock 
production, if B. humidicola could be introduced, it would be possible to decrease the nitrogen input for agriculture in addition to preserving 
the environment and ecosystems. 


Fig. 1 . The mechanisms of nitrification suppression and inhibition of nitrous oxide emission by Brachiaria humidicola. 
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Fig. 1 . The mechanisms of nitrification suppression and inhibition of nitrous oxide emission by 
Brachiaria humidicola. 
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ENVIRONMENTAL RESOURCES DIVISION Topic2 

Effects of depth on the site of NO and N 2 0 
production in upland Soil on emission rates to 
the atmosphere 


Driven by the necessity of increased food production, the rate of chemical fertilizer application to arable land is increasing rapidly in 
developing countries. With this increase comes the heightened possibility of harmful effects on the environment. Two chemical compounds 
commonly found in fertilizer and possessing potential negative side-effects for the environment and atmosphere are nitric oxide (NO) and 
nitrous oxide (N 2 O). NO is known to be a cause of photochemical atmospheric pollution, acid rain, and is linked to increased tropospheric 
ozone, one of the green house effect gases. N20 is a substance that causes global warming and stratospheric ozone layer destruction. Because 
its damaging influence is estimated to be at a level equal to that of fossil fuel combustion, arable land should not be overlooked as a source of 
these gases. 

Using numerical model analysis and a laboratory experiment, we focused on the effects of depth on fertilizer placement in an attempt to 
develop a method for mitigating the emissions of these gases from upland fields. The simulation model was prepared based on pre-existing 
survey data of NO and N20 soil concentration profiles in the upland fields of Andosol, a volcanic ash soil. It was assumed that the soil 
conditions are uniform in the horizontal direction; gas diffusion in soil was considered as a one-dimensional vertical flow, fundamentally 
following Fick's law. In this model, the effects of the depth of gaseous production in soil on concentration profiles and emission rates were 
estimated. 

The estimated results were verified in the laboratory experiment with soil columns. Each soil column, 1 m in height and 0.194 m in diameter, 
was made of topsoil from Andosol and fertilized with ammonium sulfate at a rate of 20 gNm 2 at a specific depth (0-10, 5-1 5 or 10-20 cm). 
The soil was filled at the balk density of 0.60 and 0.75 g cm" 3 at the depth of 0-20 cm and 20-100 cm, respectively. Then content in the soil 
was set at 49 (q0,9) 0/0 and the soil columns were then put in a thermostatic chamber (22.2 q 0.6 0 C) without a water supply. After two 
weeks, the ground water level was set and kept at a depth of 100 cm. Soil gas was sampled from PVC tubes in the soil and the gas emission 
rate was measured using a closed-chamber method. 

In the model analysis, we obtained the results that (1) the NO concentration gradient near the soil surface became gentler and the rate of NO 
emission became lower with the production depth, while (2) the depth of N20 production had less effect on the emission rate (Fig. 1). Results 
supporting (1) and (2) were obtained by the laboratory experiment. The rate of NO emission from columns fertilized at 10-20 cm depth was 
reduced to almost the same rate as that of the unfertilized column and to 0.9-20 % of that from the fertilized at the depth of 0-10 cm (Fig.2). 
However, a remarkable effect of the production depth was not observed in N20. 

Our findings demonstrate that there is a strong possibility that NO emission from arable land can be mitigated by applying fertilizer deeper 
into the soil. Because the depth at which the NO emission was mitigated corresponds to the depth utilized in some conventional deep 
fertilizer applications, the practical application of our findings does not seem difficult. The deep application of fertilizer should be 
reconsidered not only because of its high efficiency of fertilizer utilization, but also because of its potential for mitigating NO emission. 

The phenomena of gaseous production and consumption depend on various soil conditions. We obtained the results mentioned above using 
Andosol soil, which has a comparatively high gaseous conductance under ideal conditions for NO production, especially in deeper soil. It is 
our contention that the same or even more considerable effects may be expected under other conditions. 

At present, our knowledge regarding possible reductions of NO and N20 emissions are too uncertain to justify quantification and 
implementation of strategies designed to mitigate emissions, such as the use of inhibitors, and changing cultivation or land use. This is 
because the mechanism and factors affecting production and consumption of NO and N20 in soil during nitrification and denitrification are 
not clear. In the future we will address the problem of quantifying the effects of each factor on NO and N20 production and consumption. 

Fig. 1 , Effect of the depth of NO and N2Q producing site in Andosol on their emission rate to the atmosphere estimated by model analysis. 

Fig. 2. Observed effect of the depth of ammonium sulfate application to Andosol on their emission rate to the atmosphere. 


(Y. Hosen) 


BACK i 


; HOMfc-1 


http://ss.jircas.affrc.go.jP/engpage/annualreport/1998/divisions/ERDtopic2.htm [10/7/2002 9:34:33 PM] 










erdtopic-2 




\ W 

% 

f 1 60 

s 

c 

9 

I 

I 

S 


Days after fertilizer application 


Depth of gas producing site (m) Fl0. Observed effect of tine d epth of 

ammonium sulfate application to Andosol 
Fig, t. Effect of the depth ot NO and N 5 G on their emission rale to m atmosphere, 

producing site in Andosol on their emission rate 
to fhe atmosphere estimated by model analysis, 

* 1 : Upper end of gee producing site [m) 

*2: Lower end of gas producing site (m) 


Fig. 1 , Effect of the depth of NO and N20 producing site in Andosol on their emission rate to the 
atmosphere estimated by model analysis. 

Fig. 2. Observed effect of the depth of ammonium sulfate application to Andosol on their emission rate to 
the atmosphere. 
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CROP PRODUCTION AND POSRHARVEST 
TECHNOLOGY DIVISION 


Although world population growth rates have declined steadily since 1970, the global population will continue to increase by 90 to 
lOOmillion people annually for the next several years. Some 95 percent of the growth will occur in developing regions, where food deficits 
are already severe, and where alternative employment opportunities and economic growth are limited. Clearly, population growth will 
provide the primary impetus behind growing demands for food. Yet, food markets will also be influenced by shifts in the purchasing power 
of local consumers. As development proceeds, changing patterns of consumption may dramatically increase demand for greater varieties of 
vegetables, fruits, and meats. 

For these reasons, self-reliance in food, rather than complete economic self-sufficiency, will become an increasingly important objective in 
developing regions. There are no definitive models for achieving this goal. However, various methods exist for ensuring self-reliance within 
the particular natural and environmental constraints of each country. 



The Crop Production and Postharvest Technology Division promotes research projects on topics ranging from production and storage to the 
processing and marketing of agricultural products. Our research activities encompass a variety of disciplines including agronomy, plant 
protection (pest, disease and weed control), agricultural mechanization, irrigation, drainage, cropping systems, food storage, post harvest 
technology, farm management and agricultural economics. 

Because the total area of arable land in the world is limited, we believe that sustainable production of agricultural products can be achieved 
only by increasing overall productivity. While various technological problems must be resolved, productivity growth must be pursued in 
ways compatible with the preservation of the natural environment. Therefore, it is necessary to reduce as much as possible the amount of 
chemical inputs in agricultural endeavors. To achieve this, research should address the need for integrated pest management through 
biological control systems and better utilization of information. Topics requiring additional attention include ecological studies of insect pests 
and their natural enemies and the development of predictive methodologies for outbreaks of insects and diseases. 



Far too often the problems of feeding the world's hungry is conceived in terms of producing sufficient food. Equally pressing problems 
related to preservation and distribution, issues which affect food products between harvest and consumption, are frequently neglected. 
Post-production operations of agricultural and horticultural products include a wide range of functions necessary for supplying good quality 
food, reducing transaction costs, and raising domestic welfare. It is necessary to stress postharvest studies of agricultural products, such as 
quality improvement, safety, the extension of shelf life, and the control of the presence of insects and microorganisms in foodstuffs. These 
constitute important objectives of this Division. 

Finally, sustainable production of agricultural commodities can only be supported by the development of sustainable markets. Technology for 
enhancing the value of agicultural products is being developed with the goal of increasing incentives for farmers to promote sustainable 
production. Economic studies are requisite in furthering the development of target countries. 


Division Topicl: Pathogenicity of Xanthomonas oryzae pv. oryzae strains in Vietnam 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/CPPTD.htm (1 of 2) [10/7/2002 9:34:38 PM] 







CPPTD 


Division Topic2: Antioxidant and antimutagenic properties of local agricultural products in Thailand 
Division Topic3: Quality evaluation of Khao Dawk Mali 105, an aromatic variety of rice from northeast Thailand 

Division Topic4: Multiple herbicide-resistant Limnocharis flava (L.) Buchenau in Malaysia 


; BACK. 8 


m HOMfc W 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/CPPTD.htm (2 of 2) [10/7/2002 9:34:38 PM] 










http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/cpptd-1.jpg 



http://ss.jircas.affrc.go.jP/engpage/annualreport/1998/divisions/cpptd-1 .jpg [10/7/2002 9:34:40 PM] 




http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/cpptd-2.jpg 



http://ss.jircas.affrc.go.jP/engpage/annualreport/1998/divisions/cpptd-2.jpg [10/7/2002 9:34:42 PM] 























CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION Topic 1 

Pathogenicity of Xanthomonas oryzae pv. o ryzae strains in 
Vietnam 


Bacterial leaf blight (BLB) of rice caused by Xanthomonas oryzae pv. oryzae (Xoo) is one of the major constraints on rice production in Vietnam, 
especially in the rainy season. Although BLB is very severe in the northern part of Vietnam as well as in the Mekong River Delta (MRD), the 
pathogenic variability of Xoo and varietal resistance have not yet been investigated in detail. 

Because the cultivation of resistant varieties is the most promising method to control BLB, characterizing the virulence of the causal bacterium Xoo and 
surveying the distribution of each race are essential. Therefore, we collected 52 isolates of Xoo throughout Vietnam and examined their variability in 
virulence based on the reactions of the 1 8 differential varieties. As a result, 52 isolates were divided into six groups (races) (Table 1) . Among the races, 
Race A predominated with more than 80% of the isolates classified into this race, one which was distributed throughout Vietnam. Although the other 
nine isolates, belonging to Races B to F, were minor races, the pathogenic characteristics of these six races were relatively similar. Therefore, the 
diversity in the pathogenicity of the Vietnamese BLB strains may be low based on their virulence to differential varieties. 

Almost all the Vietnamese rice varieties were susceptible to the predominant Race A. However, some Race A isolates showed different reactions to 
varieties cultivated in Vietnam. Furthermore, the pathogenicity of the isolates tested differed slightly depending on the sampling location. 

Although Races B and D were avirulent to IR 20, Race D was virulent to IR-BB4, which carried the resistance gene Xa-4 as in the case of IR20 (Table 
1), thus exhibiting that IR20 may harbor a resistance gene or genes to Race D. The rice cultivar IR36 may also harbor an additional resistance gene or 
genes to Race B, though the genetic background of IR36 to BLB has not been studied yet. Furthermore, some local varieties and wild rices may also 
harbor unknown resistance gene(s). Based on these results, the pathogenic diversity of the isolates in Vietnam seems to be complex despite their simple 
pathogenic characteristics to the differential varieties. 

Most of the local varieties tested were generally susceptible to the Vietnamese isolates. Before the introduction of agronomically improved but 
susceptible rice varieties, BLB was not a serious disease under traditional cultivation practices even though the local varieties were susceptible. 

Recently, BLB has been severe in some areas, mainly because of the recent adoption of intensive cultural practices, such as high-density direct seeding 
(more than 200 kg/ha), the utilization of nitrogen-saturated fertilizers, and the cultivation of three crops per year - a practice introduced after modem, 
improved rice varieties increased the area cultivated. 

In this study, we observed that some differential varieties, IR-BB5 (Xa-5), IR-BB7 (Xa-7) and Asominori (Xa-17), were resistant to all the isolates 
tested, while IR-BB3 (Xa-3) and IR-BB21 (Xa-21) were susceptible only to four and one isolates, respectively. Therefore, a breeding program should be 
initiated to transfer these resistance genes from differential varieties to high quality Vietnamese rice varieties to control the disease effectively. 
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CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION Topic2 

Antioxidant and antimutagenic 
properties of local agricultural products 
in Thailand 


A wide variety of indigenous plant species are utilized for agriculture and daily consumption in Thailand. Many of these species maintain a 
long tradition of use in folk remedies. Tropical plant species are known to be rich in phytochemicals that exhibit various biological functions, 
such as vitamins, terpenoids, flavonoids, alkaloids, organosulfur compounds, and pigments. It has been suggested that many local Thai 
agricultural products may play an important role in the prevention and/or cure of human chronic diseases as well as cancer. Studies on the 
biological functions of edible plants in Thailand may be able to elucidate their role in a natural, functional diet. Moreover, information on 
plant biological functions may contribute to the improvement of public health in Thailand and other tropical countries. In addition, the 
widespread consumption of such local agricultural products would most likely elevate and stabilize local Thai farmer incomes. In this 
research, a number of local agricultural products were examined for two important biological functions, antioxidant activity and 
antimutagenic activity, mainly under the JIRCAS Visiting Research Fellowship Program at Tsukuba from October 1996 to September 1 998. 

After collecting forty-eight samples of edible plants from several local markets in Thailand, the edible portions were immediately freeze dried 
and extracted with 80% methanol (methanolic extract). The antioxidant activity of the methanolic extracts was measured by the beta-carotene 
bleaching method, which is based on the inhibition of discoloration of beta-carotene coupled with the peroxidation of linoleic acid. Butylated 
hydroxyanisole (BHA) was used as a standard antioxidant. More than 70% Thai plant species showed high antioxidant activity, while only 
one-third of common edible plants in Japan exhibited high activity (Photo 1) . In particular, three plant species (4 samples) showed 
significantly potent activity. Pak kra doon ( Careya sphaerica Roxb.), a leafy vegetable, exhibited the highest activity (121.0 mg BHA 
equivalent/g), and the leaf of Pak sa meg ( Syzygium gratum Wall.) and the fruit and the leaf of Kra thin (Leucaena leucocephala de wit) 
showed high activity (40.2, 38.8 and 44.7 mg BHA equivalent/g, respectively), as well. 

The antimutagenic activity of the methanolic extracts was determined by an Ames test in the presence of the methanolic extracts, and 
performed with Salmonella typhimurium TA98 (frameshift mutant) as a tester strain and 3-amino-l, 4 dimethyl-5H-pyrido-[4,3-b]indole 
(Trp-P-I) as an indirect-acting mutagen. The number of /zA + revertant colonies were counted and expressed into a percentage of 
antimutagenic activity, after subtracting spontaneous revertants. Several plant extracts have a potent inhibitory effect on the mutagenicity of 
Trp-P-1. The methanolic extracts from 1.25 mg of freeze-dried Pak pai (fragrant knotweed; Polygonum odoratum Lour.), a common 
condiment in Thailand and Vietnam, suppressed 96% of the mutagenicity of 50 ng Trp-P-1, followed by Pak chee (coriander ; Coriandrum 
sativum ; 94%), Hoom yae ( Trachyspermum roxburghianum Craib ; 92%) and Pegah (Indian trumpet flower ; Oroxylum indicum Vent. ; 
90%). 

The antimutagenic properties of two Thai gingers, fingerroot and galanga ( Photo 2 ), were also investigated. These gingers are commonly 
consumed in Thailand as spices or condiments. The methanolic extracts of fingerroot and galanga showed substantially potent inhibitory 
effects to the mutagenesis induced by Trp-P-1 of 97 to 98% at a concentration of 0.3 mg/plate. Four active compounds from fingerroot and 
two active compounds from galanga were then isolated to determine their chemical structure. The compounds obtained from fingerroot were 
identified as chalcone derivatives and flavanone derivatives and exhibited high mutagenic inhibition in a range of 90% to 95% at a 
concentration of 25 mg/plate. Compounds from galanga were identified as phenyl propanoid derivatives and showed less antimutagenic 
activity than the fingerroot compounds, 21% and 51%, respectively, at a concentration of 25 mg/plate. All the isolated compounds remained 
active as antimutagens after heat treatment at 105°C for 15 min, which is considered to be important for food ingredients. Fingerroot and 
galanga, both important edible plant spices, may play a role in cancer chemoprevention, and, may have potential as effective functional foods. 


Photo 1 : Two kinds of common Zingiberaceae spices in Thailand , and galanga 

Photo 2: Antioxidant activity of edible plants in Thailand and Javan 
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CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION Topic3 

Quality evaluation of Khao Dawk Mali 105, an 
aromatic variety of rice from northeast Thailand 


Since world rice production exceeds demand, rice farmers must produce rice that follows global consumption trends . With a stronger aroma 
than ordinary rice, aromatic rice has been very popular in Southeast Asia and has recently gained wider acceptance in Europe and the United 
States. One such variety, Khao Dawk Mali 105 (KDML105), is mainly produced in northeast Thailand and is increasingly in demand in both 
domestic and international markets due to widespread consumer appreciation of its high quality. Although there is an urgent need for 
increased production, infertile and drought-striken sandy soil has hampered such efforts. Unstable rainfall at the beginning of the rainy season 
and transplanting labor shortages are other factors destabilizing the production of KDML 105. In addition, since an objective evaluation for 
this variety of aromatic rice does not currently exist, trade of counterfeit KDML 105 has been rampant. 

In Japan, rice is distributed as brown rice, which can be germinated, thus presenting adequate information about its variety. Yet, in Southeast 
Asia, mostrice is distributed as milled rice, which cannot germinate. Though evaluating similar varieties of milled rice with conventional 
methods, such as the length-width ratio, are inadequate, DNA based cultivar identification methods like microsatellite analysis (e.g. RAPD 
and AFLP) could be very useful rice variety evaluations. Thus, there was a need to develop a rapid and simple DNA extraction method for 
milled rice. We developed such a method to remove starch and protein, the main components of milled rice, by a freeze-thaw cycle. The 
method uses a single grain for checking the adulterate and, from that grain, recovers 200 ng of DNA. Taking 3 hours and lacking any harmful 
regents, this rapid DNA extraction method called the "freeze-thaw" method was combined with a PCR-based microsatellite analysis of 
KDML 105 (FjgT). This is a more reliable method for identifying rice varieties than the observation of morphological characteristics. 

Lurthermore, the potent volatile and aromatic compound in the aromatic rice was identified as 2-acetyl-1-pyrroline (AcPy ; Fig. 2), and the 
concentration of AcPy was correlated to aroma quality of the aromatic rice. While conventional quantitative analysis of AcPy was carried out 
by utilizing a large sample, by applying the GC/MS/SIM method, the sample is reduced by an amount of 0.5g. ( Fig, 2 ) Although it is 
commonly maintained that the aroma quality of KDML 105 depends on growth conditions, especially growth area, there is no direct 
information proving this conclusion. Accordingly, much more work is urgently needed concerning the objective evaluation of KDML 105. 

As the main variety of rice under production in northeast Thailand's most important industry, more research is required to improve the quality 
of KDML 105. 

Fig I: Agarose gel electrophoresis showing microsatellite polymorphism of KDML 105 

Fig2: Quantitative analysis of AcPy in KDML 105 and Koshihikari by GC/MS/SLM 
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CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION Toyic4 

Multiple herbicide-resistant Limnocharis flava (L.) Buchenau in 
Malaysia 


2,4-D and sulfonylurea herbicides, such as bensulfuron-methyl, are widely used by farmers in Malaysia to control broad-leaved weeds in 
paddy fields. In the Muda area, the largest granary area in Malaysia, the former has been widely used since the early 1970s and is still popular 
today. The latter was introduced to Muda farmers in 1988. 

Acetolactate-synthase (ALS) inhibitors, including sulfonylurea herbicides, are used widely because of their high control efficacy on 
broad-leaved weeds, low mammalian toxicity, and low herbicide injury in many crops. In recent years, however, ALS-inhibitor-resistant 
biotypes have been reported in many weed species in numerous countries . 

At the Malaysia Agricultural Research and Development Institute Seberang Perai Station (MARDI S.P.), a rice breeder observed that 
Limnocharis flava in his experimental field was not killed by the application of 2,4-D and bensulfuron-methyl, a kind of sulfonylurea 
herbicide. This study was conducted to evaluate the susceptibility to 2,4-D and bensulfuron-methyl in L. flava collected from MARDI S.P. 
and other locations on the west coast of Peninsular Malaysia, and to develop effective control methods against the weed. 

MARDI plants were not killed by 2,4-D at the recommended application rate. On the other hand, susceptible plants collected from an 
abandoned paddy field in Lahar Ikan Mati were completely killed by 2,4-D even at l/16th the recommended rate. To determine 150 (50% 
inhibition dose) values, we utilized a logistic curve described by 

equation(1): y - c + p + ( -~/ XJC 

+ 1 + e ,x ~“ ) 


Equation) 1) was fitted to the relationship between dry weight of the weed and 2,4-D dosage by the non-linear least square method. The 
I50value in MARDI plants was 0.94 times the recommended rate, while it was 0.02 times in Lahar Ikan Mati ramets ( Fig.l ). An approximate 
difference of 50 times in 150 value was observed between the two collections. Similarly, the 150 value for bensulfuron-methyl in the 
MARDI collection was calculated at 28. 1 times the recommended rate. These results confirmed the development of a multiple 
herbicide-resistant biotype (resistant to 2,4-D and bensulfuron-methyl) of L. flava in the weed population in MARDI S.P. The discovery of 
bensulfuron-methyl resistance in this study is expected to be the first report on an ALS-inhibitor-resistant biotype in paddy weeds in tropical 
Asia. 

In a field study utilizing various seedling rates of cultivated rice, it was determined that the density of rice seedlings strongly affected the 
growth of multiple herbicide-resistant L .flava. The study established a linear relationship between the density of rice seedling in a 
logarithmic scale and the dry weight of the weed in an ordinary scale. Moreover, the results suggest that an adequate density of rice seedlings 
can be an effective means of control for this multiple herbicide-resistant weed in an integrated weed management system. 

Except for the MARDI collection, only the Seberang Perak Rice Estate collection was resistant to 2,4-D and not one of the 12 collections 
from the west coast of Peninsular Malaysia was resistant to bensulfuron-methyl. Conditions where herbicides represent the only form of 
selection pressure, however, are favorable to the development of herbicide-resistant biotypes. Such conditions are often observed in 
unmanaged fields in Malaysia, that is, in vacant areas in fields caused by poor rice germination (Photo. 1) . Therefore, extensive infestation of 
herbicide-resistant weeds would become unavoidable if vacant areas in fields were left untreated. 

As there are few or no alternative herbicides to control resistant biotypes, multiple resistant weeds are of great concern to farmers. If the 
multiple resistant L. flava were to go unchecked, the economic impact would be great. Fortunately, bentazone was able to effectively control 
this multiple herbicide-resistant biotype. The use of a single type of herbicide, however, may give rise to the risk of additional herbicide 
resistance. Therefore, integrated weed management becomes much more important in the control of herbicide-resistant weeds. 


Fig. 1. Dosage response ofL.flava collected from a paddy field in MARDI Seberang Perai(R) and an abandoned paddy field in Lahar Ikan 

Mati(S) to 2,4-D dimethylamine . 

Photo 1. An unmanaged field showing vacant areas due to poor rice germination. 
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APGD 



ANIMAL PRODUCTION 
AND GRASSLAND DIVISION 


In developing countries, domesticated animals contribute to the betterment of people's lives. Animals not only produce meat milk and hide, 
which are essential in daily life and are an important source of income, but also generate draft power for tillage and transportation and 
produce wastes for use as fertilizer and fuel. Despite these benefits, livestock production remains at low levels throughout the developing 
world due to constraints such as low genetic potentials, poor quality feeds, disease prevalence, harsh climatic conditions, and management 
inexperience. 

The Animal Production and Grassland Division carries out research aimed at achieving sustainable increases in animal production without 
generating adverse environmental consequences. In order to reach this goal, the Division seeks to enhance the productive capacity of natural 
resources, manage grasslands to secure feed resources, enhance the utilization of agro-industrial by-products, control invasive animal 
diseases, and improve management practices in developing regions of the world. 

During Fiscal Year (FY) 1998, one overseas collaborative research project and two supporting projects in Tsukuba moved toward successful 
conclusion. The first project involved cooperation between Division researchers and scientists from the Malaysian Agriculture Research and 
Development Institute CMARDI) to improve local raising methods of small livestock. The two domestic research projects were carried out to 
identify endophytic fungi in pasture plants in tropical regions and their utilization in plants via biotechnological methods. Moreover, a 
Division researcher dispatched to Cantho University in Vietnam until the end of FY 1997 completed research concerning the Ascaris 
infection in swine in the Mekong Delta and the application of anthelmintic. 

In addition to these projects, four long-term international research projects lasting from two 'to five years are currently underway. Division 
researchers are working with the Thai Department of Livestock Development (DLD) to improve cattle production with the feed resources 
available in northeastern Thailand. The cooperative research on agro-pastral systems being carried out with the National Center for Research 
on Beef Cattle (CNPGC-EMBRAPA) and the National Center for Soybean Research (CNPSo) in Brazil focuses on the sustainable 
management and utilization of grasslands and the analysis of raising technology of small livestock, respectively. Finally, collaborative 
research on the role of the TNF-±g ene in trypanosomiasis began in 1998 with the International Livestock Research Institute (ILRI) in Kenya. 

In addition to long-term projects, the following studies were carried out by researchers on short-term assignments of one to three months: 1) 
studies on the nutritive requirements of tropical ruminant and evaluation of nutritive value in ruminant feeds in Thailand with the Khon Kaen 
Animal Nutrition Research Center and DLD ; 2) studies with Cantho University in Vietnam on environmental pollution caused by hog 
production in farming systems in the Mekong Delta; 3) research on the physiological characteristics of forage grasses in agropastoral systems 
in Brazil at CNPGC, 4) an evaluation of the feed value of com stalk and agricultural by-products with the Chinese Agricultural University in 
northern China; 5) studies on the acute phase response in TNF-± deficient mice after Trypanosome congolense infection conducted with ILRI 
in Kenya; 6) studies on the relationship between fertility and grassland vegetation in the steppe soils of central Asia with the Kazakh Institute 
of Agriculture (KIA); 7) investigation of the production of cloned sheep in central China; and 8) studies of methods for sustaining pasture 
plants in South America in collaboration with the International Center for Tropical Agriculture (CIAT) in Colombia. 

The Division receives numerous requests from developing countries to pursue collaborative research, primarily concerning the incorporation 
of biotechnological applications and enhancement of overall levels of research. In order to address such needs, the Division has been 
promoting basic research on JIRCAS's Tsukuba premises in support of overseas activities. Beginning in 1999, one domestic project will 
investigate nitrogen-fixing endophytic bacteria in pastures. 


Photo: The number of water buffalo is now declining in Thotttmd. However, a series of trials revealed its superior adaptability to a low 

quality diet 


Division Topicl: Analysis of chitinolytic enzyme genes of a mycoparasitic bacterium Flexibacter sp. FL824A 
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ANIMAL PRODUCTION AND GRASSLAND DIVISION Topic 1 

Analysis of chitinolytic enzyme genes of a mycoparasitic 
bacterium Flexibacter sp. FL824A 


The purpose of this study was to develop a means of disease control in plants by utilizing lytic microorganisms. We detected lytic activity in 
mycoparasite Flexibacter sp. FL824A toward several plant pathogenic fungi. This lytic activity consisted of the secretion of lytic enzymes, 
chitinolytic enzymes (chitinases and N-acetylglucosaminidases). M ,3-glucanases and proteases. Because chitin, poly- 
:-l,4-N-acetyglucosamine [(GlcNAc) n .] ) j s a ma jor structural component of the cell walls of fungi, chitinolytic enzymes are considered to 
play an important role in the mycoparasitic process. In the first step of our study, we analyzed the genes of chitinolytic enzymes from 
Flexibacter sp. FL824A. 

We first constructed a genomic library of Flexibacter sp. FL824A using pUC19 and Escherichia coli. Hydrolysis activity of the crude protein 
of the transformants was determined by using analogs of chitin derivatives, 4-methyl umbelliferyl-)-D-N,N'-diacetylchitobioside 
[4-MU-(GlcNAc)2] or 4-methyl umbel liferyl-:-D-N,N'.N"-triacetylchitotriose [4-MU-(GlcNAc)3] as substrates. Among 6,000 transformants 
tested, four clones showed positive activity and fell into two groups according to their specificity to the substrates ( Table 1) . We selected two 
clones CHF 1149 and CHF 1351 , based on activity level, specificity to the substrates, size of DNA-inserted fragments, and digestion pattern 
of the inserts using restriction endonucleases. 

An open reading frame (ORF) of4236 bp was found to code for a chitinase with 1412 amino acids based on the nucleotide sequence and 
deduced amino acid sequencing of an 8.7-kbp insert of pCHF 1149. Homology analysis of the deduced amino acid sequence of this protein 
revealed that the enzyme had a multiple domain structure consisting of at least seven domains ( Fig. 1) . The most interesting property of the 
enzyme was that it had two catalytic domains, one homologous to the catalytic domain of chitinase A1 of Bacillus circulans WL-12 on the 
N-terminal side of the protein, and the other homologous to that of chitinase D of the same bacterium on the C-terminal side. 

The DNA sequence of 5.0 kbp of the DNA-inserted fragment of pCHF 1351 was determined after subcloning. An open reading frame (ORF) 
of 1962 bp was found to code for a putative protein with 654 amino acids. The protein shared a 25% homology with endo- 
;-N-acetylglucosaminidase of Clostridium perfringens. 

Strong lytic activity of Flexibacter sp. FL824A may be due to the presence of a unique chitinase with two catalyic domains. Further studies 
on the chitinase should be carried out in order to analyze the chitin degradation of this mycoparasitic bacterium. 


Table l. : Enzymatic activity of positive clones using 4-MU-acetvlchitooloeoside as a substrate 

Fie. 1: Schematic representation of the domain structures of chitinases 


(Y. Ando) 
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Table 1. Enzymatic activity of positive 
substrate 

clones using 4-MU-A-acetylchitooligoside as a 


Enzymatic activity (pUnit/ml) 1 * 

Ratio of activity 

Clone 

dimer* 

trimer 

(dimer/trimer) 

Group A 




CHF2778 

7.63 

10.36 

0.74 

CHF260I 

15.81 

26.16 

0.60 

CHF1I49 

232.19 

446.39 

0.52 

Group B 




CHF1351 

768.50 

40.33 

19.06 


1) 1 Unit of enzymatic activity was defined as 1 |imol of 4-MU/min at 37°C. 

2) Dimer, 4-MU-(GlcNAc)>; trimer, 4-MU-(GlcNAc),. 
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ANIMAL PRODUCTION AND GRASSLAND DIVISION Topic2 

Ascaris suum infection in the Mekong Delta Vietnam 
and the application of anthelmintic 


The Mekong Delta is an important region for the pig production industry in Vietnam. Pig production is conducted on small farms in 
integrated farming systems or in the Vuon-Ao-Chung (VAC: Vietnamese for garden-pond-livestock) system that combines agriculture, 
animal husbandry and fisheries for feed from agricultural by-products. Both the economic efficiency of these farms and the income of the 
farmers are very low. In order to increase pig productivity and thus farmer income, it is important to prevent the occurrence of various 
problems relating to feeds and diseases. Helminthic diseases are considered to be associated with low productivity in the VAC 

system, the main cause of economic hardship of the farmers. One of the aims of the present study was to survey the actual conditions of 
nematode infection in the Mekong Delta area. An attempt was also made to investigate the effects of the application of anthelmintic on pig 
growth. 

Eighty-seven fecal samples were collected from pigs from 38 farms in VAC systems in the Mekong Delta area (four provinces). The 
Watanabe sedimentation method was then applied to detect nematode eggs. Counts of eggs per gram (EPG) were carried out to demonstrate 
the effect of anthelminthics on Ascaris suum using a McMaster EPG counting plate, if necessary. 

Eggs of A. suum were detected in 51% (44) of 87 pigs, Metastrongylus spp. in 14% (12), Trichuris suis in 26% (23), Oesophagostomum spp. 
in 14% (12), and Strongyloides ransomi in 5%(4). Results of the investigation also showed that the infective rate of lung worms 
(Metastrongylus spp.) was low. However, swine metastrongylosis is a leading cause of swine pneumonia and disturbs their growth in the 
Mekong Delta. There were distinct differences between the regions surveyed in the infective rate of A. suum. For example, the rate of this 
nematode in the pigs from 12 farms near Cantho University was 100%, whereas it was about 30% in other regions. 

Since the morbidity rate of the A. suum infection is very high, the effect of the Ascaris infection on pig growth was investigated. Each 
positive for the A. suum eggs, six littermates and crossbreeds of Ba Xuyen and Yorkshire weighing approximately 40 kg from the 
Experimental Animal Farm of Cantho University were used in the experiment. Group 1 consisted of 3 pigs treated with 1 ml per 15 kg of 
Polystrongle (injectable form teteramizole hydrochloride, France). Group 2 consisted of 3 untreated pigs. Their body weight was checked 
biweekly for 12 weeks and an EPG count was taken every day for 10 days after treatment. The presence of A. suum eggs was also checked by 
the sedimentation method every week. All the animals were raised under the standard management system utilized by the university's animal 
farm. In the 3 pigs of the treated group, A, suum worms were eliminated within a few days after treatment, and the EPG of this nematode 
reached a value of zero. However, since A, suum eggs were found again 6 weeks later, treatment was resumed. After ingestion of A, suum 
eggs, about 9 weeks were required for adult stage development ( Table 1) . Therefore, it is considered that the presence of this anthelminthic in 
the intestine was effective against nematodes in the adult stages, but not against those in the immature stages. 

While the growth rate of the untreated pigs was low, the growth rate of the treated pigs improved ( Photo 1 ). In the untreated group, the small 
intestine of an emaciated animal contained 12 Ascaris worms ( Photo 2) . The growth of the untreated pigs, which reached a weight of 80 kg, 
was delayed by 2 weeks compared with the treated pigs. Anorexia and diarrhea were not observed in pigs of either group during the 
examination. 

Comparison of treated and untreated pigs showed that the growth rate of the untreated pigs was very low and that this nematode infection 
might be a cause of heavy economic losses for farmers . Calculations showed that the economic loss was about 25,000 Vietnam dong (about 
US$ 2.00) per head on an experimental farm. Low nutrition levels including protein and vitamin A deficiency may exert more deleterious 
effects on the infected hosts. If farmers use anthelminthic therapy for their pigs, the growth period of the pigs may be shortened by at least 2 
weeks. The total cost for the treatment was about 5,000 Vietnam dong. It may be necessary for farmers to use anthelminthic in order to 
increase productivity and produce high quality meat. 


Table.l Changes in esss counts in feces of piss after tetramizole treatment 

Table. 2 Body weight of treated and untreated piss 

Photo 1. Treated (back) and untreated (front) piss on an experimental farm. 

Photo 2. The small intestine and Ascaris Worms from pis No.6. 

(S. Yoshihara) 
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Table 1. Changes in egg counts in feces of pigs after tetramizole treatment 





Group 

Pig 


Days after 

treatment 





No. 1 

2 

3 

4 5 

6 

7 

8 

9 

10 

T malm onl 

1 800 a) 

a) 0 

0 

0 0 

0 

0 

0 

0 

0 


2 900 

0 

0 

0 0 

0 

0 

0 

0 

0 


3 300 

100 

0 

0 0 

0 

0 

0 

0 

0 

C oniml 

4 700 

800 

900 

800 800 

1000 

900 

1100 

900 

1100 

Non treatment 

5 800 

900 

800 

800 800 

800 

800 

900 

1000 

1000 


6 400 

400 

400 

300 400 

400 

400 

400 

400 

600 

a) ;Nmn ber of eggs perg ii feces. 
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Photo 1,Treated (back) and untreated (front) pigs 
on an experimental farm. 
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Photo 2. The small intestine and jAsear/s worms 


from pig No,6. 
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Table 2. Body weight of treated and untreated pigs 





(Unit: kg) 

Group 

Pig 


W eeks 

after 

treatm ent 



No. 

0 

2 

4 

6 

8 

10 

12 

Treatm ent 

1 

37 

44 

51 

60 

79 

81 

89 


2 

40 

45 

52 

60 

70 

82 

89 


3 

39 

44 

51 

58 

68 

80 

90 

Control 

4 

41 

46 

52 

59 

66 

74 

82 

Non treatment 

5 

39 

44 

50 

57 

64 

72 

81 


6 

42 

46 

51 

58 

66 

69 

72 
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FORESTRY DIVISION 

As increasing demands for food compel farmers to exploit ever greater levels of arable land, natural forest cover has declined sharply, 
particularly in developing areas of the world. In turn, forest degradation has generated serious economic and environmental problems, not 
only at local levels but also on a global scale. Providing for rehabilitation and sustainable management of forest areas therefore remains an 
urgent issue, and improving forest production systems and post harvest technologies in local communities can be viewed as an essential 
means of stanching forest decline. 

The Forestry Division conducts a wide range of research in developing countries, 
addressing issues from production to end-use. Projects undertaken by the Division 
generally fall under one of two categories, consisting of silvicultural and forest 
management technologies and processing technologies for forest products. These projects 
involve our researchers in disciplines such as silviculture, plant ecology and 
eco-physiology, soil science, entomology, mycology, forest mechanization, 
socio-economics, and wood technology. 

Enrichment and rehabilitation of degraded forests are the first steps in the development of 
sustainable management in forest reserves. In an effort to make these initial goals 
attainable, the Forestry Division has concentrated its research on developing relevant 
technologies in silviculture, site evaluation and pest control, while paying due 
consideration to natural environmental conditions. 

At the same time, the Division has recently initiated studies on species behavior, systems for natural forest regeneration, enrichment planting 
methods, and harvesting systems. These are designed to support sustainable production of forest products, which constitute a principal trading 
commodity in thirty-three developing countries around the world. If achieved, sustainable production will help to stabilize levels of 
exploitation, both in natural forests and plantations . 

Finally, the Forestry Division has focused research on problems of shifting cultivation, which remains a leading cause of forest degradation in 
some areas. Such problems require the development of forest production and planning systems for stimulating local economies. As rapid 
deforestation continues, the disappearance of various lesser-known tree species and the loss of potential forestry products associated with 
them also grows. For these reasons, the Division believes that evaluative studies are urgently needed, while efforts to upgrade wood 
processing technologies currently available in developing regions should be given greater priority. 

Photo : Homogeneous stand of Rhiz.ovhora mangroves in Matang along Sangga Bears River , Malaysia 



Division Topicl: Vegetation and litter fall in the Matang Forest Reserve, Malaysia 

Division Toplc2: Chlorine-free bleaching of kraft pulp from oil palm empty fruit bunches 
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FORESTRY DIVISION Topicl 

Vegetation and litter fall in the Matang 
Forest Reserve, Malaysia 


A JIRCAS comprehensive research project entitled "Productivity and sustainable utilization of tropical and subtropical brackish water 
ecosystems" is currently underway in 40,711 ha of the Matang Mangrove Forest Reserve near Taiping City, 200 km north of Kuala Lumpur. 
This project has been jointly implemented by the Forestry and Fisheries Divisions of JIRCAS, the Forest Research Institute Malaysia, the 
University of Malaya, and the Fisheries Research Institute of Malaysia. Through studies on mangroves, crabs, plankton, fish, and human 
activities, researchers are evaluating the concept of sustainable management of mangrove forests. This area is particularly well known as an 
example of sustainable management. Under a 30-year rotation system, Rhizophora apiculata (a major species of tree in the mangroves) is 
simultaneously harvested for charcoal and re-planted. 

As part of this project, the Forestry Division of JIRCAS is investigating litter fall (any material that falls from mangrove trees) in three 
different types of mangrove forest. Common types of mangrove forest in this area are a) a mixture of Avicennia spp. and Sonneratia spp., b) 
Rhizophora spp., and c) Bruguiera spp. The distance separating type A from the sea is the shortest of the three, followed by types B and C. 
During the spring tide, the maximum water level of types A and B is 90 and 70 cm above land, respectively. Type A is under water 16 hours 
a day during the spring tide and 10 hours a day during neap tide. In comparison, type B is under water 11 hours and 8 hours respectively, 
while, even during the spring tide, type C is slightly above water level during the majority of the year. The variety in vegetation of the 
mangroves is a result of the difference in water level. 

Litter fall for each type throughout the year is shown in Fig. 1 . The total mass of litter fall in types B and C is nearly equivalent ( Fig. 1) , 
while that of type A is roughly half. Despite the difference in total mass, the percentage of leaf weight is similar in all forest types. Leaves 
account for 56-58% of the total litter fall mass, implying that leaves are the major components of litter fall in all the forest types. 

The mangrove tree is unique not only for its shape but also for the movement of its fallen leaves. In lowland and hill forests, which are also 
present in Peninsular Malaysia, most fallen leaves decompose on the forest floor, In contrast, in type A mangrove forests most fallen leaves 
are washed out to sea during both spring and neap tides. In a type B forest, fallen leaves are washed out during the spring tide, although most 
of the leaves remain during the neap tide. Finally, most leaves remain in the spring and during neap tides in a type C forest. Leave movement 
determines the fertility of the soil and the food chain of the mangrove ecosystem. 

Although the flora of mangrove forests is relatively simple compared to that of the other forest types in Malaysia, it prevents the land from 
sinking and protects the sea from becoming polluted with sewerage output. Unfortunately, mangroves are disappearing rapidly due to the 
development of fish and prawn ponds and other human activities. The Matang Forest Reserve offers an excellent example of sustainable 
forest management. 


Fig. 1 : Litter fall of three different forest twes from January 1996 to January 1997. 


(Y. Ochiai) 
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Chlorine-free bleaching of kraft pulp from oil palm empty fruit bunches 



Chlorine-free bleaching of kraft pulp from 
oil palm empty fruit bunches 


FORESTRY DIVISION Topic2 


Empty fruit bunches (EFB, Photo 1) are lignocellulosic residues from palm oil production in Malaysia and other tropical countries. Recent 
attempts to produce pulp for paper-making from EFB by mechanical and chemical pulping mark the first efforts to utilize this potential 
resource. However, little work has been done on bleaching EFB pulp, especially utilizing the more environmentally friendly chlorine-free 
bleaching method. 

In this study, we carried out chlorine-free bleaching on EFB kraft pulp. The bleaching process employed the application of oxygen (0 2 ), 
sulfuric acid (H 2 SO 4 ), ozone (O 3 ), and hydrogen peroxide (H 2 O 2 ). After bleaching, the 

k-number (indicator of lignin content) of the pulp became negligible (Table 1 ), indicating that most of the lignin contained in the pulp can be 
removed without using chlorine compounds as bleaching agents. Both chlorine-bleached and unbleached handsheets of the EFB pulp were 
produced and the paper properties were determined as shown in the table. The brightness, a measure of the whiteness of paper, of the 
bleached pulp handsheets was about 75%. Though this figure is slightly lower than the required brightness of 80% for bleached kraft paper, 
this result shows a strong possibility of achieving the requisite brightness through chlorine-free bleaching of EFB pulp. Opacity is the ability 
of paper to hide or mask a color or object. The figure obtained for the bleached handsheet in this study was found to be comparable to that of 
commercial paper. 

Handsheet paper strength, which is indicated by tensile index, stretch, tear index, and burst index, did not change significantly from before 
and after the bleaching process. Thus, the effects of the bleaching process on handsheet properties are negligible. Moreover, the EFB 
bleached pulp displayed comparable strength to some hardwood pulps, indicating that EFB has potential to serve as a raw material for 
chemical pulp through chlorine-free bleaching. 


Photo 1. Oil palm tree with a bunch of ripe fruit. An empty fruit bunch (EFb) consists of the remaining bunch after fruit removal 


Table 1. Properties of EFB kraft pulp 


(R. Tanaka) 


BACK. i 


T HOME 1 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/FDtopic2.htm [1 01112002 9:35:30 PM] 










http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/forestry.d-topic2-1.jpg 



http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/forestry.d-topic2-1 .jpg [10/7/2002 9:35:32 PM] 



http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/divisions/forestry.d-topic2-2.jpg 


Bleaching processes 

unbleached 

0 acid—* 0, 

0,—» acid—» 0, 

—» H ,0 2 

K-number 

14.9 
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- 

B rightness (% ) 

27.6 

55.3 

73.9 

Opacity (%) 

98.4 

85.6 

72.4 

Tensile index (Nm/g) 

67.3 

67.5 

63.9 

Stretch (%) 

4.87 

5.88 

4.98 

Tear index (mNm : /g) 

12.5 

13.0 

11.7 

Burst index (kPam : /g) 

5.33 

5.60 

5.05 

Table 1. Properties of EFB kraft pulp 
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FISHERIES DIVISION 


As an initial phase (1994-1998) in international collaborative activity in the field of fisheries, the Fisheries Division has initiated five major 
research projects in Asian countries, including efforts to improve the management of fisheries resources and the coastal environment in 
Malaysia and Indonesia, aquaculture in Thailand and Vietnam, and fisheries product processing in China. In addition to these studies, the 
Division has also endeavored to secure the participation of Southeast Asian countries in a research project targeting prawn viral diseases. 

In 1995, the Division initiated its first international collaborative research project on fisheries resource management in Malaysia with the 
Fisheries Research Institute (FRI) and the University of Malaya (UM). This multidisciplinary project, which examines the productivity and 
sustainable utilization of brackish water mangrove ecosystems, involves the integration of studies in fisheries, forestry, agriculture, and 
socio-economics. JIRCAS has successively dispatched two senior researchers to Penang and Kuala Lumpur, Malaysia, to provide long-term 
oversight for the project, and several short-term scientists specializing in fish larval ecology, crustacean ecology, and marine chemistry have 
also participated. In December 1998, members of the project team conducted an international seminar on brackish water mangrove 
ecosystems that brought together researchers from FRI, UM, and the Forest Research Institute Malaysia (FRIM). 

At the same time, the Division remains involved in several other ongoing projects. These include collaborative studies on the environmental 
management of coastal water in Indonesia based on ecological and chemical analyses now being conducted in Maros, South Sulawesi, 
Indonesia, in conjunction with the Research Institute for Coastal Fisheries (RICF) under the jurisdiction of the Central Research Institute for 
Fisheries (CRIFI). The project aims to deepen understanding of the ecology of plankton and related environmental factors in ways that may 
improve marine resource management methods. One researcher has been dispatched to Maros as a long-term residing scientist. 

The Division's collaborative work on the development of sustainable aquaculture technology in Southeast 
Asia also continued at Kasetsart University in Bangkok, Thailand. In addition, the Division has been 
participating in a comprehensive project entitled "Evaluation and improvement of farming systems 
combining agriculture, animal husbandry, and fisheries in the Mekong Delta" with the College of 
Agriculture at Cantho University in Vietnam. This project involves multidisciplinary studies of integrated 
farming systems to address problems in rice production, animal husbandry, freshwater aquaculture, and 
socio-economics. Research in fisheries and freshwater aquaculture comprises an important part of the 
project, in particular as it relates to technologies for the production of prawn and fish fry, the prevention of 
disease among prawn and fish, and the utilization of new feed resources for freshwater aquaculture. To 
oversee components of the project which relate to fisheries management, JIRCAS has dispatched on 
short-term bases one researcher specializing in crustacean endocrinology and two Fisheries Agency 
scientists specializing in fish disease and fisheries nutrition. 

Concerning the processing of fisheries products, the Division has continued collaborative research on 
postharvest and processing of freshwater fish in China with the Faculty of Food Science and Technology 
at the Shanghai Fisheries University. One senior researcher has been dispatched successively to Shanghai, 
and short-term scientists specializing in postharvest technology have visited to lend support to the project. 

Finally, under the auspices of the JIRCAS Visiting Research Fellowship Program, one counterpart scientist from Cantho University in 
Vietnam currently resides in Tsukuba and is undertaking cooperative studies on aquatic animal physiology over a two-year period. Past and 
future fellows are expected to become core scientists in JIRCAS's counterpart institutions and to contribute to the continued development of 
collaborative studies. 



Photol : Prawn and mussel polyculture in a pond in Thailand 

Photo2 : Mussels attaached to a bamboo stalk kept in a culture pond for black tiger prawn 

Division topic 1: Gel formation properties of surimis made from freshwater fish in China 

Division topic2: Characterization of vitellogenin from the giant freshwater prawn Macrobrachium rosenbergii 
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Gel formation properties of surimis made 
from freshwater fish in China 


FISHERIES DIVISION Topic 1 


Despite the fact that freshwater fish resources in China have expanded rapidly, their distribution sphere and storage period are very limited 
since most freshwater fish are transported as live fish without treatment, such as freezing and processing. As an animal protein resource, 
freshwater fish have not been fully utilized, as in the case of marine fisheries. 

In order to address the above problem, JIRCAS has promoted the development of frozen surimi made from freshwater fish meat in 
cooperation with Shanghai FisheriesUniversity. Frozen surimi is an intermediate foodstuff with high potential for longer shelf life, wider 
distribution area, and diversification of products. In an effort to identify fish species harboring high potential for surimi production, we 
carried out studies on the forming properties and its mechanism of cultured freshwater fish in China. 

Gel forming properties depended on the heating temperature and heating time of different species of freshwater fish. The configuration of 
contour maps was classified into two types (FigT). That is, the surimi gels of the left line in Fig.l showed the shape of a U character, since 
the gels tends to collapse by heating at an intermediate temperature zone (around 60°C). The surimi gels of the right line showed the shape of 
a plateau, since the gels degradation phenomena was small at an intermediate temperature. Surimis made from tilapia and grass carp showed 
a stable gel forming ability at high heating temperatures (around 85°C) and a high resistance of gel degradation at intermediate heating 
temperatures (around 60°C). However, in the two-step heating process, these species of fish did not form a strong gel under low temperatures 
(around 30°C) and a subsequent heating at high temperatures (around 85°C). Therefore, it was determined that tilapia and grass carp surimis 
form a gel in a wide range of heating temperatures and times. Surimis of silver carp and bighead carp showed an enhanced efficiency in gel 
strength under a two-step heating process, although the gels of both surimis demonstrated degradation under heating at intermediate 
temperatures. It was determined that, although silver and bighead carp surimis form a strong gel, their optimum heating temperatures and 
time zone is narrow. Consequently, these four species have a high potential for surimi production. 

In contrast, surimis made from blunt snout bream, common carp, and Chinese snake head have little surimi potential, since the gel forming 
ability at high temperatures was unstable, and gel enhancing ability under the two-step heating was almost non-existent. 

This collaborative research on gel formation properties has led to the production of high quality surimi-based foodstuffs from freshwater fish 
in China. The ultimate goal of this collaborative research is the widespread distribution and consumption of surimi-based products in China. 


Fig.l: Contour may of surimi gels made from freshwater fish and walleye pollack devending on the beating temperature and time 


(Y. Fukuda) 
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Fig. 1 Contour map of surimi gels made from freshwater fish and 
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FISHERIES DIVISION Toyic2 

Characterization of vitellogenin from the 
giant freshwater prawn Macrobrachium 
rosenbergii 


The giant freshwater prawn, Macrobrachium rosenbergii (Photo 1) , is a commercially important crustacean species cultured extensively 
throughout Southeast Asia. In Vietnam, where JIRCAS is currently implementing a comprehensive project entitled "Evaluation and 
improvement of farming systems combining agriculture, animal husbandry and fisheries in the Mekong Delta," M. rosenbergii is considered 
to be an important target species by the Vietnamese Government, and its aquaculture is being actively promoted. Farmers have traditionally 
depended on wild sources to obtain seed for aquaculture but are now faced with dwindling resources and a shortage of natural spawners. 
Development of improved means of artificial seed production for M. rosenbergii in the Mekong Delta is essential. 

JIRCAS is currently implementing basic studies on the reproductive endocrinology of M. rosenbergii as part of the Mekong Delta project. 
Biochemical and molecular biological research is being conducted both at the project site, Cantho University's College of Agriculture, in 
Cantho Province, Vietnam in collaboration with Vietnam counterparts, and on JIRCAS's Tsukuba premises. In addition, although not directly 
related to the project, some of these studies have been carried out under the JIRCAS Visiting Fellowship Program at Tsukuba. 

In M. rosenbergii and most other species of decapod Crustacea, reproduction is thought to be under the control of various hormones, 
including vitellogenesis inhibiting hormone (VIH) and vitellogenesis stimulating hormone (VSH). The presence of VIH in the eyestalk has 
been well-established, but less is known about VSH which is thought to originate in the brain and thoracic ganglia. Furthermore, regulatory 
mechanisms of vitellogenesis in Crustacean remain unclassified; this is due in great part to the fact that the biochemical nature of vitellogenin 
(yolk protein) is not fully known. Thus, the chemical characterization of vitellogenin and the elucidation of regulatory hormones responsible 
for reproduction are highly urgent. 

In most crustacean species,vitellogenin exists as the precursor of yolk protein and has a molecular mass of more than 200 KDa. In M. 
rosenbergii, vitellogenin is thought to be first synthesized in the hepatopancreas and thereafter secreted into the hemolymph. Then, during 
vitellogenesis, vitellogenin is taken into the ovary and processed into several subunits to serve as an important source of nutrients during the 
processes of ovarian and embryonic development. These subunits are known as vitellin. 

In this research, vitellin was first extracted from a mature ovary. After filtering the extracts with microconcentrators to cut off low molecular 
weight proteins, the filtrate was subjected to reversed-phase high pressure liquid chromatography (HPLC). Four major proteins (fractions A, 
B, C and D) were separated using a linear gradient of acetonitrile/trifluoroacetic acid (TFA) (Fig. 1) . The results of Western blotting 
suggested that the 4 fractions were vitellins. Using TOF (time-off-flight) mass spectrometry,it was observed that the 4 fractions recovered 
from HPLC exhibited protonated molecular ion peaks at m/z 89560.7, 88721.1, 88963.6, and 88900.9, respectively, indicating molecular 
weights of approximately 90 KDa for all vitellins . The four fractions were initially subjected to N-terminal amino acid sequence analysis, 
and we were able to identify more than 30 amino acid residues. To obtain more information about the amino acid sequences, the four 
fractions were digested with lysyl endopeptidase and the digested fragments were separated by reversed-phase HPLC on an ODP-50 column 
with a linear gradient of acetonitrile/TFA. A total of 48, 53, 57 and 46 fragments (for fractions A, B, C and D, respectively) were thus 
obtained and amino acid sequences for several of these fragments were determined. 

In order to clone the four cDNA-encoding fractions (fractions A, B, C and D), total RNA isolated from the ovary and hepatopancreas was 
subjected to reverse transcription (RT) reaction in order to synthesize cDNA. Then, the resultant cDNA Were subjected to polymerase chain 
reaction (PCR) using degenerate oligonucleotide primers. The PCR products were subcloned into a plasmid vector and analyzed to determine 
the DNA sequences. The complete DNA sequences of the four vitellin cDNAs Were determined and the conceptually translated amino acid 
sequences were identical to those of the N-terminal and lysyl endopeptidase fragment sequences. In subsequent research, this will enable us 
to determine the DNA sequences of the four vitellins by constructing cDNA libraries from the ovary and hepatopancreas. The genes encoding 
the four vitellins will then be screened from the cDNA libraries using probes and their sequences will be determined using a DNA sequencer. 

In addition, in order to identify the synthetic site of vitellogenin, specific expression of mRNA is being analyzed by Northern-hybridization. 
The site of expression of mRNA for fractions C and D has already been identified as the hepatopancreas. Furthermore, in order to obtain a 
complete picture of the dynamics of vitellogenin synthesis, expression ofmRNA in various tissues (hepatopancreas, ovary, hemocytes, 
subepidermal adipose tissue and muscle) are being analyzed at different stages of reproduction. 

The expression of the four vitellin mRNAs will serve as a basic tool for developing a bioassay system which will enable us to identify VIH 
and VSH. Using such a bioassay system, the role of VIH and VSH, as well as of other factors in regulating vitellogenesis, may be examined. 

This research will contribute to a further understanding of the endocrine regulation of vitellogenesis in Crustacea and this knowledge will be 
useful not only from the point of view of basic research but will also have practical applications in commercial culture of M. rosenbergii. 
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This research is expected to be especially relevant in controlling female reproduction in captivity and improving seed production technology. 

(M.N. Wilder and Y-J.Yang) 


Photo 1. Macrobrachium rosenbergii being main-tained at JIRCAS. 

Fig. 1, Reversed- phase HPLC elution profile of extracts from Macrobrachium rosenbergii ovary. 
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OKINAWA SUBTROPICAL 
STATION 


The Okinawa Subtropical Station was established in 1970 as a field experiment station for the Tropical Agriculture Research Center (TARC), 
which was reorganized into JIRCAS in 1993. It is located on Ishigaki Island, nearly 2,100 km southwest of Tokyo. As annual 
temperatures on the island average 24°C, the Station provides the most suitable location in Japan for research concerning subtropical 
and tropical agriculture and the development of techniques and technologies appropriate for the constraints of warm climates. 



During Fiscal Year 1998, Station personnel consisted of 24 researchers divided 
among 7 research sections involved in projects relating to genetic resources, 
biotechnology, plant physiology, plant breeding, plant protection, and soil science. In 
addition to the permanent research staff, 9 scientists were invited from Bangladesh, 
China, Cuba, Ecuador, India, and Thailand under the auspices of the Visiting 
Research Fellowship Program at Okinawa overseen by the International Research 
Section. 


One notable achievement of the researchers and visiting fellows was the development 
and official release of a heat-tolerant vegetable variety in 1998. Named "Haibushi," 
this snap bean can attain great yields of more than 2 tons/ha/season, even during the 
very warm mid-summer of Ishigaki Island. The success of the bean prompted the 
Station to initiate research on the physiological and genetic analysis of heat-tolerance 
in crops and on the practical development of successful varieties. Having commenced 
in 1998, this five-year research program will be done in cooperation with Ryukyu University, Nagoya University, and the Tokyo University 
of Agriculture and is sponsored by the Bio-oriented Technology Research Advancement Institution's (BRAIN) grant of approximately 100 
million yen per year. 


Photo: Rice planting in Okinawa 


Division Topic 1: Partial male sterility observed in some Japanese varieties of rice caused bv short dav-fensth conditions on Ishigaki Island 

Division Topic2: Detection of bruchid-resistant strains in wild relatives of the azuki bean 

Division Topic3: A fungal epiphyt e(Ephelis sp.)of grasses on Ishigaki island and its effect on the feeding of two insect pests 
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OKINAWA SUBTROPICAL STATION Topic 1 

Partial male sterility observed in some 
Japanese varieties of rice caused by short 
day-length conditions on Ishigaki Island 


A low degree of seed fertility has been observed in some varieties of Japanese rice when cultivated under short day-length conditions on 
Ishigaki Island. In this study, the seed sterility of Shinrei, a Japanese cultivar, under shorter day-length conditions was 30% (sown on July 15) 
and 61 % (sown on August 28) as compared with a seed sterility of 4% when it was cultivated under longer day-length conditions (sown on 
March 4). In the three plots cited above (July 15, August 28, and March 4), the average day-length of the 20 days before heading was 12 
hours and 51 minutes, 11 hours and 53 minutes and 13 hours and 4 minutes, respectively. The average temperature of the 2 weeks before 
heading was 27.4°C, 25.6°C and 23.0°C, respectively. A similar tendency in seed sterility was observed in the varieties of Nipponbare, 
Akenohoshi, and Hinohikari, which were adapted mainly to the region west of the Kanto plain. 

On the other hand, there were some varieties that showed no difference in the degree of seed sterility among the three plots. The seed sterility 
of Koshihikari was 8%, 7%, and 9% for plots sown on July 15, August 28 and March 4, respectively. This tendency was observed in the 
varieties of Akitakomachi, Sasanishiki, and Hitomebore, which were adapted mainly in the Tohoku and Hokuriku areas. 

When Shinrei was cultivated under short-day treatment (9 hours day-length), we observed a decrease in the length of the anthers at the 
flowering stage (Fig. 1 ), however the length of the palea was not affected. The number of pollen grains per anther was 320 and the seed 
sterility was 280/0 under short-day treatment, while 820 pollen grains per anther and 3% seed sterility were observed under long-day 
treatment ( 14 hours day-length). The seed fertility of Shinrei grown under short day-length was restored to the normal level by 
cross-pollinating with Koshihikari. When long-day treaiment ( 14 hours day-length) was given to Shinrei after flower bud formation, partial 
restoration of anther length, number of pollen grains per anther, and seed fertility were observed. 

It was concluded that the partial male sterility observed in some Japanese varieties of rice with underdeveloped anthers and reduced pollen 
grains per anther was caused by both the extremely accelerated flower bud formation and rapid reproductive growth under short day-length 
conditions on Ishigaki Island. 

(O. Ideta and M. Okamoto) 


Fie. 1. Underdeveloped anthers at flowering stage observed in Shinrei. Underdeveloped anthers caused by the short-day treatment are shown 

in the center and on the right. A normal type of anther developed under the long-day treatment is shown on the left. 
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OKINAWA SUBTROPICAL STATION Topic2 

Detection of bruchid-resistant strains in wild relatives of 
the azuki bean 


The azuki bean, Vigna angularis var. angularis (2n=22, 2x) is one of the most familiar legumes to 
Japanese people. It is known that several related wild species of azuki bean occur in Asia. Wild 
relatives (germplasm) are the primary and secondary gene pools for breeding of the cultigens. Wild 
germplasm, however, is now confronted with gradual extinction due to natural habitat disturbance. 
Against this background, we have collected wild azuki bean germplasm in Southeast Asian countries. 

The azuki bean weevil ( Callosobruchus chinensis) causes serious damages to azuki bean, mungbean 
and cowpea seeds during storage. One accession of wild progenitor species of mungbean ( V.. radiata 
var. sublobata), TCI966, is known to exhibit a complete resistance against C, chinensis. However, 
since reproductive isolation exists between the azuki bean and mungbean, it was impossible to 
incorporate the resistance from TC 1966 to the azuki bean through conventional crossing procedures. 
Therefore, we examined wild azuki bean germplasm, including V. angularis var. nipponensis (wild 
progenitor of azuki bean), V. nakashimae, V. nepalensis, V. minima var. minor, V. hirtella, V. 
umbellata and V. trinervia, etc., to detect within them the occurrence ofbruchid-resistant strains. 

In feeding tests ofthe azuki bean weevil, V. hirtella, V.umbellata and V. trinervia, exhibited resistance 
against the infestation by C. chinensis, although other species were highly susceptible. V. hirtella is 
distributed in India (Assam, Bengal), Myaumar. Thailand, Indo-China, South China and Malaysia. The 
from northern Thailand by JIRCAS. Cross-compatibility of V. hirtella with the azuki bean was high and 
we successfully obtained fertile F 1 hybrids between them (Photo 1) . At present, we are backcrossing the FI hybrids with the azuki bean to 
develop bruchid-resistant lines. The wild form of V. umbellata is distributed widely in northern Thailand and several accessions have been 
collected by JIRCAS. Hybridization between the azuki bean and V. umbellata was impossible. V. minima var. minor was, however, 
cross-compatible with both the azuki bean and V. umbellata and could be useful as a bridging species for gene flow between them. To 
develop a resistant line of the azuki bean, we will transfer the resistance gene(s) of V. umbellata first to V. minima var. minor by backcrossing 
this species recurrently to a hybrid of V. umbellata and V .minima var. minor, and will then incorporate the resistance to the azuki bean from 
V. minima var, minor. Geographical distribution of V. trinervia ranges from Madagascar, through South India, Sri Lanka. Myaumar and 
Indonesia, to New Guinea. We have successfully collected a sufficient amount of accessions from peninsular Malaysia. Cross-compatibility 
of V. trinervia with the azuki bean has yet to be analysed. 

(Y. Egawa and K. Kohno) 

Photo 1 . Cmss-eompatihihty of V, hirtella with the azuki bean was high and we successfully obtained fertile FI hybrids between them 
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OKINAWA SUBTROPICAL STATION Topic3 

A fungal epiphyte(Ephelis sp.)of grasses on 
Ishigaki island and its effect on the feeding of 
two insect pests 


Ephelis sp., a fungus belonging to the family Clavicipitaceae, was found on fifteen species of grasses on Ishigaki island, Okinawa; Brachiaria 
mutica (Forsk.) Stpf, Chloris barbata Swarzt, C. divaricata R. Br., Chrysopogon aciculatus (Retz.) Trin, Cynodon Dactylon (L.) Pers., C. 
pletostachyrus (K. Schm.) Pilger, Digitaria decumbens var. koenigii (Retz.) Durand et Schinz, Leptochloa panica (Retz.) Ohwi, Panicum 
Crus-galli, Beauv. var, praticola Ohwi, P repens L., Paspalum scrobiculatum G. Forst, P urvillei Steud. and Erichloa procera C. H. Hubb. 
Sites with the Ephelis infection were most commonly wet areas that had remained undisturbed for many years. The relationship ofthe Ephelis 
fungus to grasses was essentially that of an epiphyie. 

Insect feeding deterrence associated with the presence ofthe Ephelis sp. was detected in choice tests involving infected and uninfected leaves. 
Larvae of the Japanese army worm, Pseudaletia separata, and the adult grasshopper, Aiolopus thalassimus, preferred the uninfected leaves of 
Digitaria decumbens to infected ones. The life-span of adult grasshoppers A, thalassimus that fed on Ephelis -infected Digitaria decumbens 
leaves was shorter than those that fed on Ephelis-free leaves. 


(K. Takahashi) 


Photo 1 , Ephelis stroma on the inflorescence of Brachiaria mutica. 

Photo 2, Adult grasshopper preferential feeding on Ephelis -free leat. 
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Photo 1. Ephelis stroma on the inflorescence of 
Brachiaria mutica. 
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Photo 2. Adult grasshopper preferential feeding on 
Ephelis -free leaf. 
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MISCELLANEOUS PROJECTS OUTLINE 


In addition to international collaborative projects, JIRCAS conducts a variety of miscellaneous projects: domestic projects in cooperation 
with other MAFF institutes; commissioned research, principally in cooperation with universities; cross-ministry and cross-agency projects 
currently involving the Science and Technology Agency and the Environment Agency; and special allotment projects . 

DOMESTIC PROJECTS 

In close cooperation with other related Japanese research institutes, JIRCAS conducts domestic research at its main premises in Tsukuba and 
at its Okinawa Subtropical Station in an effort to support its international collaborative projects. JIRCAS further complements its 
comprehensive projects through its Tsukuba and Okinawa research fellowship programs in which foreign researchers from JIRCAS 
counterpart organizations are invited to carry out studies in support of on-going collaborative projects abroad. 

In addition, these programs also promote positive relationships between JIRCAS and foreign institutions and facilitate future exchanges of 
individual research staff. JIRCAS domestic research has produced a variety of significant results, especially in the areas of drought-resistant 
crop development and world food supply and demand analysis. By focusing on fields where it can effectively utilize its relative superiority in 
research management and coordination, JIRCAS is able to effectively utilize its limited budget and personnel in resolving critical agricultural 
and food supply problems in developing countries. Current domestic research focuses on 1) world food supply analysis; 2) development of 
sustainable agriculture; 3) technology development for the utilization of animal resources; 4) crop tolerance to drought, blight, and low 
temperatures; 5) circulation of nitrogen in soil; 6) the utilization of remote sensing technology for evaluating environmental resources; 7) 
technology for the preservation and utilization of environmental resources; 8) evaluation of foodstuff quality in developing countries; and 9) 
cultivation and practical application of fisheries resources. 


DOMESTIC PROJECTS 


Simulation analysis of world food policies 

(Research Information Division, 1994 - 1 998) 


A comprehensive evaluation of the effects of international trade fluctuation on resources and the environment 

(Research Information Division, 1996 - 2000) 


Analysis and settlement of macro indicators (MI) for water resource changes, affected by changes in agricultural 
production and industrial structure 

(Research Information Division, 1996 - 2000) 


Development of tools for agricultural information analysis using GIS 

(Research Information Division, 1997 - 2002) 


Development of remote sensing methods to evaluate major food crops in Asia 

(Research Information Division, 1998 - 2001) 
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Analysis of genes that are induced by dehydration stress in higher plants 

(Biological Resources Division, 1993 - 1999) 


Effect of cold stress on the phenological development of plants and the analysis of mechanisms for acquiring tolerance to 
cold stress 

(Biological Resources Division, 1998 - 2007) 


Development of wheat lines highly resistant to fusarium head blight by utilizing rice DNA markers 

(Biological Resources Division, 1998 - 2000) 


Genetic analysis of pathogenic microorganisms and the development of its application techniques 

(Biological Resources Division, 1995 - 2000) 


Rice-genome analysis and related projects 

(Biological Resources Division and Okinawa Subtropical Station, 1998 - 2008) 


Development of a predictive MI method for salt accumulation in semiarid areas 

(Crop Production and Postharvest Technology Division, 1996 - 1998) 


Search for possible natural enemies of the golden apple snail and evaluation of their efficacy 

(Crop Production and Postharvest Technology Division, 1997 - 2000) 


Search for endophytes from tropical grasses 

(Animal Production and Grassland Division, 1996 - 1998) 


Elucidation of antagonistic mechanisms of lytic microorganisms against plant pathogenic fungi and development of a 
means of disease control 

(Animal Production and Grassland Division, 1996 - 1998) 
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Establishment of highly profitable agricultural technologies in subtropical,regions through the introduction of 
vegetables and flowers 

(Okinawa Subtropical Station, 1998 - 2002) 


Primary characterization of rice genetic resources 

(Okinawa Subtropical Station, 1 993 - 2000) 


Rapid generation advance breeding of high quality wheat for blend usage 

(Okinawa Subtropical Station, 1996 - 1998) 


Development of the experimental rice Nipponbare 

(Okinawa Subtropical Station, 1998 - 2000) 


Rapid generation advance breeding of rice with adaptability to direct seeding and combined tolerance 

(Okinawa Subtropical Station, 1995 - 2000) 


Evaluation of genetic resources in sugarcane 

(Okinawa Subtropical Station, 1992 - 1 998) 


COMMISSIONED RESEARCH 


Evaluation of salinity tolerance in wild species of rice and elucidation of tolerance mechanisms 

(Okinawa Subtropical Station in cooperation with the University ofthe Ryukyus, 1996 - 1999) 


Mapping of genes related to drought tolerance 

(Biological Resources Division in cooperation with the Institute of Physical and Chemical Research (RIKEN), 1 997 - 1999) 
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Climatic changes in cool, dry areas and accompanying environmental changes for cattle raising 

(Environmental Resources Division in cooperation with Tsukuba University, 1998 -2000) 


RESEARCH PROJECTS WITH OTHER 
GOVERMENT AGENCIES AND MINISTRIES 


In cooperation with the Science and Technology Agency 


Oceanographic investigations: Fluctuations in tropical mangrove forests and evaluation of possible influences 

(Forestry Division, 1990 - 1999) 


Studies on occurrence mechanism of physiological injury in legumes and vegetables 

(Okinawa Subtropical Station, 1998) 


Improvements in postharvest quality and safety of tropical agricultural products 

(Crop Production and Postharvest Technology Division, 1998) 


Efficiency of controlled availability of fertilizers on controlling nitrogen cycling in East Asian cropland 

(Environmental Resources Division, 1998) 


Control of reproduction in shrimps and prawns under artificial conditions 

(Fisheries Division, 1998) 


In cooperation with the Environment Agency 


Studies on the development of technology for soil rehabilitation with salt accumulation in Central Asia 

(Research Information Division, 1996 - 1998) 
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In cooperation with BRAIN 

(Bio-oriented Technology Research Advancement Institution) 


Molecular analysis of drought and salt stress tolerant mechanisms and its application to breeding 

(Biological Resources Division, 1996 - 2000) 


Physiological and genetic studies of heat-tolerance of crops and development of tolerant crops 

(Okinawa Subtropical Station, 1998 - 2002) 


MAFF SPECIAL RESEARCH ALLOTMENTS 


Stabilization of rice culture under water stress in the tropics utilizing a broader spectrum of genetic resources 

(JIRCAS in cooperation with the International Rice Research Institute (IRRI), 1994 - 1999) 


Sustainable cultivation of upland crops in the semiarid tropics 

(JIRCAS in cooperation with International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 1994-1999) 
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INVITA TION PROGRAMS A T JIRCAS 

In keeping with its role as an international research center, JIRCAS has implemented several programs for the invitation of foreign 
researchers and administrators at counterpart organizations. These programs serve to facilitate the exchange of information and opinion 
concerning agriculture, forestry and fisheries administration and to strengthen international research ties with scientists and administrators in 
other countries. Current programs are described in greater detail below. 

1) Administrative Invitation 

Under the Administrative Invitation program, JIRCAS invites administrators from counterpart organizations to the Tsukuba premises to 
engage in discussions and to review ongoing research in order to ensure the smooth running of collaborative projects. Additionally, the 
program introduces administrators to current activities at JIRCAS and related MAFF research organizations. Finally, the program provides 
opportunities for the exchange of information and opinion at the administrative level concerning policy-making and project design, thereby 
contributing to deeper mutual understanding and international cooperation. 

Fifty-seven individual visits to JIRCAS were made during FY 1998 under the Administrative Invitation program, including sixteen 
invitations to the International Symposium and twenty -one invitations to the International Workshop Invited administrators and their home 
institutions are listed here . 

2) Counterpart Researcher Invitation 

The Counterpart Researcher Invitation program provides invitations for periods of up to six months to researchers engaged in collaborative 
work with members of the JIRCAS research staff. Counterparts conduct in-depth research at JIRCAS, at other MAFF research institutes, at 
prefectural research institutes, or at national universities. This invitation program aims both to enhance the quality of research conducted in 
foreign countries and to facilitate exchanges between individual research staff. Thirty researchers were invited under the Counterpart 
Researcher Invitation program during FY 1998. Invited researchers, their affiliated research organizations, and their research activities are 
summarized here. 

3) JIRCAS Visiting Research Fellowship Program 


The Okinawa Visiting Research Fellowship Program was initiated in FY 1992, prior to the 
reorganization of the Tropical Agricultural Research Center (TARC) into JIRCAS. The 
program invites post-doctoral scientists to conduct research for a period of one year at the 
Okinawa Subtropical Station. Researchers must focus on important topics relating to tropical 
agriculture in developing countries within one of several broad categories: the development of 
techniques for environmental control utilizing plants and microorganisms specific to the 
tropics and subtropics, studies on heat-tolerance mechanisms in tropical and subtropical crops, 
the identification and evaluation of salt-tolerant crops, or the evaluation and development of 
long-term conservation techniques of the genetic resources of vegetatively propagated crops 
in the tropics and subtropics. Ten fellows are chosen each year, beginning their terms on 
October 1 and ending on September 30 of the following year. Recent invitees and their research 

More information on the Okinawa Visiting Research Fellowship Program can be obtained by contacting the International Relations Section, 
Japan International Research Center for Agricultural Sciences, 1-2, Ohwashi, Tsukuba, Ibaraki, 305-8686, Japan. (Tel.: +81-298-38-6335 
Fax: +81-298-38-6337; e-mail: irs(a)iircas.affrc.go.ip) . 

Photd.: , OkinawaUell6ws ind : 998,pose.fpr efoup photograph 

4) JIRCAS Visiting Research Fellowship Program at Tsukuba 


Okinawa 



activities are summarized here. 
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A program similar to the Okinawa Visiting Research Fellowship Program has been implemented 
on the Tsukuba premises since October 1995. The Tsukuba Visiting Research Fellowship Program 
aims to promote collaborative research to address various problems confronting countries in 
developing regions. The program allows for the invitation of six to eight researchers per year. Four 
researchers engage in two-year projects at JIRCAS and two to four researchers conduct short 
five-month projects at the National Institute for Agrobiological Resources (NIAR). Recent invitees 
and their research activities are listed here. 

More information on the Tsukuba Visiting Research Fellowship Program can be obtained by 
contacting the International Relations Section, Japan International Research Center for 
Agricultural Sciences, 1-2, Ohwashi, Tsukuba, lbaraki, 305-8686. Japan. (Tel. : +81-298-38-6335 
Fax: +81-298-38-6337; e-mail: lrg@jrtCas:afffe.sd.i6 )■ 

Photo : Host scientist and Tsukuba fellow engaged in experiment on prawn physiology at the Fisheries Division 

5) Other fellowships for visiting scientists 

The Government of Japan sponsors a post-doctoral fellowship program for both Japanese and foreign scientists through the Science and 
Technology Agency (STA). The program places post-doctoral fellows in national research institutes throughout Japan according to research 
theme and prior arrangement with a host scientist for a term of generally 1-3 years. Fellowships can be undertaken in any of the ministries 
and many fellows are currently working at the various institutes of the Ministry of Agriculture, Forestry and Fisheries (MAFF). In 1998, the 
following visiting scientists resided at JIRCAS: Dr. Chien Hsiaoping (People's Republic of China), Research Information Division; Dr. Park 
Kwang-Lai (Korea), Enviroumental Resources Division; Dr. Wei-Jun Yang (People's Republic of China), Fisheries Division; Dr. Harvinder 
Singh Talwar (India), Okinawa Subtropical Station; Dr. Yan Xiaoyuan (People's Republic of China), Environmental Resources Division; and 
Mr. Michael J. Christensen (New Zealand), Okinawa Subtropical Station. In addition, three Japanese fellows, Dr. N. Aoki, Biological 
Resources Division; Dr. T. Kitamado, Fisheries Division; and Dr. M. Sakagawa, Environmental Resources Division, also conducted research 
at JIRCAS. The Environment Agency of Japan also sponsors a post-doctoral fellowship program for foreign scientists. Dr. Yao Heng 
(People's Republic of China) resided at the Environmental Resources Division, JIRCAS. 


BACK H O M H 
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Administrative Invitation Program Invitees 


Under the Administrative Invitation program, JIRCAS invites administrators from counterpart organizations to the Tsukuba premises to 
engage in discussions and to review ongoing research in order to ensure the smooth running of collaborative projects. Additionally, the 
program introduces administrators to current activities at JIRCAS and related MAFF research organizations. Finally, the program provides 
opportunities for the exchange of information and opinion at the administrative level concerning policy-making and project design, thereby 
contributing to deeper mutual understanding and international cooperation. 

Fifty-seven individual visits to JIRCAS were made during FY 1998 under the Administrative Invitation program, including sixteen 
invitations to the International Symposium and twenty -one invitations to the International Workshop Invited administrators and their 
home institutions are listed below. 





Dr. Akke van der Zijpp 

Deputy Director General 

International Center of Insect and Physiology and 
Ecology (ICIPE) 

Kenya 

Jul 5-7, 1998 

Mr. Panus Songserm 

Director 

Khon Kaen Field Crop Research Center 

Thailand 

Sep. 3-12, 1998 

Dr. H. Suyamto 

Director 

Research Institute for Legume and Tuber Crops 
(RILET) 

Indonesia 

Sep. 8-15, 1998 

Dr. Monty Patrick Jones 

Leader of Rainfed Program, 

Principal Rice Breeder 

West Africa Rice Development Association 
(WARDA) 

Cote d'Ivoire 

Oct. 5-15, 1998 

Dr. Ronald P. Cantrell 

Director General 

International Rice Research Institute (IRRI) 

The Philippines 

Nov. 17-20, 1998 

Dr. Zhu Xigang 

Director General 

Institute of Agricultural Economy, Chinese 

Academy of Agricultural Sciences 

People's Republic of China 

Nov. 23-Dec. 4, 1998 

Dr. Ananta Dalodom 

Director General 

Department of Agriculture 

Thailand 

Dec.7-12, 1998 

Mr. Paiwit Watanavitawas 

Director 

International Training Center for Agricultural 

Development 

(ITCAD) 

Thailand 

Dec.7-12, 1998 

Dr. Abdul Razak bin Mohd 
Ali 

Director General 

Forest Research Institute Malaysia 

Malaysia 

Feb.7-14, 1999 

Dr. Mohd. Azemi Mohd. 
Noor 

Dean 

School of Indusinal Technology, University Sains 
Malaysia 

Malaysia 

Feb. 12-19, 1999 

Mr. Pan Honggen 

Sub-leader 

Support Group of Sino & 

Japan Collaborative Research, 

Shanghai Fisheries University 

People's Republic of China 

Feb. 17-24, 1999 
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Mr. Cai Hong fa 

Director General 

China National Rice Research Institute 

People's Republic of China 

Feb. 21-27, 1999 

Mr. Lu Yong liang 

Section Chief 

China National Rice Research Institute People's 
Republic of China 

Feb. 21-27, 1999 

Ms. Xu Qing 

Deputy Section Chief China National Rice Research 
Institute People's Republic of China 

Feb. 21-27, 1999 

Mr. Ismail bin Awang 
Kechik 

Director Fisheries 

Research Institute, Department of Fisheries 

Malaysia 

Malaysia 

Mar. 8-17, 1999 

Dr. Henk Breman 

Director General 

International Fertilizer Development Center 
(IFDC)-Africa 

Togo 

Mar. 13-20, 1999 

Dr. Stella Zerbino 

Entomologist 

Instituto Nacional de Investigacion Agropecuaria, 

La Estanzuela 

Uruguay 

Mar. 22-27, 1999 

Dr. Azmi Man 

Senior Research Officer 

Food and Industrial Crop Center 

Malaysian Agricultural Research and Development 
Institute (MARDI) 

Malaysia 

Mar. 22-27, 1999 

Mr. Ho Nai Kiri 

Senior Agricultural Officer 

Agricultural Division, Muda Agricultural 
Development Authority (MADA) 

Malaysia 

Mar. 22-27, 1999 

Dr. Pham Sy Tan 

Head of Agronomy Division 

Cuu Long Delta Rice Research Institute (CLRRI) 
Vietnam 

Mar. 25-31, 1999 

Dr. Vo-tong Xuan 

Director 

Mekong Delta Farming System Research and 
Development Institute, Cantho University 

Vietnam 

Mar. 26-31, 1999 

International Symposium Invitees, FY 1998 

Dr. Le Van To 

Director 

Post-Harvest Technology Institute 

Vietnam 

Sep. 8-12, 1998 

Dr. Silvesta C. Andales 

Executive Director Bureau of Postharvest Research 
and Extension 

The Philippines 

Sep. 7-12, 1998 

Dr. Jingtair Siriphanich 

Associate Professor 

Kasetsart University 

Thailand 

Sep. 8-12, 1998 

Dr. Feng Shuangquing 

Director 

Department of Food Service, China Agricultural 
University 

People's Republic of China 

Sep. 8-12, 1998 

Dr. Ananthaswamryao 
Ramesh 

Head of Food Engineering Department 

Central Food Technological Research Institute 

India 

Sep. 8-12, 1998 

Dr. Bruce R. Champ 

Former Consultant 

Australian Center for International Agricultural 
Research 

Australia 

Sep. 8-12, 1998 
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Dr. Filipinas Caliboso 

Director 

Bureau of Postharvest Research and Extension 

The Philippines 

Sep. 8-12, 1998 

Dr. Prisnar Siriacha 

Researcher 

Kasetsart Agricultural and Agro-industrial Product 
Improvement Institute, Kasetsart University 

Thailand 

Sep. 8-11, 1998 

Dr. Mulyo Sidik 

Assistant to Ministry of Food and Horticulture 
Indonesia 

Sep. 8-12, 1998 

Dr. Greg Johnson 

Program Manager 

Australian Center for International Agricultural 
Research 

Australia 

Sep. 8-12, 1998 

Dr. Saipin Maneepun 

Director 

Institute of Food Research and Product 

Development, Kasetsart University 

Thailand 

Sep. 8-12, 1998 

Dr. Josue S. Falla 

Director 

Bureau of Postharvest Research and Extension The 
Philippines 

Sep. 8-12, 1998 

Dr. Deng Yong 

Director 

Department of Food Engineering, China 

Agricultural University 

People's Republic of China 

Sep. 8-12, 1998 

Dr. Aman 

Wirakartakusumah 

Vice Rector for Academic Affairs 

Department of Food Science and Technology, 

Inter University 

Indonesia 

Sep. 8-12, 1998 

Dr. Liu Tin-Yin 

Director 

Food Industry Research & Development Institute 
Taiwan 

Sep. 8-12, 1998 

Dr. Cherl-Ho Lee 

Professor 

Center for Advanced Food Science & 

Technology, Graduate School of Biotechnology, 
Korea University 

Korea 

Sep. 7-11, 1998 


JIRCAS/IPGRI Joint International Workshop invitees, FY 1998 | 

Dr. Bart Panis 

Research Scientist 

Catholic University of Leuvan 

Belgium 

Oct. 19-25, 1998 

Dr. David Cyr 

Research Scientist 

BC Research/Silvagen Inc. 

Canada 

Oct. 18-24, 1998 

Mr. Yongiie Wu 

Research Scientist 

Changli Pomology Institute People's Republic of 
China 

Oct. 19-24, 1998 

Dr. Roosevelt Escobar 

Research Scientist 

Centro International de Agricultura Tropical 
(CIAT) 

Colombia 

Oct. 19-25, 1998 

Dr. Dominique Dumet 

Research Scientist 

University of Abertay Dundee England 

Oct. 18-24, 1998 

Dr. Poula Reinhoud 

Research Scientist 

Leiden University 

Holland 

Oct. 19-24, 1998 
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Dr. B.B. Mandal 

Research Scientist 

National Bureau of Plant Genetic Resources 

India 

Oct. 18-24, 1998 

Dr. Enny Sudamonowati 

Research Scientist 

R&D Center for Biotechnology, Indonesian 

Institute of Sciences 

Indonesia 

Oct. 19-24, 1998 

Prof. N. Normah 

Professor 

University Kebangsaan Malaysia 

Malaysia 

Oct. 19-24, 1998 

Dr. S.Y. Choy Ng 

Research Scientist 

International Institute of Tropical Agiculture 

Nigeria 

Oct. 19-25, 1998 

Dr. P.M. Kyesmu 

Senior Lecturer 

Jos University 

Nigeria 

Oct. 19-24, 1998 

Dr. Ali Golmirzaie 

Research Scientist 

International Potato Center (CIP) 

Pem 

Oct. 19-25, 1998 

Ms. Alfinetta B. Zamora 

Laboratory Chief 

Institute of Plant Breeding, University of the 
Philippines at Los Banos 

The Philippines 

Oct. 19-24, 1998 

Prof. Patricia Berjak 

Research Scientist 

University of Natal 

South Africa 

Oct. 20-25, 1998 

Dr. Chalermpol Kirdmanee 

Research Scientist 

National Center for Genetic Engineering and 
Biotechnology 

Thailand 

Oct. 19-23, 1998 

Dr. Barbara Reed 

Research Scientist 

United States Department of 

Agriculture-Agriculture Research Station 
(USDA-ARS) National Clonal Germplasm 
Repository USA 

Oct. 18-25, 1998 

Dr. Darren Touchell 

Research Scientist 

United States Department of 

Agriculture-Agriculture Research Station 
(USDA-ARS) National Clonal Germplasm 
Repository 

USA 

Oct. 19-24, 1998 

Dr. Tien Thinh Nguyen 

Research Scientist 

Nuclear Research Institute 

Vietnam 

Oct. 19-24, 1998 

Dr. Maria Elena Aguilar 

Research Scientist 

Centro Agronomico Tropical de Investigation 
Ensenaanzaa 

Costa Rica 

Oct. 19-24, 1998 

Ms. Ana Abdelnour 

Professor 

Oct. 19-24, 1998 

Esquivel 

Costa Rica Institute of Technology 


Costa Rica 
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Counterpart Researcher Invitation 


The Counterpart Researcher Invitation program provides invitations for periods of up to six months to researchers engaged in 
collaborative work with members of the JIRCAS research staff. Counterparts conduct in-depth research at JIRCAS, at other 
MAFF research institutes, at prefectural research institutes, or at national universities. This invitation program aims both to 
enhance the quality of research conducted in foreign countries and to facilitate exchanges between individual research staff. 
Thirty researchers were invited under the Counterpart Researcher Invitation program during FY 1998. Invited researchers, their 
affiliated research organizations, and their research activities are summarized below. 


FY 1998 


(At Japan International Research Center for Agricultural Sciences, Apr. 1-12, 1998) 


Ms. Zhou Li-pin 

Shanghai Fisheries University People's 

Gel formation in freshwater fish meat by ohmic 


Republic of China 

heating 


(At Japan International Research Center for Agricultural Sciences and National Institute of Sericultural and Entomological Science, Apr. 
1-29, 1998) 


Ms. Anchalee 

Sisaket Sericultural Research Center Thailand 

Studies on the physical properties of Thai poly 

Chuaboonmee 


voltine raw silk for warp yam 


(At Japan International Research Center for Agricultural Sciences and National Food Research Institute, Apr 1 -May 1, 1998) 


Dr. Vipapom Na Thalang 


Department of Research, Kasetsart University 
Thailand 


Study on antioxidant activity of various vegetables 


(At Japan International Research Center for Agricultural Sciences, June 27-Sept. 30, 1998) 


Mr. Anrulfo Gesite 

Bureau of Soils and Water Management The 

Introduction of a low cost runoff under sugarcane 


Philippines 

with various cover crops for erosion control 


(At Japan International Research Center for Agricultural Sciences and National Food Research Institute, July 13-Sept. 14, 1998) 


Mr. Cheng Yong Qiang 


China Agricultural University People's 
Republic of China 


Processing technologies of soybean for improved 
food ingredients 


(At Japan International Reset 

irch Center for Agricultural Sciences, July 15-Se j 

pt. 29, 1998) 

Mr. Hoang Dinh Dinll 

Cuu Long Delta Rice Research Institute 

Vietnam 

Epidemiology ofrice blast disease in the Mekong 
Delta 

(At Japan International Research Center for Agricultural Sciences, July 15-Sept. 29, 1998) 

Mr. Lai VanE 

Cuu Long Delta Rice Research Institute 

Vietnam 

Study on pathogenic diversity of Xanthomonas 
oryzae pv. oryzae distributed in the Mekong Delta 
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(At Japan International Research Center for Agricultural Sciences, Aug. 3, 1998-Feb. 1. 1999) 


Dr. Xu Ming Gang 

Institute of Soils and Fertilizer, Chinese 

Study on nitrogen removal function of paddy 


Academy of Agricultural Sciences People's 
Republic of China 

fields 


(At Japan International Research Center for Agricultural Sciences and National Institute ofAgro-Environmental Sciences, Aug. 26-0ct. 22, 
1998) 


Mr. Surasit Attajarusit 


Soil Science Division, Department of 
Agriculture (DOA) Thailand 


Analysis of soil micro-nutrients of Thai upland 
soils by plasma source micro-nutrient 
spectrometry 


(At Japan International Research Center for Agricultural Sciences, Sept. 2-Nov 25. 1998) 


Dr. Prapai Chairoj 


Soil Science Division, Department of 
Agriculture (DOA) Thailand 


Development of mitigation techniques for gases 
including nitrogen emitted from agro-ecosystems 
in tropical areas 


(At Japan International Research Center for Agricultural Sciences, Sept. 7-16, 1998) 


Dr. Segenet Kelem 


International Center for Tropical Agriculture 
(CIAT) Colombia 


Seminar on the endophyte project 


(At Japan International Research Center for Agricultural Sciences and National Food Research Institute, Sept. 22-0ct. 30, 1998) 


Ms. Erliana Ginting 


Research Institute for Legume and Tuber Crops Evaluation of Indonesian soybean varieties for the 
(RILET) Indonesia processing and improvement of fermented foods 


(At Japan International Research Center for Agricultural Sciences, Sept. 29-Nov 19, 1998) 


Mr. Phongchate Pichitkul 


Kasetsart University 


Thailand 


Studies on nuinent cycles in aquaculture systems 
in Southeast Asia 


(At Japan International Research Center for Agricultural Sciences and Hokkaido National Agricultural Experiment Station, Sept.30, 
1998-Mar 26, 1999) 


Mr. Ye Changrong 

Crop Germplasm Station, Yunnan Academy 

Genetic analysis of cool-weather tolerant rice 


of Agricultural Sciences People's Republic of 
China 

genetic resources using molecular markers 


(At Japan International Research Center for Agricultural Sciences and Hokkaido National Agricultural Experiment Station, Sept. 30, 
1998-Mar 26, 1999) 


Mr. Yang Qinzhong 

Crop Protection Institute, Yunnan Academy 

Genetic analysis on blast disease resistance of 


of Agricultural Sciences People's Republic of 
China 

rice genetic resources using molecular markers 


(At Japan International Research Center for Agricultural Sciences and National Agriculture Research Center, Oct. 1, 1998-Mar 31, 1999) 


Dr. Zhao Guilan 


Soybean Institute, Jilin Academy of 
Agricultural Sciences People's Republic of 
China 


Establishment of soybean transformation methods 
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(At Japan International Research Center for Agricultural Sciences, Oct. 6-Nov 5, 1998) 


Dr. Ren Tianzhi 


Institute of Natural Resources and Regional Modeling methods for managing regional food 
Planning, Chinese Academy of Agricultural balance 
Sciences People's Republic of China 


(At Japan International Research Center for Agricultural Sciences, Nov. 23-Dec. 4, 1998) 


Ms. Xue Guica 


Institute of Agicultural Economy, Chinese Extension of new technology and regional 
Academy of Agricultural Sciences People's agricultural economy management 

Republic of China 


(At Japan International Research Center for Agricultural Sciences, Dec. 1, 1998-Feb. 27, 1999) 


Ms. Liao Lin 

Soybean Institute, Jilin Academy of 

Genetic analysis of soybean mosaic virus 


Agricultural Sciences People's Republic of 

China 

resistance 


(At Japan International Research Center for Agricultural Sciences and National Institute of Animal Industry, Jan. 13-Feb. 11, 1999) 


Mr. Taweesak 

Khon Kaen Animal Nutrition Research Center 

Evaluation of new feed resources by the in-vitro 

Chuenpreecha 

Thailand 

method 


(At Japan International Research Center for Agricultural Sciences and National Institute of Animal Industry, Jan. 13-Feb. 11, 1999) 


Mr. Pimpapom Pholsen 


Khon Kaen Animal Nuintion Research Center 
Thailand 


Comparison of various protein evaluation methods 


(At Japan International Research Center for Agricultural Sciences and Akita Prefectural Food Research Institute, Jan. 27-Feb. 25, 1999) 


Dr. Xue Wentong 

China Agricultural University People's 

Mechanism of gel formation of plant proteins 


Republic of China 

during processing 


(At Japan International Research Center for Agricultural Sciences and National Food Research Institute, Jan. 27-Feb. 25, 1 999) 


Dr. Han Dong Hai 

China Agricultural University 

Suitable technologies for food packaging to 


People's Republic of China 

maintain and extend food quality 


(At Japan International Research Center for Agricultural Sciences, Feb. 6-Mar 5, 1999) 


Mr. Suchart Reanthung 


Soil Survey and Classification Division, Land Analysis and evaluation of site conditions for 
Development Department Thailand sustainable agricultural systems through the use of 

GIS and remote sensing data 


(At Japan International Research Center for Agricultural Sciences, National Food Research Institute and Ibaraki University, Feb. 12-Mar. 
26, 1999) 


Mr. Gontijo Mandarina National Center for Soybean Research, 
Jose Marcos EMBRAPA Brazil 


Chemical analysis on sugars, saponins, and related 
qualitative characteristics of Brazilian cultivars 
and breeding lines of soybean 


(At Japan International Research Center for Agricultural Sciences and Kyushu National Agricultural Experiment Station, Feb. 12-Mar 26, 
1999) 


Mr. Moises de Aquino 

National Center for Soybean Research, 

Comparative analysis of micronutrients in soybean 


EMBRAPA Brazil 

plants and soil 
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(At Japan International Research Center or Agricultural Sciences, Feb. 14-23, 1999) 


Mr. Ja Shangang 


Scientech Documentation and Information C 
enter People's Republic of China 


Agricultural information network in China 


(At Japan International Research Center for Agricultural Sciences, Feb. 14-23, 1999) 


Mr. Shao Changlei 


Scientech Documentation and Information C 
enter People's Republic of China 


Agricultural information network in China 


(Agricultural information network in China At Japan International Research Center or Agricultural Sciences, Feb. 26-Mar 261999) 


Ms. Bazaryn T. Sevelsuren 


Institute of Meteorology and Hydrology, 
Ministry of Nature and Environment Mongolia 


Management of spatial cata related to meteorology 
and hydrology in Mongolia 


(At Japan International Research Center for Agricultural Sciences, Mar 4-25, 1999) 


Mr. Kanit Bureau of Agricultural Economic Research, Consideration of the future perspectives of Thai 

Likhitvidhayavuth Office of Agricultural Economics Thailand agriculture : Focusing on upland crop production 


1 BACK. i 
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JIRCAS Visiting Research Fellowship Program at 
Okinawa 



The Okinawa Visiting Research Fellowship Program was initiated in FY 1992, prior to the reorganization of the Tropical 
Agricultural Research Center (TARC) into JIRCAS. The program invites post-doctoral scientists to conduct research for a 
period of one year at the Okinawa Subtropical Station. Researchers must focus on important topics relating to tropical 
agriculture in developing countries within one of several broad categories: the development of techniques for environmental 
control utilizing plants and microorganisms specific to the tropics and subtropics, studies on heat-tolerance mechanisms in 
tropical and subtropical crops, the identification and evaluation of salt-tolerant crops, or the evaluation and development of 
long-term conservation techniques of the genetic resources of vegetatively propagated crops in the tropics and subtropics. Ten 
fellows are chosen each year, beginning their terms on October 1 and ending on September 30 of the following year. Recent 
invitees and their research activities are summarized below. 


Photo: Okinawa Fellows in 1998 pose for group Photograph. 


>m October 1997 to September 1998 


El-KI Iawas 

Hussein Moustafa 

Cairo University Egypt 

Utilization of plant growth promoting 
rhizobacteria (PGPR) for promoting plant growth 
and saving fertilizer 

Wang Bujun 

Institute of Crop Breeding and Cultivation 

People's Republic of China 

Associations between methane emission and 
methanogenic and methanotrophic bacteria in 
flooded soil as affected by rice cultivars 

Studies on the mechanism 

of heat-tolerance of tropical and subtropical crops 


Liu Jian 

Institute of Stress Plant of Shandong People's 
Republic of China 

Expression of heat tolerance-relative genes in 
tomato reproductive organs. 

Identification and evaluat 

on of salt-tolerant crops 

1 

Safdar Hussain Shah 

Agicultural Research Station, Dhodial Mansehra 
Pakistan 

Physiological, biochemical and genetic 
characterization of salinity tolerance in rice 

Li Chengyun 

Plant Protection Research Institute Yunnan 
Academy of Agricultural Sciences People's 
Republic of China 

Selection and detection of salt responsive mutants 
in rice ( Oryza sativa L.) 

Sumana-singhe Vithanaa 
ra-chchige Ariyawanse 

University of Peradeniya Sri Lanka 

Expression and evaluation of salinity stress related 
genes in Oryza sativa L. 

Masood M. Shahid 

National Agricultural Research Center Pakistan 

Identification and evaluation of salinity tolerance 
in rice ( Oryza sativa L.) using molecular markers 

Bakhtiyor Yaku:bov 

Institute of Genetics Uzbekistan 

Molecular study of the heat-shock inducible genes 
in a highly heat-tolerant variety of Brassica 
oleracea var. capitata L. 

Evaluation and developm 
tropics and subtropics 

9 nt of long-term conservation techniques of genetic 

resources of vegetatively propagated crops in the 

Narinder Pal Singh 
Dhillon 

Punjab Agricultural University India 

RAPD and AFLP analysis of genetic diversity in 
sweet potatoes ( Ipojnea batatas L.) 


from October 1998 to September 1999 



Wang Bujun 


llnstitute of Crop Breeding and Cultivation iMethane emission and carbon cycling in 

People's Republic of China rice fields as affected by elevated 

atmospheric C0 2 concentration and 
environmental factors 


Studies on the mechanism of heat-tolerance of tropical and subtropical crops 
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Md. Abdul Karim 

Institute of Postgraduate Studies in 
Agriculture Bangladesh 

Interactive effect of thermal and irradiance 
stresses on some physiological and 
biochemical parameters of grain legumes 
and mangos 

Liu Jian 

Shandong Teachers' University People's 
Republic of China 

Cloning of heat tolerance-related genes 
from tomato reproductive tissue 

Hu Xinwen 

National Key Biotechnology Laboratory 
for Tropical Crops, Chinese Academy of 
Tropical Agricultural Sciences People's 
Republic of China 

Development of microsatellite markers in 
snap beans 

Identification and evaluation of salt-tolerar 

t crops 


M. Arumugam Pillai 

Tamilnadu Agricultural University India 

Screening of a C DNA library for a salt 
tolerant gene in rice 

Evaluation and development of long-term 
tropics and subtropics 

onservation techniques of genetic resources 

of vegetatively propagated crops in the 

Rubio Calderon Armando 

Instituto Nacional Autonomo de 
Investigaciones Agropecuarias Ecuador 

Evaluation and characterization of 
oligofructan content in yacon germplasm 

Chamwan B angwaek 

Prachinburi Rice Research Center 

Thailand 

Enzyme aetivity related to sugar 
accumulation in sugarcane 

Maribel R. Quintana Sanz 

Institute of Pastures and Forages Research 
Cuba 

Evaluation of genomic diversity of sugar 
related enzyme genes and sugarcane 
genetic resources 

Narinder Pal Singh Dhillon 

Punjab Agricultural University India 

Genetic variation and relationships in 
sweet potato populations detected with 
RAPD and AFLP markers 
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JIRCAS Visiting Research Fellowship Program at 
Tsukuba 



A program similar to the Okinawa Visiting Research Fellowship Program has been implemented on the Tsukuba premises 
since October 1995. The Tsukuba Visiting Research Fellowship Program aims to promote collaborative research to address 
various problems confronting countries in developing regions. The program allows for the invitation of six to eight researchers 
per year. Four researchers engage in two-year projects at JIRCAS and two to four researchers conduct short five-month 
projects at the National Institute for Agrobiological Resources (NIAR). Recent invitees and their research activities are listed 
below. 

More information on the Tsukuba Visiting Research Fellowship Program can be obtained by contacting the International 
Relations Section, Japan International Research Center for Agricultural Sciences, 1-2, Ohwashi, Tsukuba, lbaraki, 305-8686. 
Japan. (Tel. : +81-298-38-6335 Fax: +81-298-38-6337; e-mail: irs@jircas.affrc.go.jp ). 


Photo : Host scientist and Tsukuba fellow engaged in experiment on prawn physiology at the Fisheries Division 


Long-term JIRCAS from October 1996 to September 1998 

Methods for optimum utilizatio 

n of biological resources 

1 

Zabta Khan Shinwari 

National Agricultural Research Center 
Pakistan 

Analysis of plant responses to environmental 
stresses and gene expression 

Gassinee Trakoontivakom 

Kasetsart University Thaiiland 

Development of practical methods for the 
evaluation of the quality of indigenous crops and 
for the analysis of components and functionality of 
foods 

Qian Minze 

Tsinghua University People's Republic of 
China 

Relation between climatic changes and biomass in 
agro-ecosystems 

Yang Hao 

The Institute of Soil Science, Academia 
Sinica People's Republic of China 

Investigations of the process of rock-weathering 
through the analysis of the rock surface by electron 
spectroscopy 


Long-term at JIRCAS from October 1997 to September 1999 


Methods for optimum utilization of biological resources 

Mohammad 

Masud Parvez 

Bangladesh Agricultural Institute 

Bangladesh 

Molecular analysis of abscisic acid-mediated 
control ofgene expression in higher plants under 
water stress 

Vuong Dinll Tuan 

Cuu Long Delta Rice Research Institute 
Vietnam 

Tagging and cloning of salt tolerant genes in rice 
using AFLP markers 

Analysis and evaluation of the 

mpact of climatic and anthropogenic factors 

on environmental resources 

Li Zhong 

Institute of Soil Science, Academia Sinica 
People's Republic of China 

Effects of doubling C0 2 concentration on carbon 
and nitrogen cycles in soil-rice ecosystems 

Muhammad Akhtar Abbas 

University of Agriculture, Faisalabad 
Pakistan 

Analysis of land environmental change in semi-arid 
areas using remote sensing and GIS 


Long-term at JIRCAS from October 1998 to September 2000 

Methods for optimum utilization of biological resources 

Joseph Gogo Dubouzet 

University ofthe Philippines, The 

Philippines 

Molecular analysis of drought stress responses in rice 

Vipapom Na Thalang 

Kasetsart University Thailand 

Chemical and biological evaluation of Thai 
vegetables (Fam. Leguminosae) 

Do Thi Thanh Huong 

Cantho University Vietnam 

Physiological studies on reproduction and 
osmoregulation in the giant freshwater prawn, 
Macrobrachium rosenbergii 

Systems analysis of food problems and rural development 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/fellowship/invitation4.htm (1 of 2) [10/7/2002 9:36:21 PM] 










































invitation4 


Guo Jianjun 

Research Center for Rural Economy 

Vople's Republic of China 

Econometric analysis on food consumption by 

Chinese farm households 

Short-term at NIAR from October 1998 to February 1999 


Irina Olegovaa Vvedenskaya 

All-Russian Institute of Plant Industry 

Russia 

The molecular basis of protein markers in wild 
relatives of crops 

Short-term at NIAR from 1998 to March 1999 


Dea de Lima Vidal 

University of Zaragoza Brazil 

Economic and breeding evaluation of animal 
genetic resources in developing countries 

Aboagye Lawrence Misa 

Plant Genetic Resources Center Ghana 

Evaluation of diversity for a starch synthetic gene 
in wheat 

Dennis Yeo 

National Institute of Agrobiological 
Resources Singapore 

Development of strategy to generate male-sterile 
plants using a transcription factor gene 
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SYMPOSIA AND WORKSHOPS 

SYMPOSIA AND WORKSHOPS 

1) INTERNATIONAL SYMPOSIA 

Between 1967 and 1993, the Tropical Agricultural Research Center (TARC) sponsored annual international symposia for the purposes of 
promoting scientific exchange and accurately gauging and responding to the agriculture, forestry, and fishery needs of the world’s 
developing areas. Since its transition from TARC, JIRCAS has continued this practice, organizing its first International Symposium in 
Fiscal Year (FY) 1994. At present, each symposium is organized around a theme of central importance to international agricultural 
research, and roughly ten researchers and administrators from concerned research institutes and international agencies are invited as 
speakers. Symposia are ordinarily held in joint sponsorship with a relevant scientific society or research orgaanization. The program from 
the FY 1998 International Symposium appears below. 

□The 5th JIRCAS International SymposiumPostharvest Technology in Asia - A step forward to 

stable supply of food products 

2) SPECIAL PROGRAMS 

□International Workshop on Learning from Farming Systems Research in Indonesia. 

□Workshop on a Cooperative Research Project Between Thai Institutes and JIRCAS on 

Sustainable Agricultural Systems in Northeast Thailand. 

□"Plant Signaling Molecular Responses to Enviromnetal Stimuli and Stress. 

□JIRCAS / IPGRI Joint International Workshop on Cryopreservation of Tropical Plant 

Germplasm. 

□Fourth Seminar for “Brackish Water Project” Held in Malaysia. 

3) WORKSHOP AND SEMINARS 

□International Research Seminars 
□International Research Workshops 

4) MISCELLANEOUS MEETINGS AND WORKING GROUPS 

□Annual Meeting for the Review and Promotion of Research 

□JIRCAS Return Seminars 

□Review and Promotion of International Research Collaboration - Committee Meetings 

□Comprehensive Project Working Group Meetings 


[ 
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SUSTAINABLE AGRICULTURAL DEVELOPMENT COMPATIBLE WITH ENVIRONMENTAL CONSERVATION IN ASIA 


The 5th JIRCAS International Symposium 

POSTHARVEST TECHNOLOGY IN ASIA - A STEP FORWARD TO 
STABLE SUPPLY OF FOOD PRODUCTS - 


(Held September 9 -10, 1998, in Tsukuba, Japan, in conjunction with the National Food Research Institute (NFRI), National Agriculture Research 
Center, Food Forum Tsukuba, and the Nestle Science Promotion Committee). 


Opening addresses 

□ Inaugural address by Dr. Nobuyoshi Maeno, Director General, Japan International Research Center for Agricultural 
Sciences (JIRCAS), Ministry of Agriculture, Forestry and Fisheries (MAFF), Japan 

□ Welcome address by Mr. Sakue Matsumoto, Chairman, Secretariat of the Agriculture, Forestry and Fisheries Research 
Council (AFFRC), Ministry of Agriculture, Forestry, and Fisheries(MAFF), Japan 

Keynote speech 

“Role of postharvest technology research for promoting a sustainable food supply" by Dr. Keiji Kainuma, Vice-President, 
Bio-oriented Technology Research Advancement Institution, (BRAIN), Japan 

Session 1: Main priorities and constraints of postharvest technology in Asia 

Chaired by Dr. Silvestre C. Andales, Bureau of Postharvest Research and Extension, the Philippines and Dr. Kunio Tsubota, 
JIRCAS, Japan 

□ Priorities and constraints of postharvest technology in Vietnam. L. V. To, Postharvest Technology Institute, Vietnam 

□ Priorities and constraints of postharvest technology in the Philippines. S. C. Andales, Bureau of Postharvest Research and 
Extension, the Philippines 

□ Postharvest problems in Thailand: Priorities and constraints. J. Siripanich, Kasetsart University, Thailand 

□ Main postharvest problems and countermeasures for agricultural products in China. S. Q. Feng, China Agricultural 
University, People’s Republic of China 

□ Priorities and constraints of postharvest technology in India. A. Ramesh, Central Food Technological Research Institute, 
India 

Session 2: Current development and future orientation for technology of grain storage and preservation in the tropics 
Chaired by Dr. Bruce R. Champ, formerly of the Australian Center for International Agricultural Research, Australia and 
Dr. Hiroshi akakita, NFRI, Japan 

□ Alternative chemicals for methyl bromide. B. R. Champ, formerly of the Australian Center for International 
Agricultural Research, Australia 

□ Hermetic storage of grains in the tropics. F. M. Caliboso, Bureau of Postharvest Research and Extension, the Philippines 

□ Role of biological control in grain storage in the tropics. H. Nakakita, NFRI, Japan 

□ Minimizing aflatoxin production in grains in the tropics. P. Siriacha, Kasetsart University, Thailand 

□ Strategies to maintain grain quality in the humid tropics. M. Sidik, Ministry of Food and Horticulture, Indonesia 
General discussion and conclusions for Sessions 1 and 2 

Chaired by Dr. Silvestre C. Andales, Bureau of Postharvest Research and Extension, the Philippines and Dr. Kunio Tsubota, 
JIRCAS, Japan 

dlGeneral comments "Postharvest technology in Asia: ACLAR’s framework for collaborative research and 
development.” G. I. Johnson, Australian Center for International Agricultural Research, Australia 
dlGeneral discussion 

Session 3: Current situation and future orientation of technology for food industries in Asia 
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SUSTAINABLE AGRICULTURAL DEVELOPMENT COMPATIBLE WITH ENVIRONMENTAL CONSERVATION IN ASIA 
Chaired by Dr. Akinori Noguchi, JIRCAS, Japan and Dr. Cherl-Ho Lee, Korea University, Korea Brief introduction by the 
Chairperson 

EH Development and constraints of food industries 

□ Development and constraints of food industries 
Extension, the Philippines 

□ Development and constraints of food industries 
China 

□ Development and constraints of food industries 
Indonesia 

□ Development and constraints of food industries 
Institute, Taiwan 

□ Development and constraints of food industries 

□ Development and constraints of food industries 
General discussion and conclusions for Session 3 

Chaired by Dr. Saipin Maneepun, Kasetsart University, Thailand and Dr. Akinori Noguchi, JIRCAS, Japan 

EH Summary of Session 3 by the Chairperson 

EH General comments by Dr. Yoshihito Kadoma, Nihonyushi Co., Ltd., Japan 

□ General comments by Dr. Hajime Taniguchi, NFRI, Japan 

□ General comments by Dr. Cherl-Ho Lee, Korea University, Korea 

□ General discussion 

□ Summarization and conclusive remarks by the Chairperson 
Closing remarks by Dr. Hajime Taniguchi, Director General, NFRI, Japan 


in Thailand. S. Maneepun, Kasetsart University, Thailand 

in the Philippines. J. S. Falla, Bureau of Postharvest Research and 

in China. D. Yong, China Agricultural University, People’s Republic of 

in Indonesia. M. A. Wirakartakusumah, Institute Pertanian Bogor, 

in Taiwan. T. Y. Liu, Food Industry Research and Development 

in Korea. C. H. Lee, Korea University, Korea 
in Japan. H. Uehara, Nihon University, Japan 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/symposia/symposia1 .htm (2 of 2) [10/7/2002 9:36:28 PM] 





JIRCAS/ILRI JOINT WORKSHOP ON THE INTERNATIONAL CON... JAPAN AND ILRI TO WORLD ANIMAL PRODUCTION RESEARCH 


INTERNATIONAL WORKSHOP ON LEARNING FROM FARMING 
SYSTEMS RESEARCH IN INDONESIA 


An international workshop “Learning from farming systems research in Indonesia,” jointly organized by JIRCAS and the 
Center for Agro-Socioeconomic Research (CASER), the Agency for Agricultural Research and Development (AARD), the 
Ministry of Agriculture, the Republic of Indonesia, was held in Bogor, Indonesia on March 3-4, 1999. This two-day workshop 
outlined an on-going collaborative study between CASER and JIRCAS on the history and present conditions of farming 
systems research within the AARD organizations of Indonesia. 

An international workshop “Learning from farming systems research in Indonesia,” jointly organized by JIRCAS and the 
Center for Agro-Socioeconomic Research (CASER), the Agency for Agricultural Research and Development (AARD), the 
Ministry of Agriculture, the Republic of Indonesia, was held in Bogor, Indonesia on March 3-4, 1999. This two-day workshop 
outlined an on-going collaborative study between CASER and JIRCAS on the history and present conditions of farming 
systems research within the AARD organizations of Indonesia. 

The workshop participants approached the following key questions from various angles and with diverse personal experiences. 
-How can we interpret the past 25 years of FSR 
in Indonesia? 

-What are the roles and relationships of 
researchers and extension specialists in FSR? 

-What are the roles of the social and natural 
sciences in the farming systems (FS) approach? 

-How adequate or inadequate is the institutional 
framework for FSR in Indonesia today? 

-Foreign assistance, commitment, and 
intervention in FSR: How can Indonesia use 
these most effectively? 

-Technology and the FS approach: “Assessment 
of Agricultural Technology” vs. Technology of 
“Assessment” 

Approximately fifty individuals from Indonesia, Japan, Australia, and the USA participated in the workshop. Supported by the 
experienced staff of CASER, the workshop went smoothly with a high level of focus. All participants realized that the FSR 
system still needs improvement and stressed the importance of mutual learning and exchanging diverse views. The 
proceedings of the workshop will be published by JIRCAS in 1999/2000. 

Workshop schedule 
Day 1 

□ Welcome address. Erwidodo, Center for Agro-Socioeconomic Research (CASER), Indonesia 

EH Welcome address. Kunio Tsubota, Japan International Center for Agricultural Sciences (JIRCAS), Japan 

EH Opening remarks. Joko Budianto, Agency for Agricultural Research and Development (AARD), Indonesia 

EH Farming Systems Research: Evolution, issues, and new directions building on 25 years of contributions. J. S. 
Caldwell, Virginia Polytechnic Institute and State University, USA 

EH Farming Systems Research in Indonesia: Lessons learned and future directions. M. O. Adnyana, Center for 
Agro-Socioeconomic Research (CASER), Indonesia 

EH Foreign assistance and commitment. A. Rachman and A. Abdurachman, Center for Soil and Agroclimate Research, 
Indonesia 
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EH Collaboration between natural and social scientists. Sumarno, H. Taslim, and D. Pasaribu, Central Research 
Institute for Food Crops, Indonesia 

EH Institutional framework and restructuring. Hermanto, Assessment Institutes for Agricultural Technology 
(AIAT-Ungaran), Indonesia 

EH Technology and the Farming Systems approach. A. Dimyati, Assessment Institutes for Agricultural Technology 
(AIAT-Lembang), Indonesia 

Day 2 

EH Challenge for today’s research and extension community. A. Martaamidjaja, Center for Agricultural Extension, 
Indonesia 

□ Case study presentations from previous and on-going research projects 

EH Rural transformation under rapid economic growth in West Java. S. Yokoyama, National Research Institute of 
Agricultural Economics, Japan, 

W. Sudana, A. S. Bagyo, and A. K. Zakaria Center for Agro-Socioeconomic Research (CASER), Indonesia 

EH A follow-up socio-economic study of the banana-based farming systems research project in Cibinong, Cianjur, West 
Java. J. Goto, Japan International Research Center for Agricultural Sciences (JIRCAS), Japan, H. Mayrowani, and 
Austian, Center for Agro-Socioeconomic Research (CASER), Indonesia 

EH Research and extension linkage in FS: A field experience. Surachman and Kuscahyo, Assessment Institutes for 
Agricultural Technology (AIAT-Ungaran), Indonesia 

□ Case study presentations from previous and on-going research projects 

EH Farming systems research in South Sumatera: Lessons learned and their implications. M. O. Adnyana, Center for 
Agro-Socioeconomic Research (CASER), Indonesia 

EH The perspective of a sustainable agricultural farming system in the Imperata grassland area in Indonesia. I. W. 
Rusastra, Center for Agro-Socioeconomic Research (CASER), Indonesia and K. Menz, Australian Center for 
International Agricultural Research, Australia 

EH Discussion on new orientation, application and follow up 

□ Closing remarks 
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INTERNATIONAL WORKSHOP ON THE DEVELOPMENT OF FARMING SYSTEMS IN THE MEKONG DELTA 



WORKSHOP ON A COOPERATIVE RESEARCH PROJECT 
BETWEEN THAI INSTITUTES AND JIRCAS ON SUSTAINABLE 
AGRICULTURAL SYSTEMS IN NORTHEAST THAILAND 


On December 9, 1998, JIRCAS welcomed Dr. Ananta Dalodom, Director General, Department of Agriculture (DOA), and Mr. 
Pawit Watanavitawas, Director, International Training Center for Agricultural Development (ITCAD), DOA, Thailand to a 
workshop on a cooperative research project between Thai Institutes and JIRCAS on sustainable agricultural systems in northeast 
Thailand. Following a welcome address given by JIRCAS Director General Dr. N. Maeno, Dr. Dalodom and Mr. Watanavitawas 
each addressed the audience and then took questions concerning their speeches. The project’s research coordinator and directors of 
the relevant JIRCAS divisions then commented briefly on their current work. 

In the course of the address, Dr. Dalodom requested JIRCAS cooperation on two new research projects: 1) forecasting crop 
production in Thailand and the utilization of advanced technologies for planning and monitoring that production; and 2) research 
and development of postharvest technology. This request is now under consideration at JIRCAS. 

(§1 Welcome address: N. Maeno, Director General, Japan International Research Center for Agricultural Sciences 
(JIRCAS), Japan 

@ Research activities for sustainable agriculture in northeast Thailand. A. Dalodom, Director General, Department of 
Agriculture (DOA), Thailand 

@ Collaboration of ITCAD in the field management study. P. Watanavitawas, Director, International Training Center 
for Agricultural Development (ITCAD), Department of Agriculture (DOA), Thailand 

@ Question and answer period 

Q General situation of the project from the Japanese side. S. Matsui, Research Coordinator, Japan International 
Research Center for Agricultural Sciences (JIRCAS), Japan 

(§1 Studies on environmental resources. T. Hamazaki, Director, Environmental Resources Division, Japan 
International Research Center for Agricultural Sciences (JIRCAS), Japan 

@ Studies on bio-resources. T. Hoshino, Director, Bio-resources Division, Japan International Research Center for 
Agricultural Sciences (JIRCAS), Japan 

@ Studies on livestock production. S. Shimizu, Director, Animal Production and Grassland Division, Japan 
International Research Center for Agricultural Sciences (JIRCAS), Japan 

@ Studies on agricultural systems. A. Noguchi, Director, Crop Production and Postharvest Technology Division, 

Japan International Research Center for Agricultural Sciences (JIRCAS), Japan 

^ Studies on socio-economics. K. Tsubota, Director, Research Information Division, Japan International Research 
Center for Agricultural Sciences (JIRCAS), Japan 

Studies on reforestation. K. Tanaka, Director, Forestry Division, Japan International Research Center for 
Agricultural Sciences (JIRCAS), Japan 

^ General discussion 
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INTERNATIONAL SEMINAR ON NEW TECHNOLOGIES FOR THE ...PMENT OF SUSTAINABLE FARMING IN NORTHEAST THAILAND 



’ PLANT SIGNALING”: MOLECULAR RESPONSES TO 
ENVIROMNETAL STIMULI AND STRESS 


An international symposium on "Plant Signaling: Molecular Responses to Environmental Stimuli and Stress" organized by JIRCAS, 
in conjunction with the Institute of Chemical and Physical Research (RIKEN) and the Bio-oriented Technology Research 
Advancement Institution (BRAIN) was held at JIRCAS, Tsukuba, on August 12th, 1998. This symposium gathered scientists 
researching plant signal transduction and responses to biotic and abiotic environmental stresses to share their results and ideas for the 
future. 

In recent years, food supply and environmental deterioration problems on a global scale have become increasingly critical, especially 
in developing regions. Biotechnology could be a useful method to increase food production through the development of crops with 
improved tolerance to biotic and abiotic environmental stresses. To develop the biotechnology to breed stress tolerant crops, basic 
research on plant molecular biology is important. Recently, considerable progress has been made in understanding how plants sense 
and respond to the varied stimuli in their environment. 


Molecular and genetic 
approaches have led to 
great progress in many 
aspects of plant 
signaling research, 
including the 
explanation of how 
environmental stimuli 
and stress elicit the 
production of second 
messengers and how 
plant cells perceive the 
messengers. In 
addition, these 
approaches have led to 
an increased 
understanding of the 
induction of specific 

- responses to and the 

physiological consequences of environmental stimuli and stress. The most active scientists specializing in plant signaling were 
invited to present lectures at the symposium. From 10 countries, 191 scientists participated in the symposium. Dr. Nobuyoshi Maeno, 
Director General of JIRCAS and Dr. Keiji Kainuma, Vice President of BRAIN, gave the welcome addresses. The keynote lecture 
was delivered by Professor Nam-Hai Chua, Rockfeller University, USA, and 10 foreign scientists from the USA, France, Germany, 
England, Austria and 4 Japanese scientists presented papers in three sessions: ethylene signaling and biotic stress response, ABA 
signaling and water stress response, and short talks. The symposium was successful and valuable information was exchanged 
throughout the discussions. 

Keynote lecture 

Chaired by Dr. K. Shinozaki, The Institute of Physical and Chemical Research (RIKEN), Japan 

Molecular and genetic dissection of plant signaling pathways. N.H. Chua, The Rockefeller University, USA 
Session I: Ethylene signaling and biotic stress response 

Chaired by Dr. K. Yamaguchi-Shinozaki, Japan International Research Center for Agricultural Sciences (JIRCAS), Japan 
@ Ethylene gas signaling from the membrane to the nucleus. J. R. Ecker, University of Pennsylvania, USA 

@ Regulation of gene expression by plant hormone ethylene. H. Shinshi, National Institute of Bioscience and 
Human-Technology (NIBHT), Japan 
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© Function of a tobacco ethylene-insensitive 3 homolog as a transcription factor. S. Kosugi and Y. Ohashi, National Institute 
of Agrobiological Resources (NIAR), Japan 
Session II: ABA signaling and water stress response 

Chaired by Dr. J. R. Ecker, University of Pennsylvania, USA and Dr. J. Giraudat, Centre National de la Recherche Scientifique 
(CNRS), France 

^Genetic analysis of abscisic acid signaling in Arabidopsis. J. Giraudat, Centre National de la Recherche Scientifique 
(CNRS), France 

Gene expression and signal transduction in water stress responses. K. Yamaguchi-Shinozaki, Japan International Research 
Center for Agricultural Sciences (JIRCAS), Japan 

© Genetic Analysis of salt stress signal transduction in Arabidopsis thaliana. J. K. Zhu, University of Arizona, USA 
© Gene expression during dehydration studied in a resurrection plant. D. Bartels, Max Planck Institute, Germany 

© Role of drought-inducible genes in stress response and tolerance. K. Shinozaki, The Institute of Physical and Chemical 
Research (RIKEN), Japan 
Session III: Short Talks 

Chaired by Dr. K. Shinozaki, The Institute of Physical and Chemical Research (RIKEN), Japan 

© Protein kinase pathways involved in plant pathogen signaling. H. Hirt, Vienna Biocenter, Austria 

© Promoter complexes and transacting factors involved in ABA regulated gene expression. T. D. D. Ho, Washington 
University, USA 

© A unique way to identify an abscise acid signaling component. B. Leyman, London University, UK 
© Stress-regulated ion channels in guard cells. S. Luan, University of California, USA 
© Integration of sugar and stress signal transduction pathways. T. Roitsch, University Regensburg, Germany 
© Plant hormones and the tomato wound response. D. Bowles, University of York, UK 
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JIRCAS / IPGRI JOINT INTERNATIONAL WORKSHOP ON 
CRYOPRESERVATION OF TROPICAL PLANT GERMPLASM 


Intensive exploration and collection activities in recent years have encouraged the collection of plant germplasm throughout the 
world. The development of safe and cost effective techniques for the long-term conservation of the specimens, especially 
recalcitrant seed- and vegetatively propagated species, is considered a priority research area. 

For long-term conservation of problem species, cryopreservation is the only method currently available. Dramatic progress has been 
made in recent years in the development of new cryopreservation techniques, and cryopreservation protocols have been established 
for over 100 different plant species. However, cryopreservation of tropical and sub-tropical species has been less extensively 
investigated than that of temperate species. 

Against this background, JIRCAS and the International Plant Genetic Resources Institute (IPGRI) jointly organized an international 
workshop on “Cryopreservation of tropical plant germplasm: Current research progress and application” held at JIRCAS, Tsukuba, 
Japan, October 20-23, 1998. In an increasing number of national programs in the tropics there has been a growing awareness of the 
importance of cryopreservation, and research activities in this field have been recently initiated. Thus, the workshop was timely in 
providing a unique opportunity for cryopreservation researchers to meet to exchange information and discuss numerous aspects of 
the cryopreservation of tropical plant species. 

The workshop enjoyed active discussions concerning the current status of research, its present application, and existing problems 
with cryopreservation of plant germplasm. With a strong focus on tropical species, the workshop also identified priority areas for 
collaborative research and the development, transfer, and application of technology. It was pointed out that the workshop could be a 
good start for establishing a network in the field of germplasm conservation to facilitate international research collaboration. 

Opening address 

Inaugural address by Dr. Nobuy oshi Maeno, Director General, Japan International Research Center for Agricultural Sciences 
(JIRCAS) 

Keynote addresses 

Chaired by Dr. Tsuguhiro Hoshino, Japan International Research Center for Agricultural Sciences (JIRCAS) 

□ Development of cryopreservation techniques. A. Sakai, Hokkaido University, Japan 

EH Importance of cryopreservation for the conservation of plant genetic resources. F. Engelmann, International Plant 
Genetic Resources Institute (IPGRI), Italy 
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Session 1: Fundamental aspects of cryopreservation 

Chaired by Dr. David Cyr, BC Research Inc., Canada 

EH Freezing behaviors in plant tissues as visualized by NMR microscopy and their regulatory mechanisms. M. Ishikawa, 
National Institute of Agrobiological Resources (NIAR), Japan 

□ Ultrastructural aspects for freezing adaptation of cells by vitrification. S. Fujikawa, Hokkaido University, Japan 
Chaired by Dr. Patricia Berjak, University of Natal, South Africa 

EH The use of physical and biochemical studies to elucidate and reduce cryopreservation-induced damage in 
hydrated/desiccated plant germplasm. D. Dumet, University of Abertay-Dundee, UK 

□ Physiological and molecular changes in tobacco suspension cells during development of tolerance to cryopreservation by 
vitrification. P. J. Reinhoud, Leiden University, the Netherlands 

□ Molecular mechanisms of freezing and drought tolerance in plants. K. Yamaguchi-Shinozaki, Japan International 
Research Center for Agricultural Sciences (JIRCAS), Japan 

EH Cryopreservation of medicinal plant resources: Retention of bio-synthetic capabilities in transformed cultures. K. 
Yoshimatsu, National Institute of Health Sciences, Japan 

Session 2: Cryopreservation techniques 
[Cryopreservation of plant cells] 

Chaired by Dr. Masaya Ishikawa, National Institute of Agrobiological Resources (NIAR), Japan 

□ Cryopreservation of undifferentiated plant cells. P. J. Reinhoud, Leiden University, the Netherlands 

EH Cryopreservation of banana embryogenic cell suspensions: A tool for genetic engineering. B. Panis, Catholic 
University of Leuven, Belgium 

EH Cryopreservation of sugarcane embryogenic callus using a simplified freezing process. F. Engelmann, International 
Plant Genetic Resources Institute (IPGRI), Italy 

[Cryopreservation of pollen] 

Chaired by Dr. William Roca, International Center for Tropical Agriculture (CIAT), Colombia 

EH Use of stored pollen for wide crosses in wheat haploid production. M. N. Inagaki, Japan International Research 
Center for Agricultural Sciences (JIRCAS), Japan 

□ Storage of pollen for long-term conservation of yam genetic resources. N.Q. Ng, International Institute of Tropical 
Agriculture (IITA), Nigeria 

[Cryopreservation of embryos] 

Chaired by Dr. H.F. Chin, International Plant Genetic Resources Institute (IPGRI), Italy 
EH Cryopreservation of embryonic axes. P. Berjak, University of Natal, South Africa 

EH Cryopreservation of zygotic embryos of tropical fruit trees: A study on Lansium domesticum and Baccaurea 
species. M.N. Normah, University Kebangsaan Malaysia, Malaysia 

□ Cryopreservation of coffee (Coffea arabica L.) seeds: Towards a simplified protocol for routine use in coffee 
genebanks. S. Dussert, Institute de Recherche Pour le Developpment (ORSTOM), France 

□ Cryopreservation of melon somatic embryos by the desiccation method. K. Shimonishi, Kagoshima Biotechnology 
Institute, Japan 

□ Cryopreservation of oil palm (Elaeis guineensis Jacq.) polyembryonic cultures. D. Dumet University of 
Abertay-Dundee, UK 

[Cryopreservation of apices] 

Chaired by Dr. Florent Engelmann, International Plant Genetic Resources Institute (IPGRI), Italy 

EH Recent development in cryopreservation of shoot apices of tropical species. H. Takagi, Japan International 
Research Center for Agricultural Sciences (JIRCAS), Japan 
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EH Cryopreservation of vegetatively propagated species (mainly mulberry). T. Niino, Tohoku National Agricultural 
Experimental Station, Japan 

EH Genotype considerations in temperate fruit crop cryopreservation. B.M. Reed, United States Department of 
Agriculture-Agricultural Research Station, USA 

Chaired by Dr. Tsukasa Nagamine, National Institute for Agrobiological Resources (NIAR), Japan 

EH Cryopreservation of in vitro-grown meristems of potato (Solanum tuberosum L.) by encapsulation vitrification. D. 
Hirai, Hokkaido Prefectural Plant Genetic Resources Center, Japan 

EH Cryopreservation of in vitro-cultured meristems of wasabi. T.Matsumoto, Shimane Agricultural Experiment 
Station, Japan 

EH Cryopreservation of citrus apices using the encapsulation-dehydration technique. F. Engelmann, International Plant 
Genetic Resources Institute (IPGRI), Italy 

EH Development of cassava cryopreservation. R.H. Escobar, International Center for Tropical Agriculture (CIAT), 
Colombia 

Chaired by Dr. Mary Taylor, Secretariat for the Pacific Community, Fiji 

EH Cryopreservation of in vitro-grown shoot tips of five vegetatively propagated tropical monocots by the vitrification 
technique. N.T. Thin, Nuclear Research Institute, Vietnam 

EH Cryopreservation of yam apices: A comparative study with three different techniques. B.B. Mandal National 
Bureau of Plant Genetic Resources, India 

EH Cryopreservation of proliferating meristem cultures of banana. B.Panis, Catholic University of Leuven, Belgium 
Poster session 

Fifty-one technical papers were presented in this session. 

Discussion on cryopreservation techniques 

Chaired by Dr. Barbara M. Reed, United States Department of Agriculture-Agricultural Research Station, USA 
EH Dr. M.N. Normah, Universiti Kebangsaan Malaysia, Malaysia 

EH Dr. Bart Panis, Catholic University of Leuven, Belgium 
Session 3: On-going cryopreservation projects: Research and its application 
Chaired by Dr. S. K. Ng, International Institute of Tropical Agriculture (ITTA), Nigeria 

EH Application of cryopreservation protocols at a clonal gene bank. B. M. Reed, United States Department of 
Agriculture-Agricultural Research Station, USA 

EH Advances in potato cryopreservation at the International Potato Center, Peru. A. Golmirzaie, International Potato 
Center (CIP), Peru 

EH The in vitro germplasm collection at the Musa INIBAP Transit Center and the importance of cryopreservation. B. 
Panis, Catholic University of Leuven, Belgium 

□ Cryopreservation: Roles in clonal propagation and germplasm conservation of conifers. D. Cyr, BC Research Inc., 
Canada 

□ Conservation of threatened flora by cryopreservation of shoot apices. D. Touched, United States Department of 
Agriculture-Agricultural Research Station, US 

□ Conservation and cryopreservation of tropical tree species. C. Kirdmanee, National Center for Genetic Engineering 
and Biotechnology, Thailand 

□ Conservation and cryopreservation of tropical tree species. C. Kirdmanee, National Center for Genetic 
Engineering and Biotechnology, Thailand 

Session 4: Current status of cryopreservation research and future perspectives of its application in national programs 

Chaired by Dr. H.F. Chin, International Plant Genetic Resources Institute (IPGRI), Italy 
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EH [India]: Cryopreservation research in India: Current status and future perspectives. B.B. Mandal, National Bureau 
of Plant Genetic Resources, India 

EH [Malaysia]: Current status of cryopreservation research and future perspectives of its application in Malaysia. M.N. 
Normah, University Kebangsaan Malaysia, Malaysia 

□ [Indonesia]: Cryopreservation of tropical plants: Current research status in Indonesia. E. Sudarmonowati, 
Indonesian Institute of Sciences, Indonesia 

EH [Thailand]: Status and future prospects of cryopreservation in Thailand. C. Kirdmanee, National Center for Genetic 
Engineering and Biotechnology, Thailand 

EH [Philippines]: Philippines: Conservation and cryopreservation research. A. Zamora University of the Philippines 
Los Banos, the Philippines 

EH [Vietnam]: Current status and future perspectives of plant cryopreservation in Vietnam. N.T. Thinh, Nuclear 
Research Institute, Vietnam 

EH [China]: Cryopreservation of plant germplasm in China. T. G. Lu, Chinese Academy of Sciences, China 

□ [South Africa]: Current status of cryopreservation research and future perspectives of its application in South 
Africa. P. Berjak, University of Natal, South Africa 

□ [Nigeria]: Applying cryopreservation techniques in national programs in Nigeria. P.M. Kyesmu, University of Jos, 
Nigeria 

EH [Costa Rica]: Current status of cryopreservation research and future perspectives for its application in Costa Rica. 
A. A. Esquivel, Costa Rica Institute of Technology, Costa Rica 

EH [South Pacific]: Current status of cryopreservation research and future perspectives of its application in the South 
Pacific. M.Taylor, Secretariat for the Pacific Community, Fiji 
General Discussion and Summarization 

Chaired by Dr. H.F. Chin, International Plant Genetic Resources Institute (IPGRI), Italy 

EH Dr. Barbara M. Reed, United States Department of Agriculture-Agricultural Research Station, USA 
EH Dr. M.N. Normah, Universiti Kebangsaan Malaysia, Malaysia 
EH Dr. Bart Panis, Catholic University of Leuven, Belgium 

EH Dr. Masaya Ishikawa, National Institute of Agrobiological Resources (NIAR), Japan 
Closing address 

Dr. Florent Engelmann, International Plant Genetic Resources Institute (IPGRI), Italy 
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FOURTH SEMINAR FOR “BRACKISH WATER PROJECT” HELD 
IN MALAYSIA 


On December 8-9, 1998, the 4th “Brackish Water Project” seminar was held in the Conference Room of the Hotel Equatorial 
Penang, Penang, Malaysia. This project, “Productivity and Sustainable Utilization of Tropical and Subtropical Brackish Water 
Mangrove Ecosystems,” aims to evaluate the productivity of the above areas and identify the criteria for sustainable resource 
utilization. The west coast of Peninsular Malaysia was initially selected as the study area due to the presence of various managed or 
exploited types of mangrove forests. Project counterpart organizations include the Fisheries Research Institute (FRI), the University 
of Malaya (UM), and the Forest Research Institute of Malaysia (FRIM). 

Subjects addressed in the seminar were as follows: 1) forest and litter fall, 2) benthic communities, 3) aquatic organisms, 4) 
socio-economic aspects, and 5) environmental aspects. About 40 scientists and government officials from Japan, Malaysia, and 
Australia participated in the seminar, which included the presentation of fourteen papers. Mr. Hashim Ahmad, Deputy Director 
General, Department of Fisheries, Malaysia, gave the opening address and Dr. Shiroh Uno of JIRCAS presented closing remarks. 
The contents of seminar presentations are summarized below. 

Forest and litter fall 

EH Fitterfall of three different vegetations in the Matang Mangrove Forest, Peninsular Malaysia. Y. Ochiai, Japan 
International Research Center for Agricultural Sciences (JIRCAS), H. Tanouchi, S. Nakamura, Forestry and Forest Products 
Research Institute(FFPRI), Japan and A. Hassan, Forest Research Institute of Malaysia (FRIM) 

□ Stand structures and aboveground biomass of Rhizohora apiculata and Rhizophora bruguiera mixed forests in Matang, 
Perak, Malaysia. S. Nakamura, H. Tanouchi, Forestry and Forest Products Research Institute(FFPRI), Japan, Y. Ochiai, Japan 
International Research Center for Agricultural Sciences (JIRCAS), and A. Hassan, Forest Research Institute of Malaysia 
(FRIM) 

□ Biomass profile of a Rhizophora-Brugiera forest in Matang, Perak, Peninsula Malaysia. S. Nakamura, H. Tanouchi, 
Forestry and Forest Products Research Institute(FFPRI), Japan, Y. Ochiai, Japan International Research Center for 
Agricultural Sciences (JIRCAS), and A. Hassan, Forest Research Institute of Malaysia (FRIM) 

□ Benthic diatoms and their possible contributions to the diet of herbivorous gastropods in mangrove areas in Okinawa, 
Japan. T. Kawamura, National Food Research Institute, Japan 

EH Relationship between meiofauna biomass and logging residues in mangrove: Three post-felling temporal and spatial 
variations. S. Ibrahim, Forest Research Institute of Malaysia (FRIM) 

EH Benthic macrofaunal distribution in the Sungai Selinsing, Matang Mangrove Forest Reserve, M. A. S. Hussein, A. 
Sasekumar and C. V. Ching, University of Malaysia (UM) 

□ Importance of mangroves toward sustainable fisheries resources on the west coast of Peninsular Malaysia (Research 
Scope). K. Kiso, Japan International Research Center for Agricultural Sciences (JIRCAS) and M. M. Isa , Fisheries Research 
Institute (FRI), Malaysia 

EH Comparison of ecological and taxonomic features of Scylla sp., in Balik Pulau, Merbok and Matang Mangroves. C. 
Daniels and C. P. Sze, Fisheries Research Institute (FRI), Malaysia 

□ Fish distribution and abundance in Matang / Merbok Mangrove brackish waters on the west coast of Peninsular Malaysia: 
Results in 1997 / 1998. S. Hayase, Seikai National Fisheries Research Institute, Japan 

□ Prawn production in the Matang and Sungai Dinding Mangroves: Species distribution and seasonal recruitment. F. C. 
Beng, C. V. Ching and L.H.S. Fim, University of Malaysia (UM), S. Hayase, Seikai National Fisheries Research Institute, 
Japan 

EH Sustainable commercialized utilization and local response to the wise use of Matang Mangroves. F. H. Fui, Forest 
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Research Institute of Malaysia (FRIM) 

□ Physico-chemical environment of the Matang and Sungai Dinding Mangroves (Malaysia). C. V. Ching, A. Sasekumar, L. 
C. Beng and M. A. S. Hussein, University of Malaysia (UM) 

□ Influence of nutrient out-welling from the mangrove swamps on the distribution of phytoplankton in the Matang 
Mangrove Estuary, Malaysia. K. Tanaka, National Research Institute of Fisheries Science (NRIFS), Japan and C. P. Sze, 
Fisheries Research Institute (FRI), Malaysia 

□ Environmental valuation of the utilization of mangrove forests in the Kuala Selangor District, Selangor (Malaysia). F. F. 
Fun, University of Malaysia(UM) 
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WORKSHOPS and SEMINARS 


International Research Seminars 

International research se mi nars are held throughout the year, either or JIRCAS premises or overseas, with foreign guests, Japanese 
specialists, or JIRCAS staff presenting on topics of importance to international agricultural research. The following four seminars were 
held in FY 1998. 


September 8, 1998 


December 1-2, 1998 


December 8-9, 1998 


March 17, 1999 


Research activities at the Australian Center for International Agricultural Research 
(ACIAR) 

Greg Johnson, Australian Center for International Agricultural Research (ACIAR) 

High-value timber species for plantation establishment-teak and mahoganies 

Datuk Musa Haji Aman, INNOPRISE Corp., Malaysia, Hainan Anjin, Sabah Forestry 
Department, Indonesia, and Kiyoshi Tanaka, Japan International Research Center for 
Agricultural Sciences (JIRCAS) 

Fourth seminar on productivity and sustainable utilization of tropical and subtropical 
brackish water mangrove ecosystems 

Hashim Ahmad, Department of Fisheries, Malaysia, and Shiro Uno, Japan International 
Research Center for Agricultural Sciences (JIRCAS) 

Evaluation, restoration, and preservation of soil productivity to establish sustainable 
agricultural systems in Sub-Saharan Africa 

Hank Breman, International Fertilizer Development Center (IFDC-Africa) 


International Research Workshops 

Attended jointly by JIRCAS researchers and foreign invitees, these workshops aim to facilitate discussion regarding the numerous 
collaborative research projects which JIRCAS is currently undertaking with counterpart institutions throughout the world. 


November 26, 1998 


December 9, 1998 


February 22, 1999 


Workshop on food supply-demand and extension systems for new agricultural technology 
in China 

Attended by representatives of JIRCAS; the Institute of Agricultural Economics, Chinese 
Academy of Agricultural Sciences (CAAS), People’s Republic of China; Niigata University, and 
Tottori University, Japan 

Workshop on new technologies for the development of sustainable agriculture in northeast 
Thailand 

Attended by representatives of JIRCAS, the National Agricultural Research Center (NARC) and 
the Forestry and Forest Products Research Institute (FFPR1), Japan 

Workshop on development of utilization technology of freshwater fisheries 
resources 

Attended by representatives of JIRCAS; Shanghai Fisheries University, People’s Republic of 
China; National Research Institute of Fisheries Science, the University of Tokyo, Hokkaido 
University, and Kyoto University, Japan 
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March 3-4, 1999 


March 12, 1999 


March 23-25, 1999 


March 24, 1999 


[ 


Learning from farming systems research experiences in Indonesia 

Attended by representatives of JIRCAS, National Agricultural Research Center (NARC), National 
Research Institute of Agricultural Economics (NRIAE), Japan; Agency for Agricultural Research 
and Development (AARD), Center for Agro-Socio Economic Research (CASER), Center for Soil 
and Agroclimate Research (CSAR), Central Research Institute for Food Crops (CRIFC), 
Indonesia; Virginia Polytechnic Institute & State University, USA; and Australian Center for 
International Agricultural Research (ACIAR), Australia 

Workshop on extension of new agricultural technology and evaluation of the effects of its 
extension in China 

Attended by representatives of JIRCAS; the Institute of Agricultural Economics, Chinese 
Academy of Agricultural Sciences (CAAS), People’s Republic of China 

Workshop on evaluation and development of methods for sustainable agriculture and 
environmental conservation 

Attended by representatives of JIRCAS; Chinese Academy of Agricultural Sciences (CAAS), the 
Institute of Soils and Fertilizers Agricultural Economics, CAAS, the Institute of Soil Science, 
Academia Sinica, People’s Republic of China 

Workshop on the management of biotic agents in direct seeded culture in Malaysia 

Attended by representatives of JIRCAS; the Muda Agricultural Development Authority (MADA) 
and the Malaysian Agricultural Research and Development Institute (MARDI), Malaysia; and 
Saga University and Fukuoka Agricultural Research Center, Japan 
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MISCELLANEOUS MEETINGS and 
WORKING GROUPS 


Annual Meeting for Review and Promotion of Research 

JIRCAS conducts its Annual Meeting for the Review and Promotion of Research for International 
Collaboration in February, as the end of the fiscal year approaches. The purpose of the meeting is to 
review and evaluate the year’s activities in detail in preparation for the subsequent fiscal year. All 
operations of JIRCAS are outlined, and research achievements deemed of particular importance are 
highlighted (see Research Overview: Research Division topics for more detail). Those in attendance at 
the meeting include JIRCAS directors and invited representatives from the Agriculture, Forestry and 
Fisheries Research Council (AFFRC), the Forestry Agency, the Fisheries Agency, and various research 
institutes affiliated with the Ministry of Agriculture, Forestry and Fisheries. In 1998, the meeting 
considered, as its principal theme, the agricultural field in current international cooperative efforts. 
Recognizing the importance of preserving and stabilizing food and environmental resources, the meeting 
focused on ways to advance JIRCAS’s comprehensive project research in developing countries. 
Participants agreed that the comprehensive approach to regional agricultural problems, with its method of 
strategic planning and policy suggestions followed by multi-disciplinary research including 
socio-economic studies, best fulfilled JIRCAS commitment to international cooperation in agriculture. 


JIRCAS Return Seminars 

At JIRCAS, researchers returning from overseas dispatches or research projects give an oral presentation 
accompanied by a written summary of activities which is distributed to JIRCAS staff. These sessions are 
termed “JIRCAS Return Seminars” and are held during the interim or upon the completion of research 
projects and dispatch assignments. Such seminars are ordinarily held twice per month, and each year 
approximately thirty scientists give presentations. 


Review and Promotion of International Research 
Collaboration - Committee Meetings 

A series of committee meetings are convened throughout the year in order to review and promote 
international collaborative research. This body, which is responsible for all executive decisions 
pertaining to JIRCAS's activities, is headed by the Director of the Research Planning and Coordination 
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Division and consists of all directors of the Research Divisions and International Research Coordinators. 
Under this body, arrangements concerning dispatches of JIRCAS researchers on overseas assignments, 
project support by other domestic institutions are evaluated and authorized; the committee members are 
as well responsible for the evaluation of on-going projects and final decisions concerning the 
implementation of new research projects. 


Comprehensive Project Working Group Meetings 

During FY 1997, participants in eight comprehensive research projects gathered regularly in working 
groups to discuss the structure and progress of their studies on Mekong Delta farming systems, 
sustainable agricultural systems in northeastern Thailand, brackish water mangrove ecosystems in 
Malaysia, sustainable agropastoral systems in subtropical Brazil, the food production and distribution 
industries in the People’s Republic of China, soybean cultivation in the Southern Cone of South 
America, rainfed rice cultivation in West Africa, and regional farming systems in Indonesia. Researchers 
studying Malaysia, Thailand, and Indonesia held formal meetings as highlighted above in this section. 
Beginning in 1999, researchers involved in the development of new technologies and their practice for 
sustainable farming systems in the Mekong Delta will also convene in similar discussion sesions to 
evaluate the progress of their project. 
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PUBLISHING AT JIRCAS during FISCAL YEAR 1998 

Official JIRCAS Publications 


In English 

1) JIRCAS Journal for Scientific Papers 

No. 6, No. 7 

2) JARQ 

(Japan Agricultural Research Quarterly) 

Vol. 32 - No. 2, No. 3, No. 4 

Vol. 33 - No. 1 

3) Annual Report 

No. 4 (1997) 

4) JIRCAS Newsletter 

No. 15, No. 16, No. 17, No. 18 

5) JIRCAS International Symposium Series 

No. 7 Postharvest Technology in Asia 

6) JIRCAS Working Report 

No. 13 No-tillage Cultivation of Soybean and Future 

Research Needs in South America 

No. 14 Proceedings of Workshop on Heat- tolerance 

of Crops 

7)JIRCAS/IPGRI Joint Workshop 

Cryopreservation of Tropical Plant Germplasm 
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In Japanese 

1) JIRCAS News 

No. 15, No. 16, No. 17, No. 18 

2) JIRCAS Working Report 

No. 12 Current State and View of International Collaborative 
Research in Fisheries Postharvest Technology 

3) JIRCAS International Agriculture Series 

No. 5 Insect resources in Asia 

No. 6 Supply and Demand for World Food Resources 

4) JIRCAS Research Highlights 

No. 5 


OFFICIAL HOLDINGS of the JIRCAS LIBRARY 

(Between April 1,1998 - March 31,1999) 




BOOKS 



PERIODICALS 



MATERIALS 







(titles) 


(Pro 

ceedings, maps, 

etc.) 


Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Japanese 

32 

311 

343 

35 

450 

475 

10 

440 

450 


(17) 

(1) 

(18) 

(29) 

(8) 

(37) 




Foreign 

47 

403 

450 

97 

570 

667 

10 

200 

210 


(4) 

(0) 

(4) 

(28) 

(ID 

(39) 
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PUBLISHING AT JIRCAS 


Total 

79 

714 

793 

132 

1020 

1152 

20 

640 

660 


(21) 

(1) 

(22) 

(57) 

(19) 

(76) 





() Indicates separate holdings of the Okinawa Subtropical Station. 
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RESEARCH STAFF ACTIVITY during FISCAL YEAR 
1998 


Contents 

Dio urn a I Articles, Book Chapters, and Monographs 

I IPublished Proceedings and Conference Presentations 

I lFxp1a.nat.ion of Symbols Used in Citations 


□Journal Articles, Book Chapters, and Monographs 

EH Asanuma, S. (1998). Agricultural research and development (R & D) and policy in Indonesia. International Cooperation 
of Agriculture and Forestry, 21(6): 369-386. (J) 

□ Baset, A., Tobita, S., Li, C. Y., Yashima, S. and Senboku, T. (1998). Micropropagation and in vitro culture of wild rice 
species. Acta Horticulturae, 461: 259-266. 

□ Cai, Z. , Shen, G., Yan, X., Tsuruta, H., Yagi, K. and Minami, K. (1998). Effects of soil texture, soil temperature and Eh on 
methane emissions from rice paddy fields. Acta Pedologica Sinica, 35(2): 145-154. 

EH Cai, Z., Xing, G., Shen, G., Xu, H., Yan, X., Tsuruta, H., Yagi, K, and Minami, K. (1999). Measurement of CH 4 and N 2 0 
emissions from rice paddies in Fengqiu, China. Soil Science and Plant Nutrition, 45(1): 1-13. 

□ Dhillon, N. P. S. and Ishiki, K. (1998). Yield stability of gynoecious FI hybrids of cucumber in subtropical field 
conditions. Advances in Horticultural Science, 12: 183-185. 

□ Dionisio-Sese, M. D. and Tobita, S. (1998). Antioxidant responses of rice seedlings to salinity stress. Plant Science, 135: 
1-9. 

□ Goto, J. (1998). Visit to an experimental farm in the Mekong Delta, Vietnam. Journal of the Rural Planning Association, 
17(3): 225-232. (J) 

□ Gunarto, L., Adachi, K, and Senboku, T. (1999). Isolation and selection of indigenous Azospirillum spp. from a 
subtropical island, and the effects of inoculation on growth of lowland rice under several levels of N application. Biology and 
Fertility of Soils, 28(2): 129-135. 

□ Hamanishi, T., Hatta, T., Jong, F.S., Takahashi, S. and Kainuma, K. (1998). Physicochemical properties of starches 
obtained from various parts of Sago Palm trunks at different growth stages. Journal of Applied Glycoscience, 46(1): 39-48. 

(J) 

□ Hamazaki, T. (1998). Classification of cultivated soils in Japan: Third approximation. Japanese Journal of Soil Science 
and Plant Nutrition, 69(2): 206-211. (J) 

□ Hashino, Y., Fujii, T., Yoshihashi, T., Nakamura, S. and Ohtsubo, K. (1998). Cultivar identification of milled rice within 
21 domestic varieties. Journal of the National Food Research Institute, 62: 9. 

□ Hidaka, T. (1999). Tropical and subtropical fruits in Japan. Saplings of Fruit Trees, 73: 15-18. (J) 

□ Hien, T.T.T., Minh, T.H., Phuong, N.T. and Wilder, M. N. (1998). Current status of freshwater prawn culture in the 
Mekong River Delta of Vietnam. JIRCAS Journal, 6: 89-100. 

□ Hiraoka, H., Kanetani, Y. and Kin, H. N. (1998). Farm operation and seedling establishment in dry seeding of rice in the 
Muda area of Malaysia. International Symposium on Wild and Weedy Rices in Agro-ecosystems, Ho Chi Minh, Vietnam: 
147-154. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/appendix/gyoseki.htm (1 of 20) [10/7/2002 9:36:49 PM] 










Abe, H 


□ Hiraoka, H. (1998). Compromised direct seeding culture of rice in Northern Island of Japan. Agricultural Extension 
Institute: 201-209. (J) 

□ Ikegami, A. (1999). Outlook and situation of Chinese agriculture. Journal of the Japan-China Economic Association, 63: 
43-51. (J) 

EH Ikegami, A. (1999). The present situation and problems of grain marketing systems. Chinese Agriculture in 1998: 89-101. 
(J) 

EH Ikegami, A. (1999). The present situation of agricultural extension systems. Chinese Agriculture in 1998: 79-88. (J) 

EHlnagaki, M. N., Varughese, G., Rajaram, S., van Ginkel, M. and Mujeeb-Kazi, A. (1998). Comparison of bread wheat 
lines selected by doubled haploid, single-seed descent and pedigree selection methods. Theoretical and Applied Genetics 
97(4): 550-556. 

EH Inagaki, M. N., Pfeiffer, W. H., Mergoum, M. and Mujeeb-Kazi, A. (1998). Variation of the crossability of durum wheat 
with maize. Euphytica 104(1): 17-23. 

EH Inagaki, M. N. and Hash, C. T. (1998). Production of haploids in bread wheat, durum wheat and hexaploid triticale 
crossed with pearl millet. Plant Breeding 117(5): 485-487. 

EH Ise, K. (1998). A close relationship in rice cultivation and cultivars between an African country, Rwanda, and Yunnan 
Province, China. Agriculture and Horticulture, 73(7): 768-774. (J) 

EH Ise, K., Li, C., Sun, Y. and Ye, C. (1998). Inheritance of resistance to bacterial leaf blight in the differential rice variety 
Asominori. International Rice Research Notes, 23(3): 13-14. 

EH Ise, K., Sun, Y. and Liu, J. (1998). Japan and China joint program for rice breeding using a wide diversity of genetic 
resources in Yunnan Province, China. Breeding Research, 1(1): 9-13. (J) 

EH Ise, K., Sun, Y., Liu, J., Zhou, T. and Jiang, Z. (1998). Wide adaptability of new rice cultivars developed by the 
Japan-China collaborative project in Yunnan, China. International Rice Research Notes, 23(2): 21-22. 

□ Ishikawa, A. and Kohno, K. (1999). New record of Dilpatys ( Syndiplatys ) flavicollis ( Dermaptera: Diplatyidae) from 
Japan. Tettigonia, 1(2): 99-100. 

EH Ishiki, K, (1998). Visit to the center of the origin of yacon. Report of the Association of Yacon Research, 1: 10. (J) 

EHlshitani, T. (1998). Food preservation techniques. Data Book of Food Processing and Distribution: 471-531. 

EHlshitani, T. (1999). Diverse processed soybean foods and food culture in Asia. Farming Japan, 33(1): 21-26. 

EHlshitani, T. (1999). Modified atmosphere packaging: Packaging materials for food and food distribution. Food 
Preservation Technology: 219-261. 

EHlshitani, T. (1999). The processing of rice noodles in Asia. Food Processing for Regional Use: 217-232. 

EHlshitani, T. (1999). Viewpoints on processed food development as regional specialties. Farming Japan, 33(1): 9-15. 

□ ito, O. (1998). Strategy for rice production technologies at IRRI. In:Sustainable Agricultural Development Compatible 
with Environmental Conservation in Asia. JIRCAS: 191-202. 

EH Kanda, K. and Suga, Y. (1998). Effect of irrigation intensity and soil temperature on the nitrate concentration in leaching 
water from upland soil. Japanese Journal of Soil Science and Plant Nutrition, 69(3): 249-255. (J) 

EHKasuga, M., Liu, Q., Miura, S., Yamaguchi-Shinozaki, K, and Shinozaki, K. (1999). Improving plant drought, salt, and 
freezing tolerance by gene transfer of a single stress-inducible transcription factor. Nature Biotechnology, 17: 287-291. 

EHKatayama, K., Ito, O. and Rao, T. P. (1998). Seedling characteristics and retention of current photosynthates in leaves in 
relation to initial growth in pigeonpea ( Cajanus cajan L. Mill sp.) and cowpea ( Vigna sinensis Endl.). Soil Science and Plant 
Nutrition, 44(3): 477-480. 
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□ Kato, K., Kikuchi, S., Ando, S. and Arima, Y. (1998). Nitrate adaptability of Rhizobium sp.(Phaseolus) strains isolated 
from Tokachi (Hokkaido, Japan) fields revealed in symbiosis parameters with a common bean cultivar. Japanese Journal of 
Soil Science and Plant Nutrition, 69(5): 506-515. (J) 

EH Kato, K., Chairoj, P., Yagi, K., Tsuruta, H. and Cholitkul, W. (1998). Effects of rice straw application, rice planting and 
soil characteristics on methane flux in pot experiments. Soil Microorganisms, 51: 73-78. 

□ Khawas, H. and Adachi, K. (1999). Identification and quantification of auxins in a cultural medium of Azospirillum and 
Klebsiella and their effect on rice roots. Biology and Fertility of Soils, 28(4): 377-381. 

EH Kohno, K. (1998). Thermal effect on reproductive diapause induction in Orius sauteri ( Heteroptera: Anthocoridae ). 
Applied Entomology and Zoology, 33(4): 487-490. 

EH Kohno, K. and Kashio, T. (1998). Development and prey consumption of Orius sauteri ( Poppius ) and O. minutus (L.) 

( Heteroptera: Anthocoridae ) fed on Frankliniella occidentalis (Pergande) ( Thysanoptera: Thripidae ). Applied Entomology 
and Zoology, 33(2): 227-230. 

□ Kokubun, M. (1998). International collaboration on soybean research in South America. Journal of Agricultural Science 
53(8):374-377. (J) 

□ Kokubun, M. (1998). No-tillage cultivation of soybean and future research needs in South America. JIRCAS Working 
Report No. 13, 118pp. 

□ Komori, S., Soejima, J., Ito, Y., Bessho, H., Abe, K. and Kotoda, N. (1998). Analyses of the self-incompatibility 
genotypes in some apple cultivars. Journal of the Japanese Society for Horticultural Science, 67(6): 917-926. (J) 

□ Komori, S., Soejima, J., Kudo, K., Komatsu, H., Abe, K. and Kotoda, N. (1998). Selection of apple cultivars and strains 
possessing the Sg-allele. Journal of the Japanese Society for Horticultural Science, 67(Supplement 2): 175. (J) 

□ Komori, S., Soejima, J., Kudo, K., Komatsu, H., Kyotani, H., Ito, Y., Bessho, H., Abe, K. and Kotoda, N. (1999). 
Selection of apple cultivars and strains corresponding to each S-allele genotype. Journal of the Japanese Society for 
Horticultural Science, 68(1): 73-82. (J) 

□ Komori, S., Soejima, J., Kudo, K., Kyotani, H., H., Abe, K., Kotoda, N., Komatsu, H., Ito, Y. and Bessho, H. (1998). 
Determination of S-allele genotypes of 21 apple cultivars and confirmation of 45 others by controlled crosses. Journal of the 
Japanese Society for Horticultural Science, 67(6): 880-889. (J) 

□ Kuroda, S., Kato, H, and Ikeda, R. (1998). Heterosis and combining ability for callus growth rates in rice. Crop Science, 
38:933-936. (J) 

□ Kyono, A., Kimata, K., Shimizu, M., Saito, S., Nishida, N. and Hatta, T. (1999). Synthesis of thallium-leucite 
pseudomorpf after analcime. Mineralogical Magazine, 63(1): 75-83. 

□ Liu, J. and Shono, M. (1999). Characterization of the mitochondrial-located small heat shock protein from the tomato 
(Lycopersicon esculentum L.). Plant & Cell Physiology, 40(Supplement): 107. 

□ Liu, Q., Kasuga, M., Sakuma, Y., Abe, H., Miura, S., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). Two 
transcription factors, DREB1 and DREB2, with an EREBP/AP2 DNA binding domain separate two cellular signal 
transduction pathways in drought- and low-temperature-responsive gene expression, respectively, in Arabidopsis. Plant Cell, 
10: 1391-1406. 

□ Maoka, T. (1998). Dwarf of Eutrema wasabi maxim. In: Plant Disease in Japan, Zenkoku Nouson Kyouiku Kyoukai, Ed. 
Kishi, K., Tokyo, Japan: 366-367. (J) 

□ Maoka, T. (1998). Papaya leaf-distortion mosaic. In: Plant Disease in Japan, Zenkoku Nouson Kyouiku Kyoukai, Ed. 
Kishi, K„ Tokyo, Japan: 758-759. (J) 

□ Maoka, T. (1998). Viruses of Eutrema wasabi maxim. In: Plant Disease in Japan, Zenkoku Nouson Kyouiku Kyoukai, Ed. 
Kishi, K., Tokyo, Japan: 367. (J) 

□ Maoka, T. (1998). Viruses of cucumber. In: Plant Disease in Japan, Zenkoku Nouson Kyouiku Kyoukai, Ed. Kishi, K., 
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Tokyo, Japan: 377-378. (J) 

□ Matsumoto, S., Komori, S., Kitahara, K., Imazu, S. and Soejima, J. (1999). S-genotypes of 15 apple cultivars and 
self-compatibility of “Megumi.” Journal of the Japanese Society for Horticultural Science, 68(2): 236-241. (J) 

EH Matsuoka, M., Fukuoka, H., Ogawa, T., Yano, H., Ujihara, K. and Sugimoto, H. (1998). Efficient plant regeneration from 
sugarcane protoplast. Plant Biotechnology, 15(3): 135-137. 

□ Mikami, K., Katagiri, T., Iuchi, S., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). A gene encoding 
phosphatidylinositol-4-phosphate 5-kinase is induced by water stress and abscisic acid in Arabidopsis thaliana. Plant Journal, 
15:563-568. 

□ Minami, K. and Yagi, K, (1998). Mitigation of methane emissions from rice cultivation. Global Environmental Research, 
2(1): 15-19. 

□ Mishima, S., Matsumoto, N. and Oda, K. (1998). Database for estimation of nitrogen flow in a region. In: Ecosystems and 
Sustainable Development. Ed. Uso, J. L., Brebbia, C. A. and Power, H. Computational Mechanics Pub., Southampton, UK: 
243-252. 

EHMiyata, S., Urao, T., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). Characterization of genes for two-component 
phosphorelay mediators with a single HPt domain. FEBS Letters, 437: 11-14. 

EH Mukherjee, S. K. and Asanuma, S. (1998). Possible role of cellular phosphate pool and subsequent accumulation of 
inorganic phosphate on aluminum tolerance in Bradyrhizobium japonicum. Soil Biology and Biochemistry, 30(12): 

1511-1516. 

EHNakahara, K, and Trakoontivakorn, G. (1999). Antioxidant and antimutagenic properties of some edible Thai plants. 
JIRCAS Newsletter, 17: 5. 

EHNakahara, K., Shinmoto, H., Kobori, M., Kameyama, M., Nagata, T. and Tsushida, T. (1998). 3T3-L1 
adipose-differentiation inhibitors from miso. Nougeikagaku, 72(3): 111. (J) 

EH Nakashima, K, and Yamaguchi-Shinozaki, K. (1998). Isolation of genes essential for molecular breeding of drought 
tolerant plants. Research Journal of Food and Agriculture, 21: 52-55. (J) 

EH Nakashima, K., Satoh R., Kiyosue T., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). A gene encoding proline 
dehydrogenase is not only induced by proline and hypoosmolarity but is also developmentally regulated in reproductive 
organs in Arabidopsis thaliana. Plant Physiology, 118: 1233-1241. 

EH Ochiai, Y. (1998). Research at the Matang Mangrove Forest in Peninsular Malaysia. JIRCAS News, 17: 8. (J) 

EH Ochiai,Y, (1999). Silvics of tropical trees in Meranti Sarang Punai. Tropical Forestry, 44: 86-88. 

EH Ohtsu, Y., Nakashima, K., Prommintara, M. and Tomiyasu, Y. (1999). Typical symptoms of citrus greening on mandarin 
trees in Nepal,supported by detection and characterization of ribosomal DNA of the causal organisms. Annals of the 
Phytopathological Society of Japan, 64: 532-545. 

EH Ohwaki, Y. (1998). Comparative studies on phosphorus and iron nutrition of tropical legumes. Japanese Journal of Soil 
Science and Plant Nutrition, 69(3): 239-240. (J) 

□ Rao, T. P . and Ito, O. (1998). Differences in root system morphology and root respiration in relation to nitrogen uptake 
among six crop species. Japan Agricultural Research Quarterly, 32(2): 97-103. 

□ Sanetra, C. M., Ito, O., Virmani, S. M. and Vlek, P. L. G. (1998). Remobilization of nitrogen from senescing leaves of 
pigeonpea ( Cajanau cajan (L.) Millsp.): Genotypic differences across maturity groups? Journal of Experimental Botany, 49: 
853-862. 

□ Shinmoto, H., Nakahara, K., Ichikawa, R., Kobori, M. and Tsushida, T. (1998). Preparation of human immortalized 
B-cells secreting antibodies against food allergens. Biotechnology Techniques, 12(7): 545-547. 

□ Shinmoto, H., Nakahara, K., Ichikawa, R., Kobori, M. and Tsushida, T. (1998). Establishment of human-mouse 
hybridomas secreting antibodies to rice-allergens. The Japanese Association for Animal Cell Technology and the European 
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Society for Animal Cell Technology Joint Meeting: 119 

□ Shinogi, Y., Nakano, Y. and Kuroda, M. (1998). Simulation and evaluation on irrigation water planning affected by 
factors concerning growing stage and meteorological conditions. Transaction of the Japan Society of Irrigation, Drainage and 
Reclamation Engineering, 193:9-16. (J) 

□ Shinozaki, K., Yamaguchi-Shinozaki, K., Mizoguchi, T., Urao, T., Katagiri, T., Nakashima, K., Abe, H., Ichimura, K., 
Liu, Q., Nanjyo, T., Uno, Y., Inchi, S., Seki, M., Ito, T., Hirayama, T. and Mikami, K. (1998). Molecular responses to water 
stress in Arabidopsis thaliana. Journal of Plant Research, 111: 345-351. 

□ Shinozaki, K., Yamaguchi-Shinozaki, K., Mizoguchi, T., Urao, T., Katagiri, T., Hirayama, T., Ichimura, K., Abe, H. and 
Mikami, K. (1998). Role of MAP kinase, two component histidine kinase and calcium dependent protein kinase in water 
stress response. In: Protein Phosphorylation in Plants, Eds. Gadal, P., Dron, M., Brulfert, J., Bergounioux, C., and Vidal, J., 
Institute de Biotechnologie des Plantes: Orsay, France: 11-17. 

□ Shinwari, Z. K., Nakashima, K., Miura, S., Kasuga, M., Seki, M., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). 
An Arabidopsis gene family encoding DRE/CRT binding proteins involved in low-temperature-responsive gene expression. 
Biochemical and Biophysical Research Communications, 250: 161-170. 

□ Sun, Y., Ise, K., Okuno, K., Zhou, Y. and Yang, X. (1998). Genetic analysis of five low amylose content mutants induced 
from the Japonica rice Hexi 4. Chinese Journal of Rice Science, 13(1): 15-18. (C) 

□ Suzuki, Y., Ise, K., Li, C., Honda, Y., Imai, Y. and Matsukura, U. (1999). Volatile components in stored rice [Oryza sativa 
(L.)] of varieties with and without lipoxigenase-3 in seeds. Journal of Agricultural and Food Chemistry, 47(3): 1119-1124. 

I iTaji. T., Seki, M., Yamaguchi-Shinozaki, K., Kamada, H., Giraudat, J. and Shinozaki, K. (1998). Mapping of 25 
drought-inducible genes, RD and ERD, in Arabidopsis thaliana. Plant Cell Physiology, 40: 119-123. 

EH Takase, K. and Yagi, K. (1999). Environmental issues. In: Advanced Paddy Field Engineering, Eds. Mizutani, M., 
Hasegawa, S., Koga, K., Goto, A. and Murty, V. V. N., Shizan-Sha Science & Technology, Tokyo: 341-365. 

EHTerauchi, T., Matsuoka, M., Kobayashi, M. and Nakano, H. (1999). Effect of temperature and fertilizer application on 
sugar accumulation in relation to invertase activity in sugarcane. Japanese Journal of Tropical Agriculture, 43(1): 18-25. (J) 

EHThinh, N.T., Takagi, H. and Yashima, S. (1999). Cryopreservation of in vzYro-grown shoot tips of banana ( Musa Spp) by 
the vitrification method. Cryo Letters, 20(3): 163-174,461,485-494. 

□ Uchida, S. (1998). Extraction of soil characteristics and monitoring of agricultural land use in the semi-arid tropics of 
India using remote sensing. JIRCAS Journal, 6: 39-52. 

□ Uno, Y., Urao, T., Yamaguchi-Shinozaki, K., Kanechi, M., Inagaki, N., Maekawa, S. and Shinozaki, K. (1998). Early 
salt-stress effects on expression of genes for aquaporin homologues in the halophyte sea aster (Aster tripolium L.) Journal of 
Plant Research, 111:411-419. 

EH Urao, T., Yakubov, B., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). Stress-responsive expression of genes for 
two-component response regulator-like proteins in Arabidopsis thaliana. FEBS Letters, 427: 175-178. 

EH Wilder, M.N., Ikuta, K., Atomomarsono, M., Hatta, T. and Komuro, K. (1998). Changes in osmotic and ionic 
concentrations in the hemolymph of Macrobrachium rosenbergii exposed to varying salinities and correlation to ionic and 
crystalline composition of the cuticle. Comparative Biochemistry and Physiology, Part A, 119: 941-950. 

EH Yamada, R. (1998). The meaning and problems of the support systems for regional agriculture and forestry in hilly and 
mountainous areas: A case study in the hilly and mountainous areas of Shikoku. Japanese Journal of Farm Management, 
36(1): 169-174. (J) 

EH Yamada, R. (1997). Significance and Direction of Forest Vse in Hilly and Mountainous Areas. 

EH Yamada. R., Vo, Q. M., Hiraoka, H. and Nguyen, V. S. (1999). Classification of farming systems in the Mekong Delta. 
Journal of Rural Problems, 7(Special Issue): 159-164. 

EH Yamada, Y. (1998). Agricultural Production and Agro-Environmental Changes in Northeast Thailand. Papers of the 
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annual meeting of the Japan Socety of Photogrammetry and Remote Sensing: 7-10. (J) 

EH Yamada, Y. (1998). Construction of a GIS database in northeast Thailand and it’s evaluation for agricultural land use. 
Papers of the Chiba University Environment Remote Sensing Research Center Symposium. 

EH Yamada, Y. (1998). GIS technology application for agricultural development. ARDEC, 13: 4-14. 

EH Yamada, Y. (1998). GIS and remote sensing technology application for agricultural development. JICA Training Course 
Text: 1-11. 

EH Yamada, Y. (1998). Prototype system for international agricultural statistics using a web GIS tool. Papers for the GISA 
Annual Meeting, 7: 297-298. 

EH Yamada, Y. (1998). The characteristics between agricultural changes and water resources in the food trade in northeast 
Thailand. Report of the Academic Meeting of Macro Indicators of the Agro-environment on Water Resources: 13-18. 

EH Yamaguchi-Shinozaki, K. and Shinozaki, K. (1998). Molecular responses to water stress in plant drought tolerance and 
gene expression in plants. Agriculture and Horticulture, 73(5): 21-26. (J) 

EH Yamamoto, Y. (1998). Achievement of the semi mountainous area study 5-3: Landscape conservation and amenity in 
grasslands. Agricultural Research Series of National Agricultural Research Center, 33: 352-358. (J) 

EH Yamamoto, Y. (1999). Grassland planning and evaluation methods using a regional dataset. Animal Husbandry, 53(3): 
356-360. (J) 

□ Yonemura, S., Yajima, M., Sakai, H. and Morokuma, M. (1998). Estimation of Japanese rice yield under elevated C0 2 
and increased temperature conditions by using third mesh climate data. Journal of Agricultural Meteorology, 54(3): 235-245. 

CD 

EH Yoneyama, T. and Ando, S. (1999). Endophytic nitrogen fixation in non-leguminous plants. Radioisotopes, 48(1): 77-78. 
(J) 

EH Yoshihara, S. (1998). Latest information on pig production in the Mekong Delta, Vietnam. All About Swine, 13: 17-25. 
CD 

EH Yoshihara, S., Hung, N. H., Hung, N. P. and Goto, N. (1998). An erratic parasitism found in the lungs of sheep during 
experimental infection with Fasciola gigantica (Japanese strain). Journal of Helminthology, 72: 227-230. 

EH Yoshihara, S., Hung, N. H., Hung, N. P. and Kobayashi, M. (1998). Detection of the swine trematode, Fasciolopsis buski, 
in small scale farms in the Mekong Delta. JIRCAS Journal, 6: 53-58. 

EH Yoshihashi, T., Nakamura, S., Fujii, T., Kawasaki, S. and Ohtsubo, K. (1999). Identification of domestic rice cultivars by 
RAPD analysis using one grain of milled rice as a sample. Journal of the Japanese Society of Food Science and Technology, 
46(4): 250-254. (J) 


return to to# 
back to main contents 


□ [Published Proceedings and Conference Presentations 

□ Abe, H., Urao, T., Yamaguchi-Shinozaki, K., Hosokawa, D. and Shinozaki, K. (1998). Analysis of an activation domain 
of mArabidopsis MYC homologue rd22BPl. Plant and Cell Physiology, 39(Supplement): 105. 

□ Abe, H., Urao, T., Yamaguchi-Shinozaki, K, and Shinozaki, K. (1999). Analysis of the regulation of drought-inducible 
gene expression of the Arabidopsis rd22 gene. Plant & Cell Physiology, 40(Supplement): 127. (J) 

EH Adachi, K. (1998). Application of a separation method for hydrogen-utilizing methanogenic bacteria in subtropical paddy 
fields. Soil and Microorganisms, 52: 87. (J) 
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two genes encoding arginine decarboxylase of polyamine synthesis in Arabidopsis thaliana. Plant & Cell Physiology, 
40(Supplement): 91. (J) 

EH Yoshihashi, T. (1999). Quality evaluation of Khao Dawk Mali 105. In: Highlights of Collaborative Research Activities 
between Thai Research Organizations and JIRCAS: Proceedings of JIRCAS Seminar in Bangkok 1999, Eds. Suzuki, M. and 
Ando, S., Bangkok, Thailand: 144-145. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1998/appendix/gyoseki.htm (19 of 20) [10/7/2002 9:36:50 PM] 


Abe, H 


return to tog 
back to main contents 


\S ymhols: (J) Denotes articles written in Japanese; (C) denotes articles written in Chinese; bold lettering indicates authors who were staff members 
( see staff list) or STA post-doctoral fellows ( see fellowship explanation) atJIRCAS during FY1998. 
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ADVISORS AND PRINCIPAL STAFF 


JIRCAS Technical Advisory Committee FY 1998 

The JIRCAS Advisory Committee members generally convene one time each year for a round table discussion regarding policy formation, research 
direction, and project design at JIRCAS. The Committee consists of scientists and administrators representing various fields of international 
development. We actively seek their advice and opinions throughout the year and greatly value their participation in the affairs of JIRCAS. The 
Committee was initiated at the request of the Ministry of Agriculture, Forestry and Fisheries (MAFF) and the Agriculture, Forestry, and Fisheries 
Research Council (AFFRC). 


Advisors 

Dr. Hisao Azuma 

Vice-President, Japan International Cooperation Agency 

Dr. Ronald P. Cantrell 

Director General, International Rice Research Institute 

Mr. Tadao Chino 

Executive Director, Nomura Research Institute 

Dr. Keiji Kainuma 

Board Member, Bio-oriented Technology Research Advancement Institute 

Dr. Fujio Kobayashi 

Vice Chairman, Japan Forestry Association 

Ms. Midori Miyazaki 

Journalist 

Dr. Kazuo Shima 

President, Japan Fisheries Resource Conservation Association 

Dr. Kunio Takase 

Board Member, International Development Center of Japan 

Dr. Saburo Yamada 

Professor, College of Agriculture and Veterinary Medicine, Nihon University 
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thousands of yen 

TOTAL BUDGET 

2,863,944 

OPERATING COSTS 

1,781,876 

Personnel 

Director General 

Administrators I 

Administrators II 

Researchers 

* Number of persons shown in () 

**General administration 

***Field management and transportation 

1,360,852 

Administrative Costs 

421,024 


RESEARCH PROMOTION COSTS 

1,082,068 

Research Development 

35,379 

Overseas Dispatches 

278,684 

Research Exchange/Invitation 

42,802 

Research Information Collection 

16,104 

International Collaborative Projects 

475,988 

Comprehensive 

415,399 
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Unidiciplinary 

60,589 

Fellowship Programs 

233,111 


Budget FY 1998 (Graph) 


Director General 

Administrators I 

Administrators II 

Researchers 

1 person 

32 persons, 20% 

13 persons, 8% 

116 persons, 72% 


Operating Costs 

Research Promotion Costs 

1,781,876, 62% 

1,082,068, 38% 


; back."""? 
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JIRCAS 1997 ANNUAL REPORT 



Message from the Director General 



Dr. Nobuyoshi Maeno, Director General, 

Japan International Research Center for Agricultural Sciences 


Building New Structures for Collaborative Research 

During the time of the Tropical Agricultural Research Center (TARC), the predecessor of JIRCAS, collaborative research came to 
be conducted primarily in individual fields of research with particular research organizations in specific countries. There is no doubt 
that, based on unidisciplinary collaborative research efforts under such institute-to-institute relationships, we have achieved 
numerous valuable research results. 

However, when TARC was reorganized into the present Japan International Research Center for Agricultural Sciences (JIRCAS) in 
1993, the scope of our research objectives and, concomitantly, the number of partner countries and regions in our cooperative 
research program widened considerably. In order to respond to this newly expanded mandate within the constraints of limited 
resources, an emphasis on collaborative research and research structures differing from those previously utilized became necessary. 
As a result, a variety of new initiatives have been undertaken since the start of JIRCAS. One such initiative involves efforts to 
strengthen comprehensive research programs aimed at systematic multidisciplinary research in complement to the unidisciplinary 
approach characteristic of the past. At present, comprehensive research projects are underway in Thailand, Vietnam, Malaysia, the 
People’s Republic of China, Brazil, Indonesia, and various other countries. 

A map indicating the c dMUtehensive reseqrcfipvoJiitsbeBtg conducted b\ fIRCAS throughout the wprfHU d.s of June, 1998. 

As the scope of our research has broadened from unidisciplinary to multidisciplinary, the number of research organizations in 
partner countries with whom we maintain relationships has also quite naturally expanded. Consequently, institution-to-institution 
relationships of the past have become what might be called government-to-govemment relationships. In other words, relations 
which were once modest and cozy have been transformed into diplomatic ties. For this reason, a variety of formalities have become 
necessary in launching collaborative research projects, and I cannot deny that this invites some complications. At the same time, I 
can also say that relationships with partner countries have become more formalized and systematized. 

These changes have allowed JIRCAS to pursue a broad range of additional international initiatives, some of which are described 
below. 


Multinational Initiatives 

In one new initiative, we have developed structures allowing us to implement research in collaboration with multiple countries 
regarding research problems spanning broad areas. Our collaborative soybean research project with the MERCOSUR countries 
Brazil, Paraguay, and Argentina provides one example. It marks our attempts since the days of TARC to move from cooperative 
relationships with individual countries toward cooperative multilateral relations within which we can work together with several 
countries simultaneously. Through these efforts, we have become better able with limited research resources to implement efficient 
and effective collaborative research for addressing problems common to several countries. 

Furthermore, in the South American soybean project, we have created new research systems amenable to the participation of 
experts outside those organizations formally affiliated with the Ministry of Agriculture, Forestry and Fisheries. These arrangements 
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might be described as the practical application of the power of post-doctoral research, as they allow JIRCAS to complement the 
abilities of its own staff by adopting, for relatively long periods of time, outside experts to assist with multinational research 
projects. Many of these researchers have previously accumulated invaluable experience in conducting collaborative research in 
targeted areas of the developing world. 

Additionally, in our comprehensive project on the "Sustainable production and utilization of major food resources in China," we 
have made possible the participation of researchers from Japanese prefectural agricultural organizations, which often conduct 
research highly relevant to the developing areas with which JIRCAS is most concerned. Now, in cooperation with JIRCAS, these 
organizations can take advantage of opportunities to dispatch personnel overseas and develop links with foreign countries. 

Through these initiatives, the Institute hopes to be able to plan for further expansion in the ranks of researchers interested in 
international agricultural research collaboration, particularly with developing countries. 

Photo : Okinawa Visiting Research Fellows display their national colors with JIRCAS staff and Director General Nobuyoshi Maeno in front of the 
International Collaborative Research Section at the Okinawa Subtropical Station on Ishigaki Island. 


New Cooperative Relationships with CGIAR Centers 

Since the beginning of Fiscal Year 1997, we have been promoting a project on “New technologies for agricultural research" in 
cooperation with the International Service for National Agricultural Research (ISNAR) . The project will be funded with a special 
allotment to ISNAR from the Japanese Ministry of Foreign Affairs, but JIRCAS has been selected to cooperate in the 
implementation of technical matters. This marks for us a new cooperative relationship with one of the international research 
organizations under the umbrella of the Consultative Group on International Agricultural Research (CGIAR) . Up to this point, we 
have had relationships in which JIRCAS researchers are dispatched to CGIAR research organizations and utilize available research 
infrastructure to implement particular research projects. Hereafter, however, it will be necessary to expand these types of new 
cooperative relationships. 

With the restructuring of TARC into JIRCAS, our mandate has grown. Because it would prove difficult to respond to this new 
mandate using only established methods, new structures for research cooperation are becoming increasingly necessary. Therefore, 
in the future, by commissioning research to organizations in developing countries and by devising a variety of other new structures, 
we hope to realize more efficient, effective cooperative research. 


Note on Annual Report 1997 

In keeping with our recent efforts to spotlight JIRCAS activities in particular regions of the world, Annual Report 1997 will focus 
on projects involving JIRCAS research in Southeast Asia countries. In this year's issue, detailed descriptions of research sites in 
Thailand and Vietnam can be found in the section entitled International Research at JIRCAS . When viewed in full, however, 
JIRCAS activities range widely across the globe. It is our hope that the increasingly international scope of research at JIRCAS will 
be equally evident within Annual Report 1997. 
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Dr. Nobuyoshi Maeno, Director General 
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INTERNATIONAL RESEARCH AT JIRCAS 


International collaborative projects at JIRCAS encompass all fields of agriculture, forestry, and fisheries and are often carried out in collaboration 
with counterpart institutions, including international research centers, national research organizations, and universities. Projects fall into one of two 
broad classifications. A series of comprehensive projects commenced when the Tropical Agricultural Research Center (TARC), the predecessor of 
JIRCAS, was restructured to create the present institute. Six such comprehensive projects are currently underway in Vietnam, Thailand, Malaysia, 
Brazil, the People’s Republic of China, and South America. In addition, JIRCAS continues to promote the specific, focused, unidisciplinary types of 
projects originally carried out at TARC. 

The following section presents recent developments in several ongoing comprehensive projects and, in keeping with this year’s focus on Southeast 
Asia, spotlights important research sites in Thailand and Vietnam where collaborative projects are currently being pursued. A complete summary of 
all collaborative and unidisciplinary projects currently being undertaken by JIRCAS researchers can be found here. 

COMPREHENSIVE PROJECTS 

In 1997, JIRCAS was involved in six comprehensive projects in Vietnam, Thailand, Malaysia, Brazil, the People’s Republic of China, and the 
Southern Cone of South America. In addition, new projects in Indonesia and West Africa are scheduled to begin during FY 1998. These studies 
continue the comprehensive research system begun shortly after the founding of JIRCAS in 1994. Under this program, a research coordinator in the 
Research Information Division assumes the role of project leader, helping to conduct socio-economic studies to identify the most pressing research 
priorities in counterpart countries. The research coordinator then helps to organize and oversee collaboration among researchers in all participating 
Research Divisions of the Institute. Information on developments in the most recent of these projects can be accessed below. 

^ Click here to learn about the evaluation and improvement of regional farming systems in Indonesia . 

^ Click here to learn about improving food security through rainfed rice systems in West Africa . 

^ Click here to learn about soybean improvement, production and utilization in South America . 

® RESEARCH SITES IN SOUTHEAST ASIA 

As a part of this year’s spotlight on JIRCAS initiatives in Southeast Asia, the following articles detail collaborative projects that JIRCAS 
researchers are currently undertaking with governmental organizations and university institutes in northeastern Thailand and the Mekong Delta 
region of Vietnam. 

^ Find information about JIRCAS research sites in northeastern Thailand here. 

^ Find information about JIRCAS research sites in the Mekong Delta region of Vietnam here. 


the Annual Report Main Contents page. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1997/overview/intrsch.htm [10/7/2002 9:37:03 PM] 

















INTERNATIONAL COLLABORATIVE PROJECTS 



International Collaborative Projects 


JIRCAS research projects are designated as either comprehensive or unidisciplinary. Regardless of designation, all projects are 
undertaken and maintained principally by JIRCAS Research Divisions. Listings marked with an asterisk (*) indicate projects 
whose budgets have been specifically authorized by the Agriculture, Forestry and Fisheries Research Council (AFFRC) of the 
Ministry of Agriculture, Forestry and Fisheries. Remaining projects are funded by JIRCAS through other budget instruments. 


(A) COMPREHENSIVE PROJECTS 


Time Frame 

— 

Project Title 

Research Site 

1994 


1998 

Evaluation and improvement of farming systems 
combining agriculture, animal husbandry, and 
fisheries in the Mekong Delta 

Cuu Long Delta Rice Research Institute (CLRRI) 
and Cantho University (CTU), Vietnam 

1995 


2001 

Development of sustainable agricultural 
technology in Northeast Thailand 

Khon Kaen University, Thailand 

1995 


1999 

Productivity and sustainable utilization of tropical 
and subtropical brackish water ecosystems 

Department of Fisheries (DOF), Forestry Research 
Institute Malaysia (FRIM), and Ministry of 
Agriculture (MOA), Malaysia 

1996 


2002 

Comprehensive studies on the development of a 
sustainable agro-pastoral system in the 
sub-tropical zone of Brazil 

Brazilian Agricultural Research Corporation 
(EMBRAPA), Center for Tropical Agriculture 
(CIAT), and JATAK International Center for 
Agriculture Technology, Brazil 

1997 


2003 

Development of sustainable production and 
utilization of major food resources in China 

Institute of Agricultural Economics, Institute of 
Natural Resources and Regional Planning, Research 
Center for Rural Economy, China Agricultural 
University, Soil and Fertilizer Institute, China 
National Rice Research Institute, and the Shanghai 
Fisheries University, People’s Republic of China 

1997 


2006 

Comprehensive soybean research project in South 
America (multinational) 

Agricultural Technology Center in Paraguay 
(CETAPAR) and the Ministry of Agriculture and 
Livestock (MAG), Paraguay; Brazilian Agricultural 
Research Corporation (EMBRAPA), Brazil; and the 
National Institute for Agricultural Technology 
(INTA), Argentina 
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1998 


2002 

Evaluation and improvement of regional farming 
systems in Indonesia 

Agency for Agricultural Research and Development 
(AARD), Indonesia 

1998 


2002 

Improving food security in West Africa through 
increased productivity in rainfed rice systems 

West Africa Rice Development Association 
(WARDA), Cote d'Ivoire 


(B) UNIDISCIPLINARY PROJECTS 



— 

Project Title 

Research Site 

1993 


1997 

Development of sustainable agriculture in dry 
areas based on environmental improvement 

Xinjiang Institute of Biology, Pedology and Desert 
Research and the Chinese Academy of Sciences, 
People’s Republic of China 

1993 


1997 

Analysis of environmental changes in 
agricultural lands after forest clearing in the 
tropics and development of sustainable land use 
systems * 

International Crop Research Institute for the 

Semi-Arid Tropics (ICRISAT), India 

1993 


1997 

Studies of technology for the evaluation of 
environmental changes in the transfer of tropical 
forest into farm land and methods for sustainable 
use * 

International Crop Research Institute for the 

Semi-Arid Tropics (ICRISAT), India 

1994 


1997 

Investigations on the mechanical properties of 
typical soils distributed in Northeast Thailand 
for the construction of irrigation facilities 

Asian Institute of Technology (AIT), Thailand 

1995 


1997 

Evaluation of changes in agricultural production 
structure associated with economic development 
and clarification of agricultural development 
trends using model analysis * 

Research Center for Rural Economy, People’s 

Republic of China; Universiti Pertanian Malasia 
(UPM), Malaysia; Thai Development Research 
Institute (TDRI), Thailand; Center for 
Agro-Socioeconomic Research (CASER), Indonesia 

1995 

■ 

1997 

Long range migration of rice plant hoppers in 
the monsoon area of East Asia 

China National Rice Research Institute, People’s 
Republic of China 

1995 

■ 

1997 

Breeding of hybrid rice varieties in Malaysia 

Malaysian Agricultural Research and Development 
Institute (MARDI), Malaysia 

1995 


1997 

Studies on the development of methods of 
preservation of tropical wood in Malaysia 

School of Industrial Technology, Universiti Sains 
Malasia, Malaysia 

1995 

- 

1998 

Rehabilitation of secondary degraded forest 

Forest Research Institute Malaysia (FRIM), Malaysia 

1995 

■ 

1998 

Improvement of technologies for raising small 
livestock in the tropics 

Malaysia Agricultural Research and Development 
Institute (MARDI), Malaysia 

1995 

■ 

1998 

Ecology and control of insect pests in reforested 
areas at Luasong Forestry Centre, Tawau, Sabah 

Forest Research Institute Malaysia (FRIM), Malaysia 

1995 


1998 

Methods of cultivation of soybean in cropping 
systems with low pesticide input in Indonesia 

Research Institute for Legumes and Tuber Crops 
(RILET), and the Agency for Agricultural Research 
and Development (AARD), Indonesia 

1995 


1999 

Biorational approaches to long term and 
sustainable management of desert locusts in East 
and Northeast Africa 

International Center for Insect Physiology and 

Ecology (ICIPE), Kenya 
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1996 


1998 

An explanation of the ecology of and methods 
for control of weeds in direct seeded rice 
cultivation in Malaysia 

Malaysian Agricultural Research and Development 
Institute (MARDI), Malaysia 

1996 

■ 

1998 

Improvement of logging techniques in hill 
dipterocarp forests 

Forest Research Institute Malaysia (FRIM) 

1996 

■ 

1999 

Development for effective water management in 
paddy fields in the dry season 

International Irrigation Management Institute (HMI), 
Sri Fanka 

1996 


2000 

Development of technology for sustainable 
management of grasslands in Central Asia 

Kazakh Institute of Agriculture, Republic of 
Kazakhstan 

1996 

■ 

2000 

Afforestation technology for useful tropical tree 
species and the development of related research 

University of the Philippines at Fos Banos, The 
Philippines 

1997 

■ 

1998 

Early interactions between Theilelia parva and 
bovine immune cell populations 

International Fivestock Research Institute (IFRI), 
Kenya 

1997 


1999 

The role of local people in the degradation and 
rehabilitation of tropical forests 

International Center for Research in Agroforestry 
(ICRAF)-South East Asia, Indonesia 

1997 

■ 

1999 

Improvement of high-yielding wheat varieties 
through biological procedures 

International Wheat and Maize Improvement Center 
(CIMMYT), Mexico 

1997 

■ 

1999 

Studies on Technology for sustainable 

Production in Closed Coastal Zone 

Kasetsart University, Thailand 

1997 


1999 

The development of methods for the use of 
underutilized timber resouces in the tropics 

School of Industrial Technology, Universiti Sains 
Malasia, Malaysia 

1997 

■ 

2001 

Development of the diagnosis and prevention 
technology for shrimp viral diseases 

Fisheries Research Institute (FRI), Malaysia 

1998 


2001 

Development of technology for water 
distribution management for large scale paddy 
fields in tropic monsoon area 

Muda Agricultural Development Authority (MADA) 
and Malaysian Agricultural Research and 

Development Institute (MARDI), Malaysia 


Back to 


the Research Overview menu . 
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INDONESIA 

Comprehensive Project on the Evaluation and Improvement of Regional Farming Systems 


Food production levels in Southeast Asia have increased rapidly during the past several decades, in keeping with high rates of 
economic growth. Nevertheless, problems in food production persist. Income difference between urban citizens and rural farmers 
have expanded with rapid industrialization. Large-scale migration from villages to cities has detrimentally impacted agricultural 
conditions. Consequently, efforts to strengthen agricultural activities and improve living conditions in rural areas will have an 
important role to play in generating stable, sustainable economic development in the region. 

Approximately two hundred million people live in Indonesia, scattered across several thousand islands under humid tropical 
conditions. Agriculture, forestry, and fisheries production are conducted in great variety, depending upon natural environmental 
conditions and the types of exploitation possible in each locale. Forms of production and development in villages differ with each 
unique socio-economic and historical situation. For instance, rapid economic growth, industrialization, and urbanization on Java 
Island has exacerbated gaps between cities and villages and fundamentally altered social and economic conditions in rural areas. On 
the outer islands, generally poor living conditions reflect the slow pace of economic development and the lack of suitable 
technologies with which to overcome the difficulties of resource exploitation. 

A “farming systems approach” has become popular among researchers, extension workers, and agricultural officials working to 
raise educational levels among local farmers, tackle persistent problems in agricultural production, and improve rural conditions 
overall. This farming systems approach is characterized by a bottom-up participatory process and an emphasis on multi-disciplinary 
approaches to problems. 

Most agricultural research in Indonesia has remained focused on lowland farming systems based on the cultivation of rice. This 
focus, when combined with the effects of other governmental programs to aid rice farmers, allowed Indonesia to achieve its national 
goal of self-sufficiency in rice by 1984. However, upland crop areas have benefited little from the new techniques in spite of the 
many research projects, with or without the title of farming systems research, that have targeted upland or rainfed lands. 
Consequently, the state of upland agriculture remains much less developed than lowland agriculture throughout the country. 

Photo : Farmers in central Java prepare cowpeas before taking them to market. 

The comprehensive research project entitled "Evaluation and improvement of regional farming systems in Indonesia" aims to shed 
light on the development and implementation of farming systems in Indonesia. Specific objectives include efforts to clarify 
problems and evaluate on-going farming systems from the viewpoints of environmental resources, biological resources, production, 
processing, and socio-economic factors. At the same time, the project will attempt to improve regional farming systems in 
consideration of the need to achieve sustainability, maintain an ecological balance, and generate greater profit. 

The project is scheduled to last five years starting from April, 1998, and involves close collaboration with Indonesian research 
institutes, such as the Center for Agro Socio-Economic Research (CASER), the Research Institute for Legumes and Tuber Crops 
(RILET), and other organizations under the Agency for Agricultural Research and Development (AARD) of the Ministry of 
Agriculture of the Republic of Indonesia. 
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WEST AFRICA 

Comprehensive Project on Improving Food Security through Rainfed Rice Systems 


During the past two years, JIRCAS workshops on African agricultural problems have consistently suggested that the institute 
enhance its efforts to review major issues in African agriculture and examine possible collaborative research projects in the region. 
In March, 1998, in keeping with this recommendation, JIRCAS launched a collaborative research project with the West Africa Rice 
Development Association (WARDA) to increase rice productivity in West Africa. 

According to World Bank estimates, 49.7% of all sub-Saharan Africans will be living in conditions of absolute poverty as we enter 
the new millennium. Demand for rice in sub-Saharan Africa is growing faster than that for any other major food staple, with 
consumption broadening across all socioeconomic classes, including the poor. These patterns are clearest in West Africa where the 
substitution of rice for coarse grains and traditional roots and tubers has fueled demand growth at an annual rate of 5.6% between 
1961 and 1992, double the rate of population growth. 

Rice is no longer a luxury food. The poorest urban households in West Africa obtain larger shares of their cereal-based calories 
from rice than do higher income households, and rice purchases represent a greater share of their total cash expenditures. Rice 
availability and rice prices directly impact the welfare of the poorest West African consumers who are the least food secure. 

The research project on interspecific hybridization between the African and Asian rice species (Oryza glaberrima and O. sativa ) 
was initiated at WARD A in January, 1997. The main goal of the project is to improve the welfare of rice producers and consumers 
by developing through interspecific hybridization low-management rice varieties that are well suited to resoure-poor farmers in 
West Africa. The new interspecific progenies included a significant percentage of intermediate types combining seedling vigor, high 
tillering and weed suppression traits of O. glaberrima with the panicle and grain type characteristics of O. sativa. They are 
considered promising new breeding materials. Further efforts for combining high-yield and stress tolerance characteristics into new 
generations could prove beneficial to the farmers in the region. 

Photo : Introducing a new rice genotype produced through the interspecific hybridization of Oliza sativa ad O. glaberrima to villagers in the northern part 
of Cote d'Ivoire, Africa. 

JIRCAS has initiated collaboration by dispatching senior researchers to WARDA to pursue several specific research topics as first 
steps in the five-year project. These include studies of the genetic and eco-physiological characterization of indigenous varieties and 
interspecific progenies, especially for tolerances to drought and acid soil conditions. On a broader level, researchers will analyze 
major constraints to productivity increases in rainfed rice systems. 
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SOUTH AMERICA 

Comprehensive Project on Soybean Improvement, Production and Utilization 


The soybean, Glycine max , is considered to be one of the principal crops for human sustenance. Soybeans provide a major source of 
food, oil, and protein-rich livestock feed. Production of this valuable crop has increased rapidly during the past three decades in 
comparison with rice, wheat, com, and other major grains. Encouraging the continuation of this trend may aid efforts to stabilize the 
world food supply. 

At present, Brazil, Argentina, and Paraguay account for approximately one-third of global soybean production, placing them among 
the leading soybean exporting countries. However, soybean production in South America has often been carried out under 
environmentally vulnerable conditions in arid, acidic soils characterized by low fertility. Of additional concern, the history of 
soybean cultivation in these areas has been relatively short, giving rise to concerns that continuous cropping, outbreaks of pests and 
diseases, and soil erosion may adversely affect future soybean production. Comprehensive, multinational research efforts focused 
on the development of sustainable and more efficient systems of soybean production in South America can be considered an 
important means of addressing these constraints. 

Japan possess rich experience in the cultivation of soybeans and the their use in traditional foods and has contributed significantly to 
the understanding of this important industrial crop through soybean research programs initiated under JIRCAS and the Japan 
International Cooperation Agency (JICA) . In Brazil, JIRCAS recently implemented a major project on subtropical agro-pastoral 
systems in which soybeans will constitute the main crop in the development of mixed multi-cropping systems. Moreover, a 
cooperative JICA project in Paraguay has been working since 1996 to propagate a no-tillage cultivation system useful for 
sustainable soybean production in the fertile Terras Roxas areas of Paraguay and neighboring countries. 

The JIRCAS research project entitled “Soybean improvement, production, and utilization in South America” marks a new initiative 
by the Institute to promote multidisciplinary studies on soybean production and utilization in Southern Cone countries through 
collaborative research linking Japanese and South American specialists. The project will involve collaboration with JICA personnel 
and incorporate that agency’s ongoing research with the Agricultural Technology Center in Paraguay (CETAPAR) as one of several 
anticipated research sites. 

This comprehensive project will complement earlier efforts in the field by focusing research in five areas, including genetics and 
breeding, soil management and pest control, crop management and production, post harvest technology, and socioeconomic factors. 
Cooperative arrangements with the National Institute for Agriculture Technology (INTA) of Argentina and the Ministry of 
Agriculture and Livestock (MAG) of Paraguay have already been secured, as reported in the Highlights section of this Annual 
Report. In addition, the participation of research organizations affiliated with the Brazilian Agricultural Research Corporation 
(EMBRAPA) of Brazil is anticipated. 
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THAILAND RESEARCH SITE: Collaborative research on sustainable agricultural systems 
in northeastern Thailand 


Environmental changes in northeastern Thailand have severely impacted local agriculture during the past thirty years. In an effort to 
better understand and overcome agricultural problems in the region, JIRCAS initiated a project on the “Development of sustainable 
agricultural technology in northeastern Thailand” two years ago. The objective of the program is to propagate sustainable 
agricultural practices in northeastern Thailand by generating simple yet effective new techniques for crop and livestock production. 
These techniques will then be transferred to local farmers during the seven year term of the project in an effort to enhance 
agricultural productivity. 

The JIRCAS Thailand Office, which coordinates this and other collaborative efforts, is located on the campus of Kasetsart 
University on the outskirts of Bangkok. The present office was constructed in 1989 and shares the first floor with the Soil Science 
Division, an office of the Department of Agriculture within Thailand’s Ministry of Agriculture and Cooperatives. The office boasts 
eight rooms and faces onto a small Japanese garden constructed by Dr. M Hayashi, a former staff member now residing in Thailand. 
Four Japanese staff members, consisting of three researchers and one administrator, maintain daily operations with the assistance of 
six local employees. 

Photo : JIRCAS researchers and local staff pose with Dr. Masaaki Suzuki, the JIRCAS Representative to Thailand, outside the JIRCAS office in Bangkok. 

The International Training Center for Agricultural Development (ITCAD), a division of the Department of Agriculture located in 
the city of Khon Kaen, provides additional office space for the comprehensive research project. Originally constructed with aid 
from the Japan International Cooperation Agency (JICA) and now staffed by three Japanese researchers and two Thai employees, 
the small office serves as an important gateway to research sites in northeastern Thailand. 

Researchers on the comprehensive project team have recently reported significant progress in their studies of northeastern Thailand. 
Scientists exploring mechanisms by which groundwater salinization takes place conducted dynamic analyses to confirm their 
hypothesis of salinization through fault cracks. At the same time, studies of the mechanical properties of local soils have allowed 
project researchers to propose improved ways for estimating properties of unsaturated soils and methods for constructing dams and 
small ponds. In order to improve cattle production with locally available feed resources, livestock specialists have been examining 
the use of sugarcane stalks as feed appropriate to the metabolism of local species of Brahman cattle and water buffalo. Additionally, 
agronomists working in the region have established that cropping systems using tree alleys hold promise for sustainable cultivation 
in upland areas, just as cropping systems characterized by direct dry seeding of rice plants should prove sustainable in regional 
lowlands. Finally, aware that biological nitrogen fixation may help to raise soil fertility levels, other experts have undertaken 
evaluations of nitrogen fixation in leguminous crops and initiated a study on indigenous rhizobias. 

The broad scale of the northeastern Thailand project has been made possible by the extensive knowledge of local conditions that 
JIRCAS staff members have accumulated over many years of research in Thailand. This year marks the thirtieth anniversary of 
cooperative efforts between the two countries. Collaborative research activities originated in 1967, linking researchers at the 
Tropical Agricultural Research Center (TARC) with counterparts in the Thai Department of Agriculture, Kasetsart University, and 
the Department of Livestock Development. Since the creation of JIRCAS in 1993, these collaborative activities have expanded to 
include other organizations, such as the Asian Institute of Technology, Khon Kaen University, the Land Development Department, 
and the Agricultural Development Research Center in Northeast Thailand. 

Extensive cooperative relationships with public and private agricultural research organizations in Thailand have allowed JIRCAS to 
undertake a number of projects in addition to the comprehensive research in northeastern Thailand. A long-term experiment 
examining the effects of organic material utilization on the chemical and physical properties of upland soil has continued for twenty 
years in collaboration with the Thai Department of Agriculture. More recently, researchers from the JIRCAS Fisheries Division 
have initiated a collaborative project entitled “Studies on technology for the development of sustainable aquaculture in Southeast 
Asia,” intended to address problems of coastal environmental degradation and increased disease outbreak that characterize the 
intensive cultivation of giant tiger prawn, Penaeus monodon. 

In the course of thirty years of collaboration, TARC and JIRCAS have dispatched to Thailand more than 100 researchers on 
long-term projects lasting one year or more. With the addition of short-term visiting scientists and administrators, the number of 
researchers involved in collaborative bilateral projects now surpasses 1500. 
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VIETNAM RESEARCH SITE: Collaborative research on methods to improve farming 
systems in the Mekong Delta region 


In collaboration with Cantho University and the Cuu Long Delta Rice Research Institute (CLRRI) in Vietnam, JIRCAS has been 
carrying out a comprehensive research project entitled “Evaluation and improvement of farming systems combining agriculture, 
animal husbandry, and fisheries in the Mekong Delta.” This project, initiated in 1994, aims to clarify the structure of farming 
systems, to identify and develop necessary technology currently lacking in these systems, and to specify conditions for the 
application of these systems to other regions. 

Cantho University was founded in 1966 in the Mekong Delta city of Cantho, where agriculture has long been the dominant 
economic activity. Affiliated with the university are numerous colleges and institutes concerned with problems in agricultural 
sciences and agricultural production. In one such organization, the Mekong Delta Farming Systems Research and Development 
Institute, JIRCAS staff members have been pursuing research on the socio-economic aspects of farming systems called VACs, 
which combine agricultural activities such as rice cultivation, swine farming, and aquaculture. These systems operate by cycling 
agricultural products through several stages of production in order to minimize waste, maximize benefits, and contribute to 
sustainable management. In one model, swine are fed with broken rice and rice bran produced locally. Waste products from the 
swine are then washed into fish ponds, raising fertility levels in the water and enhancing growth in cultured fish. To complete the 
cycle, water from the fish ponds is then diverted into paddy fields, where the abundance of nitrogen and other elements contributes 
to more fruitful rice production. In effect, waste material in each stage of production can thus be recycled to produce commodities 
without seriously polluting the environment. 

Photo : The campus of Cantho University in the Mekong Delta region of Vietnam. 

Over the past two years, an animal parasitologist from JIRCAS has worked with animal scientists in the Cantho University College 
of Agriculture on problems, including environmental conservation issues, encountered in swine farming in VAC systems. During 
the same period, fisheries scientists have visited annually to work with university researchers studying the physiology of freshwater 
fish and crustacean species and disease outbreaks occurring in freshwater prawn culture. These efforts will help to strengthen 
current means of livestock management and to improve existing technologies for commercial aquaculture in Vietnam. 

Located nearby in the city of Omon, Cantho Province, the Cuu Long Delta Rice Research Institute is a national organization 
affiliated with the Ministry of Agriculture and Cooperatives in Vietnam. The institute is charged with developing new varieties and 
production technologies useful for the cultivation of rice. Dr. Nobuyoshi Maeno, the Director General of JIRCAS, attended a 
ceremony held in Omon to mark CLRRI’s twentieth anniversary last year. Under the auspices of the collaborative project, both an 
agronomist and a plant pathologist from JIRCAS have conducted research at the institute, pursuing research topics related to 
improved rice culture and disease control. Current efforts focus on developing new methods for growing high yielding rice and 
controlling disease in rice plants through integrated pest management (IPM) methods. 

Vietnam became the world’s second largest rice exporter in 1997, shipping approximately 3.5 million tons, mainly to Asian and 
African nations. Rice production in the Mekong Delta region now contributes nearly half of total national production. Among the 
widest alluvial plains in Southeast Asia, the Mekong Delta accounts for four million hectares of Vietnamese territory. The area is 
characterized by favorable agricultural conditions, including vast fertile land, ample quantities of river water, adequate temperature 
and sunshine, and a well-educated, diligent labor force. Improved irrigation and drainage, the introduction of modern varieties of 
rice, the development of integrated management methods for rice production, and the introduction of the market-oriented doi moi 
economic policy have played large roles in raising agricultural productivity to current levels. 

However, problems requiring attention remain. The relatively low quality of Vietnamese rice in comparison with that produced in 
Thailand, for example, has kept export prices problematically low. Additionally, the Mekong Delta area still harbors expanses of 
wasteland covered with acid sulfate or saline soils and is prone to periodical flooding and the threat of salt water intrusion. 
Socioeconomic problems including low farm incomes, the lack of agricultural organizations for marketing or crediting, and 
underdeveloped transportation infrastructure need to be studied during the remaining project term. Such cooperative research would 
further contribute to the development of technologies for sustainable growth in the area and lead to better lives for its people. 
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HIGHLIGHTS FROM 1997 


-IMPORTANT NEW DEVELOPMENTS 

During Fiscal Year 1997, the Japan International Research Center for Agricultural Sciences (JIRCAS) witnessed a number of noteworthy 
happenings. Peruvian President Alberto Fujimori visited the Ministry of Agriculture, Forestry and Fisheries (MAFF) Tsukuba Institutional 
Complex, which houses JIRCAS and several related research institutes. Researchers in JIRCAS laboratories made significant progress in the 
use of genetic engineering to improve stress tolerance in plants, while the Okinawa Subtropical Station intensified its research program on 
heat tolerance in commercially cultivated cash crops. Finally, the Institute helped to disseminate findings from these and other ongoing 
research projects through a large number of international seminars and workshops ranging in focus from food production problems in China to 
soybean utilization in South America. We are pleased to highlight these activities and achievements in greater detail below. 

^ Highlight #1 : Genetic Engineering to Improve Environmental Stress Tolerance in Crops 


# Highlight #2 : Heat Tolerance as a Research Strategy at the Okinawa Subtropical Station 


^ Highlight #3 : Visit of Peruvian President Alberto Fujimori to the Tsukuba Institutional Complex 


^ Fi?ah|ibhf"#4 : Research Meetings and Conferences during Fiscal Year 1997 


Photo : The Main Building of JIRCAS in Tsukuba, Japan. 


-NEW RESEARCH COLLABORATION 

Since its establishment in 1993, JIRCAS has consistently sought to expand the depth of its collaborative efforts with research organizations 
and universities in a geographically diverse range of developing countries. In keeping with the JIRCAS mandate, collaborative efforts have 
become increasingly multidisciplinary in their focus and complex in their approach, often involving formal cooperative agreements between 
JIRCAS and foreign governmental entities. During Fiscal Year 1997, JIRCAS proudly initiated new Memoranda of Understanding (MOU’s) 
solidifying project ties with countries in East and Southeast Asia, the Southern Cone of South America, and Western Africa. The following 
segments detail several of these agreements. 

0 Click here for information on the production and utilization of food resources in China . 

♦ Click here for information on rice hybridization and food supply stabilization in West Africa . 

^ Click here for information on the production of soybeans in MERCOSUR countries 

♦ Click here for information on the monitoring of grassland evapo-transpiration in Mongolia . 


-ACADEMIC PRIZES AND AWARDS 
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^ For a listing of JIRCAS staff members who have been the recipients of academic prizes and awards during the previous Fiscal Year, 
please click here . 
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Highlight #1 : Genetic Engineering to Improve Environmental Stress 
Tolerance in Crops 


Plant productivity is greatly affected by environmental stresses, including drought, salinization, and freezing. These factors, in turn, 
may be exacerbated by rising levels of ambient pollution, environmental degradation, and climatic change around the world. In 
order to cope with such conditions, the breeding of crops tolerant to a wide variety of environmental stresses has become 
increasingly important. Genetic engineering can be used as a fast and precise means of improving these stress tolerance factors. 

Scientists have made considerable progress in genetically altering commercial crop plants for resistance to disease, damage, and 
pests, and in actually cultivating such crops in the field. However, the development of crop plants tolerant to environmental stresses 
has lagged behind, due to the relative complexity of biological mechanisms necessary for the acquisition of tolerance factors. While 
announcements concerning laboratory breakthroughs have been frequent, generally the prospects for practical utilization have not 
appeared promising. 

Several different approaches to improve the stress tolerance of plants by gene transfer have been attempted. Until now, a single 
protective protein or enzyme has been produced in each approach, even though a number of genes have been shown to function in 
environmental stress tolerance and response. In order to develop commercially viable crops tolerant to environmental stresses, 
however, it will be necessary to allow for the simultaneous transformation of multiple genes connected with stress tolerance ( Figure 

I). 

To improve multi-stress tolerance to drought, salinization, and freezing by gene transfer, scientists at JIRCAS manipulated a single 
gene for stress-inducible transcription factors that regulates many stress-inducible genes involved in environmental stress tolerance. 
The team used not only the 35S CaMV constitutive promoter but also a stress-inducible rd29A promoter for the expression of the 
gene for the transcription factor. 

Previously, these researchers reported that a ds-acting element named DRE (Dehydration Responsive Element) plays an important 
role in gene expression induced by dehydration, salt, and low temperature in Arabidopsis thaliana and isolated cDNA encoding 
transcription factors DREB1A and DREB2A that specifically interact to DRE and activate many stress-inducible genes. 
Overproduction of the DREB1A protein in transgenics activated the expression of many target genes involved in stress tolerance 
and significantly improved stress tolerance to drought, salinization, and freezing. Moreover, the stress-inducible rd29A promoter 
minimized negative effects on growth of plants while the constitutive 35S CaMV constitutive promoter caused severe growth 
retardation under normal growth conditions. 

As the DRE regulatory element is not limited to Arabidopsis, the DREB1A cDNA and the stress-inducible rd29A promoter may be 
useful to improve the dehydration, salt and freezing tolerance of crop plants. By introducing the newly identified promoter and 
transcription factor into plants, the simultaneous alteration of a group a genes functioning in multiple tolerance mechanisms may at 
last prove possible. 

If so, the knowledge gained from these experiments at JIRCAS would enable scientists to induce guided genetic expression in 
response to environmental stresses within a relatively short period of time. Such a breakthrough would allow for great strides 
toward commercially viable crop plants genetically engineered for tolerance to a wide variety of potentially damaging 
environmental stresses. 
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Strategies to develop transgenic tolerance 
to drought stress 


Figure 1. Strategies for developing transgenic tolerance to drought stress in commercial crop plants. 
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Highlight #2 : Heat Tolerance as a Research Strategy at the Okinawa 
Subtropical Station 


The Okinawa Subtropical Station is the only division of JIRCAS located in a subtropical environment. For this reason, the Station 
seeks to promote research on subtropical agriculture and to develop agricultural technology pertinent to subtropical environments in 
ways that are possible neither at the Tsukuba headquarters of JIRCAS nor at other national research institutions affiliated with the 
Ministry of Agriculture, Forestry and Fisheries. 

Among the major research initiatives of the Station have been projects relating to the heat tolerance of crops. Fundamental 
knowledge of heat tolerance mechanisms remains important, considering the fact that vegetables make strategic cash crops for 
addressing problems of malnutrition, meeting increasing demands for food, and sustaining rural development in the lowland tropics 
where heat acts as a major constraint on agricultural activities. 

In order to promote greater awareness of this field of study, the Okinawa Subtropical Station hosted a Workshop on Heat Tolerance 
of Crops from October 7-8, 1997. The workshop focused on two priorities, including a review of results from the station’s previous 
research activities and an effort to develop new techniques for mitigating heat stress and otherwise improving the heat tolerance of 
crops. 

Photo : Participants in the Workshop on Heat-Tolerance of Crops at the Okinawa Subtropical Station. 

During the first day of discussion, Dr. Chungchi George Kuo of the Asian Vegetable Research and Development Center spoke on 
the “Improvement of heat tolerance in vegetables under tropical conditions,” and Dr. Anthony Hall of the Department of Botany 
and Plant Science, University of California, presented findings on the “Positive and potential negative effects of heat tolerance 
genes on crops.” After these keynote addresses, six researchers from the Okinawa Subtropical Station and three visiting scientists 
from the Visiting Research Fellowship Program at Okinawa presented results from several heat tolerance research projects. 

On the following day, Dr. Mitsuo Ishige, former Director of the Biological Resources Division at JIRCAS headquarters in Tsukuba, 
served as commentator and chairman for the final plenary sessions. Participants exchanged views on progress in heat tolerance 
research and outlined strategies for future collaborative studies of the subject at the Station. They raised numerous questions and 
held a lively discussion which continued after the presentations. 

The workshop provided valuable intellectual stimulation for members of the Okinawa Subtropical Station research staff, who have 
since organized themselves into a heat tolerance working group for the promotion of improved heat tolerance in crop plants. Toward 
this end, the group is currently planning a series of collaborative projects for FY 1998 involving Nagoya University, the University 
of the Ryukyus, and the Tokyo University of Agriculture. 
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Highlight #3 : Visit of Peruvian President Fujimori to the Tsukuba 
Institutional Complex 


During the afternoon of July 4, 1997, Peruvian President Alberto Fujimori took time out from a state visit to Japan to make a short 
stop at the Ministry of Agriculture, Forestry, and Fisheries (MAFF) Tsukuba Institutional Complex. The opportunity was arranged 
at the request of President Fujimori, a specialist in agricultural engineering and a former professor and administrator at the National 
Agrarian University of Peru. Designed to highlight the advanced state of Japanese agricultural research, the visit served equally well 
as a recognition of the international importance of JIRCAS and ten related research organizations located in the vicinity of Tsukuba 
Science City. 

Takao Fujimoto, the Minister of Agriculture, Forestry and Fisheries at the time, welcomed President Fujimori amid tight security at 
the entrance to the Tsukuba Office of the Agriculture, Forestry, and Fisheries Research Council (AFFRC) . Other dignitaries 
awaiting the President’s arrival included AFFRC Secretary General Eitaro Miwa, Tsukuba Mayor Junichi Fujisawa, and related 
government officials. Three Peruvian trainees dispatched to the Tsukuba International Center under an exchange agreement with the 
Japan International Cooperation Agency (JICA) were also present to offer bouquets of flowers during a short welcoming ceremony. 

After receiving their greetings, President Fujimori listened to a brief overview of research programs currently in progress 
throughout the complex. He then proceeded to the Tsukuba Research Gallery at the National Agricultural Research Center, where a 
series of displays offered more specific details on the recent successes and accomplishments of each of the national research 
institutes. At the JIRCAS booth, the President spoke with Director General Nobuyoshi Maeno about collaborative international 
agricultural research projects which the institute is currently conducting in the People’s Republic of China, South and Southeast 
Asia, Africa, and Latin America. Relating his discussions to the needs of his own country, President Fujimori requested that recent 
findings on the role of forests in environmental protection be forwarded to researchers in Peru. Then, stopping at a nearby display 
for the Fruit Tree Research Station where improved varieties of commercial fruit crops were introduced, he sampled large-seeded 
kyoho grapes indigenous to Japan. “Delicious, aren’t they?” he declared, to the delight of his hosts. 

Photo : President Alberto Fujimori of Peru speaking with Dr. Nobuyoshi Maeno, Director General of JIRCAS, about the current state of international 
collaborative agricultural research during his official visit to the Tsukuba Research Gallery on July 4, 1997.. 

Expressing a strong interest in the future of biotechnology and the potential for human improvement of plant varieties, President 
Fujimori also requested a visit to the MAFF DNA Bank housed within the National Institute of Agrobiological Resources (NIAR) . 
The bank preserves DNA and molecular information on agricultural organisms for the support of national research activities in the 
agricultural sciences. The sophistication of ongoing research at the institute seemed to pique the President’s curiosity. Secretary 
General Miwa, who led the tour, noted that, “In addition to knowing agricultural sciences very well, President Fujimori understood 
expert descriptions down to the finest point.” 

At the conclusion of the Tsukuba tour, President Fujimori remarked on the similar agricultural challenges faced by Japan and Peru. 
Both countries lack sufficient flatland areas suitable for farming, thus necessitating the utilization of steeply graded land for 
agricultural purposes. These characteristics may generate common interests in support of future agricultural cooperation, he 
suggested. Thus, the President’s visit may mark the beginning of greater cooperation between institutions such as JIRCAS and 
partner countries in developing regions, such as Peru. 
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Highlight #4 \ Research Meetings and Conferences during Fiscal Year 
1997 


During FY 1997, JIRCAS played proud host to a greater number of research meetings, academic seminars, workshops, and 
conferences than in previous years. Discussion topics ranged from the sustainable harvesting of brackish water mangrove 
ecosystems to the reclamation of salt-accumulated soils through recent technological developments, and from the diversification of 
methods for the utilization of acacia woods to the manufacture and distribution of secure supplies of food. Invited guests included 
fellow researchers from affiliates of the Consultative Group on International Agricultural Research (CGIAR) and other prominent 
international research organizations, numerous national universities, and local experts from China, Vietnam, Thailand, Malaysia, 
Indonesia, the Philippines, Brazil, Argentina, Paraguay, and Kazakhstan. 

These gatherings provided an important opportunity for JIRCAS researchers to share the fruits of their ongoing projects with one 
another and with their counterparts in other institutions. By the same token, contact with the researchers most intimately familiar 
with local conditions enhanced opportunities for learning and influenced the direction of future research. More information on the 
meetings, seminars, workshops, and conferences sponsored by JIRCAS during the previous year can be found under the Symposia 
and Workshops section of this Annual Report. 
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1) INTERNATIONAL SYMPOSIA 

Between 1967 and 1993, the Tropical Agricultural Research Center (TARC) sponsored annual international symposia for the 
purposes of promoting scientific exchange and accurately gauging and responding to the agriculture, forestry, and fishery needs of 
the world’s developing areas. Since its transition from TARC, JIRCAS has continued this practice, organizing its first International 
Symposium in FY 1994. At present, each symposium is organized around a theme of central importance to international agricultural 
research, and roughly ten researchers and administrators from concerned research institutes and international agencies are invited as 
speakers. Symposia are ordinarily held in joint sponsorship with a relevant scientific society. The program from the FY 1997 
International Symposium appears below. 

4 FY 1997 International Symposium: Sustainable Agricultural Development Compatible 

with Environmental Conservation in Asia . 

2) SPECIAL PROGRAMS 

4 JIRCAS/ILRI Joint Workshop on the International Contributions of Japan and ILRI to 

World Animal Production Research . 

4 International Workshop on the Development of Farming Systems in the Mekong Delta . 

4 International Seminar on New Technologies for the Development of Sustainable Farming 

in Northeast Thailand . 

4 First Seminar on Comprehensive Soybean Research in South America . 

4 Workshop on the Recent Situation and Future Orientation of the Food Industry in China . 

3) WORKSHOPS AND SEMINARS 

4 JIRCAS Workshop Series: Facets of International Agricultural Research 

4 International Research Seminars 
4 International Research Workshops 


4) MISCELLANEOUS MEETINGS AND WORKING GROUPS 
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4 Annual Meeting for the Review and Promotion of Research 

4 JIRCAS Return Seminars 
4 Comprehensive Project Working Groups 
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SUSTAINABLE AGRICULTURAL DEVELOPMENT COMPATIBLE 
WITH ENVIRONMENTAL CONSERVATION IN ASIA 


(Held August 26 - 28, 1997, in Tsukuba Science City in conjunction with the Tsukuba Center for Institutes, a division of the Science and Technology 

Agency of Japan). 


Opening addresses 

© Inaugural address by Dr. Nobuyoshi Maeno, Director General, Japan International Research Center for Agricultural 
Sciences (JIRCAS), Japan 

©Welcome address by Mr. Sakue Matsumoto, Chairman, Secretariat of the Agriculture, Forestry and Fisheries Research 
Council (AFFRC), Ministry of Agriculture, Forestry, and Fisheries, Japan 

Keynote speech 

“Main issues for sustainable agricultural development in Asia” by George H. L. Rothschild, Director General, International Rice 
Research Institute (IRRI), The Philippines 

Session 1: Food problems in Asia 

Chaired by Dr. Wen S. Chern, Institute of Economics, Taiwan 

© Food security in Asia: A demand side analysis. W. S. Chern, Institute of Economics, Taiwan 

© Asian food supply and demand situation from a global perspective. O. Koyama, Japan International Research Center for 
Agricultural Sciences (JIRCAS), Japan 

©Food problems and future outlook in China. K. Bingsheng, China Agriculture University, People’s Republic of China 

©Problems and future outlook in agriculture in Thailand. N. Poapongsakorn, M. Ruhs, and S. Tangjitwisuth, Thailand 
Development Research Institute, Thailand 

©Food problems and future outlook in India. K. P. Rao, National Institute of Agricultural Extension Management, India 

Session 2: Agriculture and environment in Asia 

Chaired by Dr. Dennis Keeney, Iowa State University, USA 

©Sustainable agriculture and the environment. D. Keeney, Iowa State University, USA 

©Global warming and sustainable agriculture. K. Minami, Japan International Research Center for Agricultural Sciences 
(JIRCAS), Japan 

©Technology for conservation of soil and water resources in China. Z. Qi-Guo, Institute of Soil Science, People’s Republic 
of China 

© Technology for conservation of soil and water resources in Korea. P. K. Jung and N. J. Lee, National Institute of 
Agricultural Science and Technology, Korea 

@ Material balance and ecological functions of paddy farming in Japan. H. Iwama, National Institute of Agro-Environmental 
Sciences, Japan 

@ External economies of agriculture. E. Nishizawa and K. Yoshida, National Research Institute of Agricultural Economics, 
Japan 

Session 3: Technological issues after the Green Revolution 

Chaired by Dr. Osamu Ito, International Rice Research Institute (IRRI), The Philippines 

© JIRCAS projects for the development of technologies for sustainable agriculture in Asia. M. Kokubun, Japan International 
Research Center for Agricultural Sciences (JIRCAS), Japan 
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(^ Development of rice production technology in Southeast Asia. N. Kabaki, Japan International Research Center for 
Agricultural Sciences (JIRCAS), Japan 

^Sustaining rice-wheat cropping system productivity in the Indo-Gangetic Plains. I. P. Abrol, International Crops Research 
Institute for the Semi-Arid Tropics, India 

© Rural development through commodity-based and agribusiness-oriented farming systems. A. Suryana and S. Bahri, Center 
for Agro-Socioeconomic Research, Indonesia 

@ Production systems and farming systems in the Mekong Delta. D. K. Son, Cuulong Delta Rice Research Institute, Vietnam 

@ Strategy for rice production technologies at the International Rice Research Institute. O. Ito, International Rice Research 
Institute (IRRI), Philippines 

General discussion 

Chaired by Dr. Kunio Tsubota, Japan International Research Center for Agricultural Sciences (JIRCAS), Japan 
® Summary of Session 1, by Dr. Wen S. Chem, Institute of Economics, Taiwan 
Summary of Session 2, by Dr. Dennis Keeney, Iowa State University, USA 
Summary of Session 3, by Dr. Osamu Ito, IRRI, the Philippines 
Conclusion 

^Comments by Dr. William Coyle, Department of Agriculture, USA 

^Comments by Dr. Keiji Ohga, Japan International Research Center for Agricultural Sciences (JIRCAS), Japan 
Closing remarks by Dr. Toru Nagata, Director General, National Institute of Agro-Environmental Sciences (NIAES), Japan 
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JIRCAS/ILRI JOINT WORKSHOP ON THE INTERNATIONAL 
CONTRIBUTIONS OF JAPAN AND ILRI TO WORLD ANIMAL 
PRODUCTION RESEARCH 


On February 13, 1998, the Japan International Research Center for Agricultural Sciences (JIRCAS) and the International Livestock 
Research Institute (ILRI) conducted a joint workshop in the JIRCAS International Conference Room to address the role of each in 
international animal production research. Workshop discussions were designed to assist ILRI, a CGIAR organization formed in 
1995 through the consolidation of the International Laboratory for Research on Animal Diseases (ILRAD) in Kenya and the 
International Livestock Centre for Africa (ILCA) in Ethiopia, in its efforts to broaden the scope of its research activities to 
developing Asian countries. The workshop was organized by the Secretariat of the Agriculture, Forestry and Fisheries Research 
Council (AFFRC), JIRCAS, and ILRI in collaboration with the National Institute of Animal Industry (NIAI), the National 
Grassland Research Institute (NGRI), and the National Institute of Animal Health (NIAH) under the sponsorship of the Japan 
Livestock Technology Association. 

Dr. Eitaro Miwa, Director General of the Agriculture, Forestry and Fisheries Research Council (AFFRC), and Dr. Neville P. Clarke, 
Chairman of the ILRI Board of Trustees, opened the workshop with welcoming remarks. Following these addresses, five 
researchers presented reports and discussed their significance. In concluding the workshop at day’s end, Dr. Mamoru Kashiwazaki, 
Director General of NIAH, noted the continuing importance of such discussions in preparing future strategies for livestock 
production research, not only in developing Asian countries, but also in developing countries throughout the world. As such, 
information exchanged through workshop discussions will serve to deepen mutual understanding and collaborative relationships 
between Japanese and ILRI scientists, ensuring greater cooperation in the near future. Contents of the workshop presentations are 
summarized below. 

Session 1 


^ Global livestock research workshop: International livestock research. H. Fitzhugh, Director General, International 
Livestock Research Institute (ILRI) 

^ New priorities and future directions in research and development for livestock production in Southeast Asia. C. 
Chantalakhana, International Livestock Research Institute (ILRI) 

@ International collaboration in agricultural research. N. Maeno, Director General, Japan International Research Center for 
Agricultural Sciences (JIRCAS) 

@ Recent developments in livestock research in Japan. H. Kobayashi, Director General, National Grassland Research 
Institute 

@ International contribution of Japanese scientists to livestock research at ILRAD/ILCA/ILRI and other organizations. E. 
Imaizumi, Japan International Research Center for Agricultural Sciences (JIRCAS) 

Session 2 


@ General discussion 
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INTERNATIONAL WORKSHOP ON THE DEVELOPMENT OF 
FARMING SYSTEMS IN THE MEKONG DELTA 


Although rice production has markedly increased in the Mekong Delta of Vietnam, incomes and living standards among farmers in 
the region have remained low. Researchers involved in the comprehensive collaborative project entitled “Evaluation and 
improvement of farming systems combining agriculture, animal husbandry, and fisheries in the Mekong Delta” have been 
examining these and other problems affecting efforts to modernize agricultural production in Vietnam. On December 8-9, 1997, 
these researchers conducted a workshop to review progress and develop closer cooperation between Japanese and Vietnamese 
organizations. The workshop invited six researchers from Vietnam, led by Dr. Vo-Tong Xuan, Director of the Farming Systems 
Research and Development Institute at Cantho University. Among Japanese participants, several have studied agriculture in the 
Mekong Delta for extended periods. They include Dr. Matsuno of the Tokyo University of Agriculture, Dr. Cho of Kyushu 
University, Dr. Furukawa of Kyoto University, and Dr. Oe of the Tokyo University of Agriculture and Technology. 

The workshop started with opening remarks by Dr. Nobuyoshi Maeno, Director General of JIRCAS, and a key note address by Dr. 
Vo-Tong. After a day of presentations, the workshop concluded that the development of sustainable farming systems combining 
rice cultivation, animal husbandry, and aquaculture constitutes an important priority for the region. Creation of viable credit and 
marketing channels, as well as the promotion of technology transfer, may also provide keys to further agricultural development in 
the Mekong Delta. 

Keynote address 

“History, present conditions and perspectives on the development of farming systems in the Mekong Delta of Vietnam,” by Dr. 
Vo-Tong Xuan, Director, Mekong Delta Farming Systems Research and Development Institute and Vice Rector, Cantho University 

Session 1: Characterization of Mekong Delta farming systems 

Moderated by Dr. Le Thanh Duong, Cantho University, and Dr. Ryoichi Yamazaki, Rakuno Gakuen University 

^ Characteristics of of farming systems: A case study of the O Mon District. N. X. Fai, Cuulong Delta Rice Research 
Institute 

© Diversification and specialization of farming systems: A case study of the Thot Not District. D. N. Thanh, Cantho 
University 

(§1 Melaleuca forestation and farmers’ organizations in Hoa An Village. D. V. Ni, Cantho University 
Session 2: Development of technologies for farming systems in the Mekong Delta 

Moderated by Dr. Nico Vromant, Flemish Development Association, and Dr. Koji Kawashima, Japan International Research 
Center for Agricultural Sciences (JIRCAS) 

© Rice production and research in the Mekong Delta. T. Kon, Tohoku National Agricultural Experiment Station 

© Swine production and research in the Mekong Delta. S. Yoshihara, National Institute of Animal Health 

© Aquaculture and research in the Mekong Delta. M.N. Wilder, Japan International Research Center for Agricultural 
Sciences (JIRCAS) 

Session 3: Farmers ’ organizations 

Moderated by Dr. Vo-Tong Xuan, Director, Mekong Delta Farming Systems Research and Development Institute 

© Farmers’ organizations in Vietnam. K. Sho, Japan International Research Center for Agricultural Sciences (JIRCAS) 

© Organizing farmers toward Vietnamese agricultural modernization. R. Yamazaki, Rakuno Gakuen University 
© Comments by Vietnamese participants 
Session 4: Orientation of collaborative research projects 

Moderated by Dr. Shigeo Matsui, Japan International Research Center for Agricultural Sciences (JIRCAS) 
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Q Farming system research in the Mekong Delta. L. T. Duong, Cantho University 

@ Collaborative research on aquaculture in the Mekong Delta. N. Vromant, Flemish Development Association 

@ Research on farm management in the Mekong Delta. R. Yamada, Japan International Research Center for Agricultural 
Sciences (JIRCAS) 

General discussion 

Chaired by Dr. Kunio Tsubota, Japan International Research Center for Agricultural Sciences (JIRCAS) 
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INTERNATIONAL SEMINAR ON NEW TECHNOLOGIES FOR THE 
DEVELOPMENT OF SUSTAINABLE FARMING IN NORTHEAST 
THAILAND 


Large areas of forest in northeastern Thailand have been cleared to provide fields for cash crops such as cassava, com, and sugar 
cane. Removing trees and exposing fragile tropical soils to sun, wind, and rain has contributed to significant land deterioration. 
However, as farmers in the region remain desperately poor, they can ill afford to introduce agricultural techniques capable of 
increasing productivity and incomes without further exacerbating land degradation. 

This seminar examined new agricultural technologies, such as the utilization of small machinery or rotations between certain fruit and 
vegetable crops, that might aid in efforts to achieve sustainable agricultural systems in northeastern Thailand. Jointly sponsored by 
JIRCAS and the International Training Center for Agricultural Development (ITCAD) of Thailand, seminar sessions were held in the 
auditorium of ITCAD in Khon Kaen, Thailand, on March 24, 1998. Approximately seventy scientists attended, primarily from Khon 
Kaen University, the Thai Departments of Agriculture, Land Development, and Livestock Development, and Japanese research 
institutes, including JIRCAS. The governor of Khon Kaen and the head of the Provincial Office of Agriculture and Cooperatives 
welcomed participants. Summaries of the remainder of the day’s activities follow. 

Photo : Shieeo Matsui, chairman of Session III, directs discussion at the International Seminar. 

Session I 

Chaired by Dr. Anek Topark-ngarm, Dean, Khon Kaen University 

Development of direct seeding technology for rice in Japan. N. Kabaki, Japan International Research Center for 
Agricultural Sciences (JIRCAS) 

© Land classification and improved efficiency in production of Horn Mali rice in northeastern Thailand. R. Katawatin, Khon 
Kaen University, Thailand 

Session II 

Chaired by Dr. Montien Somabhi, Khon Kaen Department of Agriculture 

New methods for crop protection. C. Noda, Japan International Research Center for Agricultural Sciences (JIRCAS) 

Development of papaya lines tolerant to papaya ring spot virus. V. Prasartsri, Khon Kaen Department of Agriculture, 
Thailand 

@ Sustainable vegetable growing through cropping systems. M. Yamada and I. Nakagawa, National Agricultural Research 
Center, Japan 

Session III 

Chaired by Dr. Shigeo Matsui, Japan International Research Center for Agricultural Sciences (JIRCAS) 

@ Development of culturing practices for vegetables and crop introduction at the Okinawa Subtropical Station. K. Suzuki, 
Japan International Research Center for Agricultural Sciences (JIRCAS) 

@ Peanut breeding and production for specific purposes in northeastern Thailand. P. Sorawat, Khon Kaen Department of 
Agriculture, Thailand 

Tree species for reforestation in cultivated areas. R. Tabuchi, Forestry and Forest Products Research Institute, Japan 
Session IV 

Chaired by Dr. Sho Kosugi, Japan International Research Center for Agricultural Sciences (JIRCAS) 

@ Effect of stocking density and water turbidity on production of Macrobrachium lanchesteri de Man in concrete tanks. N. 
Sriputinipondh, Department of Fisheries, Thailand 

Use of small machinery in upland field cropping. K. Otsuka, National Agricultural Research Center, Japan 

Session V 
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Chaired and moderated by Dr. Waewchark Kongpolprom, Head, Khon Kaen Provincial Office of Agriculture and Cooperatives 
© Comments from Dr. Montien Somabhi, Khon Kaen Department of Agriculture, Thailand 
© Comments from Dr. Aran Patanothai, Khon Kaen University, Thailand 

© Comments from Dr. Tadao Hamazaki, Japan International Research Center for Agricultural Sciences (JIRCAS) 

General Discussion on further strengthening collaborative research topics suited for the development of sustainable farming systems 
in northeastern Thailand 
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FIRST SEMINAR ON COMPREHENSIVE SOYBEAN RESEARCH IN 
SOUTH AMERICA 


In 1997, JIRCAS initiated a research project entitled “Comprehensive studies on soybean improvement, production and utilization 
in South America” in collaboration with national research organizations in MERCOSUR countries and the Japan International 
Cooperation Agency (JICA). The main objective of this seminar was to provide opportunities for the exchange of scientific 
information among soybean scientists from South American countries and thereby to stimulate the generation of innovative and 
collaborative ways to resolve the constraints and problems facing soybean production and utilization in this region. This seminar 
was co-organized by JIRCAS and a joint program between JICA and the Agricultural Technology Center in Paraguay (CETAPAR). 
Following opening addresses by Dr. Nobuyoshi Maeno, Director General of JIRCAS, and Dr. Mitsuhiko Ota, Director of the 
JICA-CETAPAR project, researchers from a number of countries gave presentations and engaged in a lively discussion of relevant 
concerns. The central issues involved in the seminar were as follows. 

Session 1: The present and future of no-tillage cultivation of soybeans 

Chaired by Dr. Norman Neumaier, National Center for Research on Soybeans (EMBRAPA-CNPSo), Brazil 

Q Historical review of no-tillage cultivation of crops. R. Derpsch, German Society for Technical Cooperation (MAG/GTZ), 
Germany 

Q Effects of no-tillage methods on chemical and physical characteristics of soil in Paraguay. C. Paredes Benegas, Regional 
Center for Agricultural Research (MAG-CRIA), Paraguay 

(§1 Effect of no-tillage system on chemical and physical characteristics of soil in Argentina. R.C. Gil, Research Center for 
Natural Resources (CIRN), Argentina 

@ Disease management in no-tillage soybean system. S. Vallone, National Institute for Agricultural Technology 
(INTA-EEA Marcos Juarez), Argentina 

@ Control of weeds in no-tillage cultivation. D. L. P. Gazziero, National Center for Research on Soybeans 
(EMBRAPA-CNPSo), Brazil 

@ Establishment of no-tillage method for soybean cultivation in Paraguay. Y. Seki, W. Asada, and K. Hoshiba, 
JICA-CETAPAR, Japan 

@ Cropping systems under no-tillage cultivation. J. E. Denardin and R. A. Kochhann, National Center for Research on 
Wheat (EMBRAPA-CNPT), Brazil 

Q An innovative cropping system for soybeans: Agro-pastoral systems in Brazil. M. Macedo, J. Bono, A. Kichel, and A. 
Zimmer, National Center for Research on Beef Cattle (EMBRAPA-CNPGC), Brazil, and T. Kanno, JIRCAS, Japan 

Session 2: Perspective of Demand for Soybean and Future Research Needs 

Chaired by Dr. Laura M. Giorda, National Institute for Agricultural Technology (INTA-EEA Manfredi), Argentina 

Q Role of soybeans with reference to global food supply and demand. H. Ozeki, National Agricultural Research Center 
(NARC), Japan, and Y. Sugai, Brazilian Agriculture Research Corporation (EMBRAPA), Brazil 

© Perspectives on demand for the utilization of soybeans. O. S. de Oliveira, EXIMCOOP, Brazil 

Q Potential uses of soybean as food in South America. M. C. Carrao-Panizzi, National Center for Research on Soybeans 
(EMBRAPA-CNPSo), Brazil 

@ Potential for industrial utilization of soybeans. J. P. Cherry, United States Department of Agriculture, Agriculture 
Research Service (USDA-ARS), USA 
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WORKSHOP ON THE RECENT SITUATION AND FUTURE 
ORIENTATION OF THE FOOD INDUSTRY IN CHINA 


The first comprehensive project linking JIRCAS and the government of the People’s Republic of China began on May 28, 1997, 
with the signing of a Memorandum of Understanding between JIRCAS, the Agriculture, Forestry and Fisheries Research Council 
(AFFRC), and the Ministry of Agriculture of the People's Republic of China. This project aims to address increasing expectations 
for high-quality dietary resources generated by high rates of economic growth and rising purchasing power in China. Specifically, 
the project targets the development of sustainable production capacities for major food resources in China, including rice, soybeans, 
corn, and freshwater fishes. If successful, this project can be expected to improve average eating habits. Such bold objectives, 
however, will require not only a better understanding of the development of agricultural production but also of trends within the 
rapidly growing Chinese food industry. 

With these goals in mind, JIRCAS convened a workshop in Tokyo from March 23-24, 1998, under the kind support of Ajinomoto 
Co., Inc., and with participation of leaders in the Chinese food industry. The contents of workshop presentations are summarized 
below. 

Session 1: The Japanese food industry and demand and supply for food in China 

© Status of the Japan-China project. A. Noguchi, Japan International Research Center for Agricultural Sciences (JIRCAS), 
Japan 

© Demand, supply, and distribution of food in China. S. Yan, St. Andrew's University, Japan 

© Present situation and topics in the food industry of Japan. Y. Nagara, Center for Food Industry, People’s Republic of 
China 

Session 2 Chinese food industry, its present and future 

© Structural readjustments in food and food industry development in China. J. Jianping, Academy of Agricultural Sciences, 
People’s Republic of China 

© Present situation of the food industry in China. W. Wenzhe, China National Food Industry Association, People’s Republic 
of China 

© Present situation of the food distribution industry in China. C. Shiguan, Department of Consumer Goods Circulation, 
Ministry of Internal Trade, People’s Republic of China 

© Present and future markets for stock farm products in China. L. C. Xiang, Northeast Agricultural University, People’s 
Republic of China 

© Future orientation of the food industry in China. B. Qingyan, Department of Planning, China National Food Industry 
Association, People’s Republic of China 
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WORKSHOPS and SEMINARS 


JIRCAS Workshop Series: Facets of International Agricultural Research 

In addition to the annual international symposia, JIRCAS sponsors research workshops focusing on specific themes several times per 
year. Workshops are hosted by the relevant JIRCAS research divisions and are attended by JIRCAS staff, speakers invited from within 
Japan, and interested persons from various government research institutes, private companies and universities. The following workshops 
were held at JIRCAS during FY 1997. 

April 4, 1997 Fourth research meeting on problems in African agriculture 

(JIRCAS Research Information Division) 

March 4-5, 1998 Aquaculture and related environmental problems in Southeast Asian countries 

(JIRCAS Fisheries Division) 

March 17, 1998 Research meeting on the establishment of technologies for recovering salt-accumulated soils 

in Central Asia 

(JIRCAS Research Information Division) 


International Research Seminars 

International research seminars are held informally throughout the year, with one to three foreign guests, Japanese specialists, or 
JIRCAS staff presenting on topics of importance to international agricultural research. The following two seminars were held in FY 
1997. 

September 30, 1997 South American agriculture and international collaborative research 

Fumio Iwata, Japan International Cooperation Agency (JICA), and Kiyoko Hitsuda, Japan 
International Research Center for Agricultural Sciences (JIRCAS), Japan 

December 8-9, 1997 Productive capacity of tropical mangrove habitats and their sustainable utilization 

Chong Ving-Ching, University of Malaya 


International Research Workshops 

Nine International Research Workshops were convened on JIRCAS premises during FY 1997. Attended jointly by JIRCAS researchers 
and foreign invitees, these workshops aimed to facilitate discussion regarding the numerous collaborative research projects which 
JIRCAS is currently undertaking with counterpart institutions throughout the world. 


December 2-5, 9-10, 
1997 


December 8-9, 1997 


Cooperative soybean research in South America 

Attended by representatives of JIRCAS, the Brazilian Agriculture Research Corporation 
(EMBRAPA), Brazil; the Ministry of Agriculture and Cattle (MAG), Paraguay; and the National 
Institute for Agricultural Technology (INTA), Argentina 

International workshop on the development of farming systems in the Mekong Delta 

Attended by representatives of JIRCAS; Cantho University and the Cuu Long Delta Rice 
Research Institute, Vietnam; the Flemish Development Association, Belgium; and Rakuno 
Gakuen University, the Tohoku National Agricultural Experiment Station, and the National 
Institute of Animal Health, Japan 
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February 4, 1998 

Development and evaluation of environmentally sensitive agricultural production 
technologies in China 

Attended by representatives of JIRCAS and the Soil and Fertilizer Institute of the Chinese 
Academy of Agricultural Sciences and the Institute of Soil Science of the Chinese Academy of 
Sciences, People's Republic of China. 

February 13, 1998 

International contributions of Japan and the ILRI to world animal production research 

Attended by representatives of JIRCAS; the International Livestock Research Institute (ILRI), 
Kenya; and the National Grasslands Research Institute (NGRI), Japan 

March 16-18, 1998 

Properties and uses of acacia wood 

Attended by representatives of JIRCAS and the Universiti Sains Malaysia (USM), Malaysia. 

March 20, 1998 

Summary meeting on the results of Japanese-Chinese collaborative research on 
environmental problems 

Attended by representatives of JIRCAS and the Xinjiang Institute of Biology, Pedology, and 

Desert Research, People's Republic of China. 

March 23-24, 1998 

Manufacture of foodstuffs in China: Present conditions and future directions 

Attended by representatives of JIRCAS; the Food Manufacturers' Association, Northeast China 
Agricultural University, and the Chinese Academy of Agricultural Sciences, People's Republic of 
China; and Mie University, Niigata University, Momoyama Gakuin University, and Nihon 
University, Japan. 

March 24, 1998 

Workshop on new technologies for the development of sustainable agriculture in northeast 
Thailand 

Attended by representatives of JIRCAS, the National Agricultural Research Center (NARC) and 
the Forestry and Forest Products Research Institute (FFPRI), Japan 

March 25-27, 1998 

Problems of water management and Malaysian agriculture 

Attended by representatives of JIRCAS, the Muda Agricultural Development Authority (MADA), 
the Malaysian Agricultural Research and Development Institute (MARDI), the Department of 
Irrigation and Drainage (DID), and the National Hydraulic Research Institute of Malaysia 
(NAHRIM), Malaysia, and the National Research Institute of Agricultural Engineering (NRIAE), 
Japan 
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MISCELLANEOUS MEETINGS and WORKING GROUPS 


Annual Meeting for Review and Promotion of Research 

JIRCAS conducts its Annual Meeting for the Review and Promotion of Research for International Collaboration in February, as the 
end of the fiscal year approaches. The purpose of the meeting is to review and evaluate the year’s activities in detail in preparation 
for the subsequent fiscal year. All operations of JIRCAS are outlined, and research achievements deemed of particular importance 
are highlighted (see Research Overview: Research Division topics for more detail). Those in attendance at the meeting include 
JIRCAS directors and invited representatives from the Agriculture, Forestry and Fisheries Research Council (AFFRC), the Forestry 
Agency, the Fisheries Agency, and various research institutes affiliated with the Ministry of Agriculture, Forestry and Fisheries. In 
1997, the meeting considered, as its principal theme, prospects for cooperation between international agricultural projects and 
domestic research. After reporting on the present state of JIRCAS’s international agricultural projects and their relation to important 
domestic research subjects, project leaders proposed concrete topics on which to focus their cooperation with related domestic 
research centers. Based on these proposals, a variety of opinions on establishing cooperative arrangements between these institutes 
and each international project were exchanged, and participants confirmed their intention to consider further cooperation in the 
future. 


JIRCAS Return Seminars 

At JIRCAS, researchers returning from overseas dispatches or research projects give an oral presentation accompanied by a written 
summary of activities which is distributed to JIRCAS staff. These sessions are termed “JIRCAS Return Seminars” and are held 
during the interim or upon the completion of research projects and dispatch assignments. Such seminars are ordinarily held twice 
per month, and each year approximately fifty scientists give presentations. 


Comprehensive Project Working Group Meetings 

During FY 1997, participants in six comprehensive research projects gathered regularly in working groups to discuss the structure 
and progress of their studies on Mekong Delta farming systems, sustainable agricultural systems in northeastern Thailand, brackish 
water mangrove ecosystems in Malaysia, sustainable agropastoral systems in subtropical Brazil, the food production and 
distribution industries in the People’s Republic of China, and soybean cultivation in the Southern Cone of South America. 
Researchers studying Vietnam, Malaysia, and the Southern Cone held formal meetings as highlighted above in this section. 
Beginning in 1998, researchers involved in the evaluation of regional farming systems in Indonesia and the rainfed rice project in 
West Africa will also convene in similar discussion sessions to evaluate the progress of their projects. 
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PEOPLE'S REPUBLIC OF CHINA 

Project on the Sustainable Production and Utilization of Food Resources 


JIRCAS officially inaugurated its first comprehensive research project with the national government of the People’s Republic of 
China on May 28, 1997. During a ceremony timed to coincide with the sixteenth meeting of the Japan-China Agricultural Science 
and Technology Exchange Group in Tokyo, representatives from JIRCAS, the Japanese Agriculture, Forestry and Fisheries 
Research Council (AFFRC), and the Ministry of Agriculture (MOA) of the People’s Republic of China signed a memorandum of 
understanding committing the institutions to a collaborative research program spanning eight years. 

Photo : Akinori Noguchi, Director of the Crop Production and Postharvest Technology Division, and Dr. Nobuy oshi Maeno, Director General of JIRCAS, 
sign a Memorandum of Understanding with President Mao Darn and Vice President Li Lite of the China Agricultural University in Beijing. 

The comprehensive project aims to develop technologies for sustainably producing and utilizing major food resources in China. 
Such resources, including rice, soybeans, corn, and freshwater fish, will become increasingly important as economic development 
strengthens the purchasing power of ordinary Chinese citizens and enhances their expectations concerning dietary nutrition. 

A report entitled “Who Will Feed China? Wake-Up Call for a Small Planet” (L. Brown, The World Watch Institute, 1995) provided 
the initial impetus behind concerns about the future of China’s food supply. In response, many Chinese and foreign researchers have 
made analyses and projections regarding food supply problems in China, focusing their studies primarily on the grain sector. These 
reports reveal little agreement on future scenarios for food production and demand, most likely due to differences in underlying 
assumptions, data, and estimation processes. Nevertheless, there exists sufficient consensus to conclude that food demand will 
increase continuously during the next three decades and that available supplies will not meet this demand. Consequently, rising 
demands for imported foodstuffs will likely occur. 

The major factors inhibiting agricultural production increases in China include the area of arable land, the poor quality of farmland, 
the weak response of soils to fertilizer, and the small-holder structure of private Chinese farms. In the process of rapid economic 
growth, it is inevitable that more farmland will be put toward non-agricultural uses. New efforts to reclaim land and recent increases 
in crop indices do not seem to have halted the trend toward declining levels of land under cultivation. Moreover, crop yields in 
China remain significantly lower than in advanced industrial countries. 

At the same time, major factors influencing food demand will include the expansion of the population, changes in the structure of 
Chinese society due to rural-urban migration, the growth of income, alterations in the prices of agricultural products, and the 
persistence of poor infrastructure. Due to the inevitable shrinkage of agricultural resources and the natural, structural, financial, and 
economic constraints on yield potentials, demand for food in China will continue to rise even as agricultural production fails to keep 
pace. 

In light of these trends, this project marks an attempt to develop an effective production and distribution system for food resources 
in order to cope with changing structures for the supply and demand of agricultural products. Efforts to achieve this objective will 
require not only an evaluation of the dissemination of new technologies in selected areas and their economic impacts on rural areas 
and individual farmers, but also modeling for the supply and demand of food resources in selected areas, analysis of the structure of 
corresponding farming areas and agricultural products, and design of more effective control systems to improve food supply and 
demand in selected areas. 

In addition, the project seeks to generate technologies for the sustainable and stable production of major food resources. Toward this 
end, project participants intend to evaluate existing genetic resources, create new species, and develop and evaluate environmentally 
sensitive agricultural technologies. Finally, the project aims to develop food technologies that will enhance the utilization and 
distribution of major food resources. These efforts will include evaluating the quality of major food resources, developing new food 
ingredients, and improving preservation and distribution technologies for major food resources. 


Back to the Highlights menu . 
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WEST AFRICA: Rice hybridization and food supply stabilization 



WEST AFRICA 

Project on Rice Hybridization and Food Supply Stabilization 


On the basis of recommendations from the ongoing Workshop on African Agriculture, JIRCAS has long promoted collaborative 
efforts to improve agricultural conditions in African countries, many of which suffer from high population growth, poor economic 
performance, desertification, and urbanization problems that rank among the most severe in the world. In an effort to address some 
of these problems as they impact the development of major food crops, JIRCAS signed a Memorandum of Understanding with the 
West Africa Rice Development Association (WARDA) , a research organization based in Cote d'Ivoire, in early March, 1998. 

Under terms of the agreement, the two institutes will pursue cooperative research on the inter-specific hybridization of two rice 
species, Oliza sativa and Oliza glaberrima, a field in which Japanese scientists can contribute effectively. On a larger scale, the 
project aims to improve the income level of individual cultivators and help to stabilize the overall food balance in Sub-Saharan 
Africa. 

Photo : Introducing a new rice genotype produced through the interspecific hybridization of Oliza sativa ad Oliza glaberrima in the northern part of Cote 
d'Ivoire, Africa. 

As such, the project remains consistent with the intention of JIRCAS to develop and distribute agricultural products which are 
relevant to local socioeconomic conditions, technological levels, and farming practices and to do so within the framework of 
small-scale, water-efficient cropping rather than the large-scale irrigated farming characteristic of more advanced farming systems. 
The project is slated to continue for five years. 
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SOUTH AMERICA 

Project on the Production and Utilization of Soybean Resources 


During the second week of March, 1998, JIRCAS signed Memoranda of Understanding with two South American organizations, the 
National Institute for Agricultural Technology (INTA) of Argentina and the Ministry of Agriculture and Livestock (MAG) of 
Paraguay. This agreement commits the organizations to a new collaborative research project entitled “Soybean improvement, 
production, and utilization in South America” initiated by JIRCAS in April, 1997. 

Photo : Ceremony in Buenos Aires, Argentina, at which Dr. Nobuyoshi Maeno, Director General of JIRCAS, and Luis M. Firpo Brenta, Vice President of 
INTA, signed a Memorandum of Understanding pledging cooperation under the South American soybean project. March 12, 1998. 

The project will promote multidisciplinary studies on soybean production and utilization in Southern Cone countries through the 
encouragement of collaborative research linking Japanese and South American specialists. Cooperation in this area is particularly 
important given the large role which South American countries play in the international production of soybeans, a major source of 
food, oil, and livestock feed. The recent agreements with INTA and MAG complement earlier soybean research projects by 
focusing efforts in five areas, including genetics and breeding, soil management and pest control, crop management and production, 
post harvest technology, and socioeconomic factors. Research efforts will proceed on a continuing basis with no ending date set. 

The cooperation of the Brazilian Agriculture Research Corporation (EMBRAPA) is also expected. 

Photo : Following the signing ceremony, Mr. Firpo Brenta led guests on a tour of agricultural sites in northeastern Argentina . 
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MONGOLIA: Monitoring of grassland evapo-transpiration 



MONGOLIA 

Project on the Monitoring of Grassland Evapo-Transpiration 


In September, 1998, JIRCAS Director General Nobuyoshi Maeno signed a Memorandum of Understanding with the Institute of 
Meteorology and Hydrology, a division of the Mongolian Ministry of Nature and Environment. The agreement is entitled “Studies 
on heat and water exchange in the atmosphere-vegetation-soil system for the determination of evapo-transpiration distribution.” 

Under terms of the agreement, scheduled to run for three years, the two institutes will focus cooperative efforts on developing 
techniques for monitoring turbulence flux over grassland areas and applying remote sensing techniques for hydrological monitoring. 
More specifically, plans call for observations of eddy transfer characteristics in the Arvayheer area toward the development of 
suitable corrections for the Band Pass Covariance Method. The same region will be utilized for time-sequential and sub-pixel 
analysis of surface and satellite data that may help to improve algorithms for soil moisture and snow-water equivalency factors. 

Photo : JIRCAS researchers sampling soil and measuring moisture levels on the steppes of Mongolia . 


Other important Memoranda of Understanding 

A number of other important MOU’s have been concluded during the previous year. Seven such documents signed in August, 1997, 
commit JIRCAS to pursue cooperative studies with research institutes and organizations in the People’s Republic of China, 
including the China Agricultural University, the Research Center for Rural Economy, and the Jilin Academy of Agricultural 
Sciences. Also signing on to collaborative research projects are four affiliates of the Chinese Academy of Agricultural Sciences: the 
Institute of Natural Resources and Regional Planning, the Soil and Fertilizer Institute, the Institute of Agricultural Economics, and 
the China National Rice Research Institute. 

In addition, JIRCAS has concluded MOU’s with the International Maize and Wheat Improvement Center (CTMMTO located in 
Mexico City, Mexico, and the International Center for Research in Agroforestry (ICRAF) located in Nairobi, Kenya. 

Photo : Mitsuo Ishige, former director of the Biological Resources Division at JIRCAS, sign a Memorandum of Understanding with Director General Cun 
Shan Ying of the China National Rice Research Institute in Hangzhou, Zhejian Province.. 
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ACADEMIC PRIZES AND AWARDS 



Academic Prizes and Awards 


JIRCAS is pleased to note that many of its staff members have been the recipients of academic prizes and awards from scientific 
societies and other organizations. The following is a brief summary of special achievements received during the previous Fiscal 
Year. The Institute is proud to include these awards in the Highlights of Annual Report 1997. 


Glaciology 

Soil Science and Plant Nutritio 

n 

Dr. Hiroyuki Ohno, Senior Researcher in the 

Environmental Resources Division, received the 1997 

Hirata Award from the Japanese Society of Snow and Ice for 
“Study on heat transfer on thick snow and ice mass.” The 
award is given to a researcher as the Society’s recognition of 
individual’s achievement on glaciology and encouragement 
for successful career evolution. 

Dr. Yoshinari Ohwaki, Senior Researcher at the Okinawa 
Subtropical Station, received the 1998 Young Scientist 
Award for Soil Science and Plant Nutrition from the Japanese 
Society of Soil Science and Plant Nutrition for “Comparative 
studies on phosphorous and iron nutrition of legumes.” The 
award is given to a rising, young researcher as the Society’s 
recognition of individual achievement and promise. 
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JIRCAS AND THE MINISTRY OF AGRICULTURE, FORESTRY, AND FISHERIES 


JIRCAS AND THE MINISTRY OF AGRICULTURE, 


FORESTRY, AND 
FISHERIES 




Administration of the MAFF Research Institutes 

The Japan International Research Center for Agricultural Sciences (JIRCAS) is one of twenty-nine research institutes belonging to the 
Ministry of Agriculture, Forestry and Fisheries (MAFF) , a department of the Japanese government. As Japan faces the twenty-first century, 
these agricultural research institutes are playing a key role in the development of new technologies, such as biotechnology, which will 
powerfully influence further developments in the food industry and help to promote agriculture, forestry and fisheries activities both in Japan 
and abroad. MAFF's institutes work in close collaboration with local governments, universities, and private research organizations with the 
dual objectives of contributing to the overall prosperity of Japan while making significant contributions to the international community. 

Including JIRCAS, nineteen of the twenty-nine institutes affiliated with MAFF are directly overseen by the Agriculture, Forestry and Fisheries 
Research Council (AF'FRC) . a special administrative body attached to the Ministry. Principal duties of the AFFRC include overall research 
planning and coordination, liaison and coordination between researchers and administrative entities, administration of the institutes, and 
provision of research assistance to local organizations and the private sector. The AFFRC is headed by a chairman, and its advisory members 
consist of independent university professors, former directors of research institute, and high officials who previously served within MAFF 
(Table 1) . The ten remaining national agricultural research institutes, include one in the field of forestry and nine devoted to fisheries research, 
are attached to the AFFRC but are overseen, respectively, by the Forestry Agency and the Fisheries Agency, administrative agencies under the 
direct supervision of MAFF. Figure 1 provides further details of these organizational arrangements. 

JIRCAS is unique among the national agricultural research institutes in that it serves as an international research center while, at the same 
time, remaining an integral part of the MAFF infrastructure. Therefore, JIRCAS both dispatches researchers overseas and remains involved in 
active exchange and collaboration with the other twenty-eight institutes. The Institute is located in Tsukuba Science City, nearly 50 km 
northeast of Tokyo ( Figure 2) , along with a number of other research institutes affiliated with MAFF. The AFFRC Secretariat maintains a 
Tsukuba Office, which constitutes the administrative center of the Tsukuba Institutional Complex. Tsukuba itself is home to many other 
research institutes and experimental facilities belonging to other ministries and agencies of the Japanese government, as well as to the private 
sector. 


Administration and Research at JIRCAS 

The JIRCAS staff currently includes a total of 163 research scientists and administrators, including forty-three staff members posted to the 
JIRCAS Okinawa Subtropical Station on Ishigaki Island. A Director General heads the Institute from the Main Building in Tsukuba. The 
Research Planning and Coordination Division oversees the seven Research Divisions that comprise JIRCAS: the Research Information 
Division, Biological Resources Division, Environmental Resources Division, Crop Production and Postharvest Technology Division, Animal 
Production and Grassland Division, Forestry Division, and the Fisheries Division, as well as the Okinawa Subtropical Station. The 
Administration Division is responsible for general administrative affairs. The administrative structure of JIRCAS is further delineated in 
Figure 3 . 


# Research Planning and Coordination Division 

The Research Planning and Coordination Division functions as a central organ for overseeing and supporting the activities of the seven 
Research Divisions and the Okinawa Subtropical Station. The Division consists of a Research Planning Section, a Research Coordination 
Section, a International Relations Section, and a Publication and Documentation Section. Their activities are supported by the work of an 
International Research Coordinator and a Research Information Officer assigned to the Division. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1997/intro/maff.htm (1 of 2) [10/7/2002 9:37:54 PM] 










JIRCAS AND THE MINISTRY OF AGRICULTURE, FORESTRY, AND FISHERIES 


The Research Planning Section, Research Coordination Section, and International Relations Section are jointly responsible for the 
implementation of research programs involving JIRCAS researchers both overseas and in Japan. Staff members within the three divisions 
undertake comprehensive planning of JIRCAS research projects, arrange the dispatch of researchers on long and short-term bases, assist in the 
implementation of invitation programs for visiting researchers and administrators, and maintain communication with relevant international and 
domestic organizations. The Publication and Documentation Section handles the collection, classification, and supply of bibliographic 
materials both from overseas and from domestic sources and prepares public relations materials for the Institute. The International Research 
Coordinator oversees collaborative efforts in Southeast Asia while serving in the Bangkok Office as the JIRCAS Representative to Thailand. 
The Research Information Officer is responsible for developing the JIRCAS computer information network and coordinating the exchange of 
data between JIRCAS and related research institutions. Additionally, the Division as a whole coordinates the organization of various meetings 
and workshops, including the annual International Symposium. 


# Administration Division 

The Administration Division consists of a General Affairs Section, an Accounting Section, and an Overseas Support Section. The General 
Affairs Section manages official documents, personnel-related matters, and social affairs pertaining to JIRCAS staff. The Accounting section 
handles accounting activities, budgeting, settlements and wage distribution. Finally, the Overseas Support Section assumes responsibility for 
all matters pertaining to the overseas operations of JIRCAS, including general international affairs, overseas expenditures, and overseas 
shipments of equipment and materials. 


• Other 

The Okinawa Subtropical Station maintains a separate General Affairs Section independent of the Administration Division. Additionally, 
JIRCAS has two field management sections which oversee experimental fields belonging to the Institute. The Okinawa Field Management 
Section falls under the direct supervision of the Okinawa Subtropical Station management, while the Tsukuba Field Management Section is 
attached to the Crop Production and Post Harvest Technology Division. 
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Table 1 


JIRCAS and the Ministry of Agriculture, Forestry, and Fisheries 


Table 1. Current Members of the Agriculture, Forestry and Fisheries Research Council. 



Sakue Matsumoto 

Former Vice-Minister of the Ministry of Agriculture, Forestry and 
Fisheries 

Ryoichi Kawashima 

Former Director General of the National Agriculture Research Center 

Tetsuo lino 

Professor, Waseda University (Genetics) 

MasatoshiY oshino 

Professor, Aichi University (Meteorology) 

Takenori Inoki 

Professor, Osaka University (Economics) 

Kazuo Takahashi 

Governor, Yamagata Prefecture 

Akinori Suzuki 

Former Vice-President, University of Tokyo 
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General Organization of the Research Institutes 

Affiliated with the Ministry of Agriculture, Forestry and Fisheries 

Twenty-nine research organizations are affiliated with the Ministry of Agriculture, Forestry and Fisheries. Nineteen 
are directly overseen by the Agriculture, Forestry and Fisheries Research Council (AFFRC), and one forestry and 
nine fisheries institutes fall underthe administration of the Forestry Agency and the Fisheries Agency, respectively. 
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National Agriculture Research Center 
National Institute of Agrobiological Resources 
National Institute of Agro-Enuironmental Sciences 
National Institute of Animal Industry 


NationalGrassland Research Institute 
FruitTree Research Station 


FORESTRY AGENCY 


FISHERIES AGENCY 


AGRICULTURE. FORESTRY 
AND FISHERIES RESEARCH 
COUNCILSECRETARIAT 
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National Institute of Agricultural Economics 
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National Food Research Institute 


Japan Into rratio re I Research Center 
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Forestry and Forest Products Research Center 


Hokkaido National Fisheries Research Institute 


■ Tohoku National Fisheries Research Institute 


; National Research Institute of Fisheries Science 


; Nanseikai National Fisheries Research Institute 


■ = 


Seikai National Fisheries Research Institute 


n Sea National Fisheries Research Institute 




National Research Institute of Far Seas Fisheries 


; National Research Institute of Aquaculture 


National Research Institute of Fisheries 


Institutes located inTsukuba. 

Institutes locatedo outside ofTsukuba. 

Denotes an organization under jurisdiction of the Ministry. 
Denotes an organization whose research actiurtiesfall under 
the jurisdiction ofthe Agriculture, Forestry and Fisheries 
Research Council. 
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Locations of the Twenty-Nine Institutes of the Ministry of Agriculture, Forestry and Fisheries 


Hokkaido National Fisheries Research Institute (Kushiro) 
Hokkaido National Agricultural Experiment Station (Sapporo) 


Japan Sea National Fisheries Research Institute (Niigata) 


Hokuriku National Agricultural Experiment Station (Jouetsu) 

Chugoku National Agricultural Experiment Station 
(Fukuyama) 

Nansei National Fisheries Research 
Institute (Oona) 




Tohoku National Agricultural Experiment Station 
(Morioka) 


Tohoku National Fisheries Research Institute 
(Shiogama) 
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The Research Information Division fulfills three main responsibilities relating to research operations at JIRCAS. First, the Division 
collects and analyzes information pertaining to socioeconomic conditions and the state of agricultural sciences in developing 
countries. Second, it attempts to formulate and coordinate collaborative research projects with public and private organizations in 
developing countries. In recent years, this role has grown in relative importance as JIRCAS has become increasingly involved in 
large-scale, comprehensive research projects with countries throughout the world. Finally, in an effort to coordinate rising flows of 
data to and from partner countries, the Division has assumed the responsibility of developing and operating information systems 
through mainframe computers located at JIRCAS. 

The Division's research coordinators and senior scientists undertake these tasks from two distinct perspectives. The first is a 
strategic perspective focusing on critically important world regions, including China, other monsoonal areas of Asia, arid and 
semi-arid Asian areas, Africa, and Latin America. The second perspective focuses on particular issues, with an emphasis on global 
problems generated by environmental degradation, food insecurity, and unbalanced patterns of rural development. Combining these 
two perspectives, research coordinators in the Research Information Division conduct studies on agriculture in specific regions and 
consider the prospects for collaborative studies. They design and coordinate comprehensive projects in which scientists representing 
different disciplinary backgrounds can work together toward common goals. Thus far, eight major comprehensive projects have 
been designed and implemented since the establishment of JIRCAS. 

In 1994, JIRCAS launched its first comprehensive research project in Vietnam in an effort to promote improved efficiency in the 
combined farming systems currently used in the Mekong Delta region. Subsequently, the Division launched comprehensive projects 
on tropical brackish water ecosystems in Malaysia and sustainable agricultural technologies in Northeast Thailand during 1995, and 
another comprehensive project on sustainable agro-pastoral rotation systems in subtropical Brazil during 1996. In FY 1997, two 
new comprehensive projects began, one targeting sustainable production and processing of major food resources in China and the 
other investigating new technological developments for soybean production and utilization in South American countries. 
Additionally, the Division has been planning comprehensive projects on rice development in West Africa and farming systems in 
Indonesia scheduled to begin during the next fiscal year. 

Photo : Chongwenmen Food Market in Beijing teems with shoppers on a recent weekend afternoon. 

The Research Information Division is also involved in analyzing global issues. In collaboration with the FAO and other 
international agencies, the Division recently helped to develop a sophisticated world food model that can be used to project world 
food supply and demand and to simulate the effects of proposed policy changes. At the same time, findings derived from ongoing 
collaborative research projects at JIRCAS are often incorporated into simulations conducted using the model. Currently, researchers 
are attempting to elaborate the model so that the impact of environmental changes can also be analyzed. In addition, researchers 
within the Division are studying rural development strategies, with particular emphasis on farming systems research, by reviewing 
recent development strategies and assisting researchers in the natural sciences who are involved in integrated rural development 
projects. 

Another important task of the Division is to develop and operate the computer-based JIRCAS information system. In addition, the 
Division has constructed a database of bibliographic articles on tropical agriculture published in Japan which is available to JIRCAS 
researchers. The Division has developed an integrated information system including statistical data, documents and imagery data 
based on PC windows and UNIX. JIRCAS researchers have access to this information as well as access to external sources through 
the Internet system. 

Finally, the Division works as the secretariat for the numerous international seminars and workshops which JIRCAS researchers 
conduct throughout the year. The largest is the JIRCAS International Symposium, which addresses a topic of central importance in 
agricultural research. The International Symposium for FY1997 concerned “Sustainable agricultural with environmental 
conservation in Asia” and was attended by 230 participants from over twenty countries. 

^ Division Topic : Modeling Food Demand and Supply in Shandong, China. 
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RESEARCH INFORMATION DIVISION TOPIC 

Modeling Food Demand and Supply in Shandong, China 


Questions regarding the future of China’s food supply are matters of great concern among both national leaders and specialists 
throughout the world. Such concerns derive from the wide regional gaps which exist in patterns of food supply and demand in 
China, as evidenced in per capita agricultural land statistics, the unequal distribution of income, patterns of food intake, and the 
persistence of policy priorities favoring certain commodities. In order to better estimate future trends affecting food supply in the 
midst of such factors, analyses based on detailed regional information is essential. Our study examined the case of Shandong 
province, an eastern coastal province which has played a significant role in Chinese agriculture since the beginning of 
market-oriented reforms. 

In order to suggest tentative prospects for the food balance in Shandong Province in the year 2010, we constructed an econometric 
model covering thirteen commodities, namely wheat, rice, maize, tubers, soybeans, groundnuts, pork, beef, mutton, poultry, eggs, 
fish and milk. We examined demand functions separately for urban and rural areas of the province. Most parameters used in the 
model were estimated econometrically, based on historical data, including artificial compound prices combining government 
procurement prices with the market retail prices that have emerged since the introduction of market-oriented reforms. We allowed 
substantial time lags between agricultural investment from local authorities and changes in fertilizer prices and their impacts on crop 
yields. 

Our model utilized two possible scenarios for estimating future changes in procurement prices and fertilizer prices. Scenario A 
assumed that price evolution would continue along the same trajectory as average price changes between 1980 and 1995. Scenario B 
assumed convergence at the level of world market prices by the year 2010, a probable outcome in the case that China gradually 
opens its agricultural markets through international negotiation. Assumptions were also made for other exogenous variables based 
on historical data (Table 1) . Combining A and B with three different possibilities for economic and population growth generated a 
total of six scenarios simulated within the model. 

Our simulations produced several useful suggestions about the food balance in Shandong Province in the near future. Regardless of 
scenarios, the model predicts that the region will experience increasing surplus levels of wheat and rice (Figure 1) , along with meat 
and eggs. At the same time, the regional deficit for maize, which is mostly used for animal feed, appears poised to deepen over time 
(Figure 2) . These results suggest that more agricultural land in the region may be designated for maize production, and that 
utilization of imported feed may become more common in Shandong, as in neighboring Asian countries. 

Future grain production will also be affected by market and procurement prices, as well as the relative share of commodity sales 
falling under each category. Thus, the response of supplies to price changes will remain the key element for improvement in the 
model, requiring intense studies of the progress of relevant local policies. Our model also suggests that different livestock raising 
systems will heavily affect the predicted outcomes for feed requirements, as the efficiency of feed-livestock conversion has a large 
impact on feed usage within the model. 

With limited sources of information and constant change affecting contemporary Chinese economic institutions, outputs from this 
model should be treated as tentative and conditional. However, further efforts to construct such models will continue at JIRCAS, 
and the advantages of this type of study will become increasingly evident as models expand to cover each province in China. 

(O. Koyama) 
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Modeling Food Demand and Supply in Shandong, China 


Table 1 . Assumptions used in the simulation scenarios. (Figures represent percentage p.a.). 


I: Baseline 

1.9 

5.7 

6.7 

0.99 

6.0 

II: Optimistic 

3.6 

4.7 

5.7 

0.87 

5.0 

III: Pessimistic 

1.0 

7.7 

9.0 

1.29 

7.0 
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Wheat and Rice Transference in Shandong Province 



A1 (Likely) —■— All (Optimistic) —■— Alll (Pessimistic) 

B1 (Likely) • Bll (Optimistic) —♦— Bill (Pessimistic) 


Figure 1 . Wheat and rice transference in Shandong Province. 
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Modeling Food Demand and Supply in Shandong, China 


Maize Transference in Shandong Province 



A1 (Likely) —■— All (Optimistic) —■— Alll (Pessimistic) 

B1 (Likely) — Bll (Optimistic) ♦ Bill (Pessimistic) 


Figure 2. Maize transference in Shandong Province. 
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In many developing regions of the world, rapidly increasing populations combined with problems of progressively deteriorating natural resources 
have led to widespread malnutrition and serious instability in crop production. As a result, such areas are now faced with the need to increase and 
stabilize agricultural production through methods compatible with the preservation of the environment. Agricultural technologies that optimize the 
use of biological resources will play an important role in determining whether or not this objective can be met. 

Photo : An Attdean market in Ulluco, Peru, is a treasure house of plant genetic resources. 

In response to these concerns, the Biological Resources Division has placed considerable emphasis on collaborative on-site breeding projects in 
foreign countries. The objective of such projects is to utilize available genetic resources and biotechnological procedures to develop new crop 
varieties. In cooperation with the International Rice Research Institute (IRRI) in the Philippines, for example, the Division has been involved in a 
recent project examining blast resistance in several rice varieties, results of which allowed for the selection of near-isogenic lines of rice and the 
development of several pre-isogenic lines with different single genes with blast resistance. Working with the International Maize and Wheat 
Improvement Center (CIMMYT) in Mexico, the Division has conducted research on the doubled haploid system and marker-assisted selection, 
which may assist wheat breeders in developing countries in increasing the efficiency of their operations. Additionally, in collaboration with the 
Soybean Institute of the Jilin Academy of Agricultural Sciences in the People's Republic of China, our researchers helped to develop soybean 
varieties resistant to viral diseases and nematode pests. At the same time, experts dispatched by the Division to the International Crop Research 
Institute for the Semi-Arid Tropics (ICRISAT) evaluated sorghum and pigenpea germoplasm to obtain genetic resources highly adaptable to soils 
with low nitrogen and phosphorus levels. And at Khon Kaen University in Thailand, Division scientists analyzed cowpea cultivars during the dry 
season to test the possibility of utilizing them as feed or green manure. 

Using technology available in Tsukuba to support these overseas efforts, researchers from the Biological Resources Division have been studying 
genetic resources and crop production in selected crops and experimental plants. Several have been working with the Yunnan Academy for 
Agricultural Sciences in the People’s Republic of China to analyze genes that provide disease and cool-weather tolerance in rice strains, to screen 
relatives of wheat to help understand disease resistance in particular wheat strains, and to utilize molecular markers for analyzing genetic resistance 
to Fusarium head blight. The molecular biology group of the Division, including several visiting scientists, has recently utilized biotechnological 
methods to study environmental stress patterns in higher-order plants, in particular examining how to use genes and regulatory factors for the 
production of drought-tolerant transgenic crops. The researchers isolated a number of genes that function in drought tolerance and, using 
Arabidopsis and cowpea plants, analyzed the regulatory factors of these genes in stress response. Their research will contribute to the development 
of commercial crops capable of withstanding potentially damaging environmental stresses, perhaps thereby helping to mitigate problems relating to 
the food crisis and environmental degradation in developing countries. 

® Division Topic #1 : Improving Plant Tolerance to Environmental Stress by Gene Transfer. 

♦ Division Topic #2 : Hybrid Rice Yields under Low Direct Seeding Rate Conditions in Malaysia. 
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BIOLOGICAL RESOURCES DIVISION TOPIC 1 

Improving Plant Tolerance to Environmental Stress by Gene Transfer 


Drought, salinization and freezing are environmental conditions that dramatically affect the growth of plants and the productivity of 
crops. Genetic engineering, through the use of gene transfer technology, has the potential to improve stress tolerance in crops. 
Recently, several different approaches to improve the stress tolerance of plants by gene transfer have been attempted. Approaches 
yielding partial improvement involved the introduction of gene encoding enzymes required for the biosynthesis of various 
osmoprotectants, such as mannitol, proline, glycine, and betaine. The introduction of genes which encode enzymes for modifying 
membrane lipids, late embryogenesis abundant (LEA) proteins, and detoxification enzymes has also been attempted. 

In each approach, a single protective protein or enzyme has been produced in the test plants. However, comprehensive studies 
suggest that a number of genes function in environmental stress tolerance and response. In order to contribute to improvements in 
biotechnology for stress tolerance, we analyzed plant responses to environmental stress. During the course of our research, we 
cloned more than 40 cDNAs for dehydration-inducible genes from Arabidopsis and subsequently analyzed the gene expression, the 
gene products functions, and the signal transduction cascades under water stress for each. Our findings matched earlier suggestions 
that genes induced during stress conditions protect cells from environmental stress not only by producing important metabolic 
proteins but also by regulating genes for signal transduction in stress response. 

One of the isolated genes, rd29A, is induced by the stress of drought, high salt and low temperature. We analyzed the rd29A 
promoter and identified a novel cis-acting element containing 9 bp, TACCGACAT (DRE, Dehydration Responsive Element), that 
is involved in dehydration-, salt- and cold-responsive gene expression. We isolated two cDNA clones that encode DRE binding 
proteins, DREB1A and DREB2A, by yeast one-hybrid screening. The DREB1A and DREB2A proteins contain a conserved DNA 
binding motif found in the ethylene-responsive element binding protein and AP2 proteins (EREBP/AP2 motif) that function in 
ethylene-responsive expression and floral morphogenesis, respectively. Both proteins specifically bound to the DRE sequence in 
vitro and activated the transcription of the b-glucuronidase reporter gene driven by the DRE sequence in Arabidopsis leaf 
protoplasts. Expression of the DREB1A gene was induced by low-temperature stress while expression of the DREB2A gene was 
induced by dehydration. Thus, two independent DREB proteins, DREB1A and DREB2A, function as trans-acting factors in two 
separate signal transduction pathways under low temperature and dehydration conditions, respectively (Figure 1) . 

Overexpression of the DREB 1A cDNA in transgenic Arabidopsis plants using constitutive cauliflower mosaic virus 35S promoter 
induced strong expression of the target genes under unstressed conditions. These target genes include kinl, cor6.6, rdl7, corl5a and 
erdlO, which are induced by both dehydration and cold stresses. Proteins encoded by these target genes have been shown to 
function in protecting plant cells from dehydration and low temperature stress. These transgenic plants revealed multi-stress 
tolerance to drought, salt and freezing. Higher levels of the transcripts of the DREB 1A gene in the transgenic plants increased their 
stress tolerance to dehydration and freezing. However, the higher level of the transcripts also caused the growth retardation of plants 
grown in unstressed conditions and remarkably reduced plant productivity. 

We avoided this problem by using the stress inducible rd29A promoter. The DREB 1A gene driven by the rd29A promoter was 
expressed at low levels under controlled conditions but was immediately induced to very high levels by dehydration, salt and low 
temperature stress. In transgenic plants, the stress tolerance was high, but growth retardation was not severe and the productivity of 
the plants was almost the same as in the natural state (Figure 2) . Previously, we showed that the cis-element DRE also functions in 
tobacco plants and DRE-related motifs have been reported in the promoter region of the cold-inducible Brassica napus gene. These 
observations suggest that both the DREB 1A cDNA and rd29A promoter may be useful for improving dehydration, salt and freezing 
tolerance in crop plants. 


(K. Yamaguchi-Shinozaki) 
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Figure 1 

BIOLOGICAL RESOURCES DIVISION TOPIC 1 

Improving Plant Tolerance to Environmental Stress by Gene Transfer 
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Figure 1. A model for the induction o/rd29A gene expression under dehydration, high-salt, and low-temperature conditions. There 
are at least two independent signal transduction pathways, ABA-independent and ABA-responsive, between environmental stress 
and expression of the rd29A gene. DRE functions in the ABA-independent pathway, andABRE is one of the cis-acting elements in 
the ABA-responsive induction o/rd29A. Two independent DRE binding proteins, DREB1A and DREB2A, function as trans-acting 
factors and separate two signal transduction pathways in response to cold and drought/high salinity stresses, respectively. 
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Figure 2. Freezing, drought and salt stress tolerance of rd29 A.DREB1A transgenic plants. Plants in drought stress experiments 
were denied water for two weeks, while freezing stress experiments involved exposure to temperatures of-6° C for 2 days and 22° 
Cfor 5 days. Comparison is with control plants grown for three weeks under normal conditions. 
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BIOLOGICAL RESOURCES DIVISION TOPIC 2 

Hybrid Rice Yields under Low Direct Seeding Rate Conditions in Malaysia 


Direct seeding of rice is common throughout Malaysia. In order to control detrimental weed growth in paddy fields, seeding rates 
that reach 100 kg/ha are often employed. These practices present problems in efforts to raise the productivity of rice cultivation in 
Malaysia, as high-yielding hybrid rice seeds are more expensive than normal rice seeds. Hybrid rice cannot be used economically 
without reducing excessively high seeding rates. Initial testing elsewhere has demonstrated that hybrid rice lines experience high 
rates of initial growth, suggesting that their use in direct-seeded paddy fields may offset weed competition sufficiently to produce 
comparative advantages over common rice lines. Our research tested this hypothesis. 

We conducted low seeding rate yield trials of high-yielding hybrids from the International Rice Research Institute (IRRI) in the 
Philippines and from India and checked their competitive abilities against Echinochloa spp., namely, E.oryzicola, E.crus-galli var. 
formosensis and E.crus-galli var. crus-galli. 

Photo : Hybrid rice growing in Bumbung Lima, Malaysia. 

The highest varietal heterosis across seeding rates was 115.5 by IR69690H. This heterosis level is considered to be low. All four 
IRRI hybrids were confirmed at about 20 percent of heterosis over MR84 in transplanted yield trials for four consecutive seasons in 
Malaysia. One reason for the relatively low heterosis in hybrids may be the fact that hybrids have never been selected in a direct 
seeding condition, even at the IRRI and in India. Adaptability for direct seeding might prove different from that for transplanting. 

The highest varietal yield of 3.23 t/ha was achieved by MR185 with Echinochloa spp. The hybrids used here did not show any 
superiority over the control variety MR 185 in direct seeding conditions where the fields were very much infested with Echinochloa 
spp. plants. The average dry whole weight of Echinochloa spp. was 2.13 t/ha. In this experiment the infestation of Echinochloa spp. 
is considered to be very serious. With the increase in culm length that ranged from 65 cm to 80 cm, the yield of hybrids clearly 
increased. Even within this range of variation of culm length, their yield increased according to the height of rice. For the purpose 
of controlling weeds in paddy fields, seeding rates have to be as high as about 100 kg/ha, whereas in the case of transplanting, the 
seeding rates can be reduced to about 20 kg/ha. 

Hybrid rice seeds are 5 to 10 times more costly than normal rice seeds. According to the results of this experiment, hybrid rice was 
not more competitive against weeds than the usual rice lines in direct seeding paddy fields. These findings imply that utilizing 
high-yield hybrids in direct-seeded paddy fields under drastically reduced seed rates will, ultimately, prove impractical. 

By introducing transplanters, seed rates can be reduced by up to 20 kg/ha. The increase in seed cost is estimated at no more than 
RM (Malaysian ringgit) 200/ha. With the addition of labor and other cost incurred in using transplanters, the total increase in cost is 
RM 475.4/ha. To cover this cost increase, 0.63 t/ha increase in yield is necessary, and a yield increase of roughly 1.0 t/ha would 
allow farmers to profit even with hybrid rice. Therefore, the use of transplanters appears to be the most practical means of utilizing 
hybrid rice in Malaysia. 


(H. Kato) 
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Recent estimates suggest that the world population could reach the 6.3 billion mark by the year 2000 and the 6.8 billion mark by 2025. To 
feed this ever-increasing population, existing agricultural land is likely to be subjected to a higher intensity of cultivation in populous areas, 
and farmland development is likely to be extended to areas only marginally suited for agriculture. Trade liberalization in recent years has 
led to a sharp increase in the importation of commercial crops and is encouraging increased production in exporting countries. This may 
result in excessive load to farmland soils as well as continuous single cropping and deforestation in many countries. Past experience has 
shown that these practices accelerate farmland degradation and desertification on a global-scale. Such drastic changes in land use cause 
climatic transformation over extended regions and bring about unpredictable constraints to existing agricultural and forest ecosystems. 

Photo : JIRCAS researchers sampling soil and measuring moisture levels on the steppes of Mongolia . 

From the middle of this century, patterns of land utilization have been changing due to population expansion. These changes, along with a 
rapid increase in fossil fuel consumption, have had tremendous impact on the atmosphere through intensified emission of carbon, nitrogen, 
and sulfur gases. The annual consumption of fossil fuel now exceeds 5 billion tons of carbon. If the present level of consumption continues, 
C0 2 concentration will increase by 0.5 per year and double by the middle of the next century. The 1995 report from the Internationa 1 Panel 
on Climate Change (IPCC) suggests that a two-fold increase in C0 2 concentrations could cause an increase in mean global surface 
temperature by about 2C by the year 2100. 

Furthermore, research has shown that the atmospheric concentrations of other greenhouse gases such as methane, nitrous oxide and 
chlorofluorocarbons have also increased greatly within the past two decades. If the effects of these trace gases are taken into account, 
global warming is estimated to take place more rapidly than in the case where the effects of C0 2 are considered alone. These trace gases 
move from the troposphere to the stratosphere and participate in the destruction of stratospheric ozone. The depletion of the ozone layer 
allows more ultraviolet rays to reach the Earth’s surface where millions of species of organisms live without any means of protection from 
ultraviolet radiation. 

To address these problems, this Division is organizing research to identify and develop technologies for the improvement of agricultural 
activities and the rehabilitation of degraded lands. The target technology must be compatible with the conservation of the environment and 
ecosystems such as arid lands, wetlands and sloped lands which have long been considered of little use for agriculture. Other projects aim 
at the development of technology for sustainable agriculture through analyzing mechanisms of nutrient cycling within arable land 
ecosystems. To conserve the global environment in harmony with agricultural activities, research on sustainable agriculture should be 
given foremost emphasis. 

♦ Division Topic #1 : Using Neural Networks to Assess Vegetation Stability. 


# Division Topic #2 : Using Remote Sensing to Monitor Land Use in Semi-arid Tropical India. 


^ Division Topic #3 : Nitrous Oxide Emission from Fertilized Upland Fields in Thailand. 
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ENVIRONMENTAL RESOURCES DIVISION TOPIC 1 

Using Neural Networks to Assess Vegetation Stability 


In arid regions, declining levels of vegetation cover have contributed to the intensification of desertification. Manifold complex 
factors are involved in this type of land degradation, including land factors such as topography and soil characteristics, climatic 
factors such as average temperatures and rainfall variations, and human-induced factors such grazing intensity and land use. Proper 
assessment of these factors requires analytical methods capable of considering numerous variables simultaneously. This project 
applied remote sensing and neural network algorithms in order to analyze relationships between environmental factors and land 
degradation and to make assessments of vegetation stability. We selected the Kunoth Paddock (153 km 2 )’ located in an arid region 
of central Australia, as the test site for the study. 

Neural networks are characterized by high parameters and data availability, which permit automatic definition through the 
self-learning of supervised data sets. They often operate in pattern analysis problems to provide a means of resolving relationships 
between factors and phenomena. Consequently, neural networks are commonly utilized for classification purposes and are regarded 
as effective modeling methods for use with the Geographic Information System (GIS). 

Proper evaluations of vegetation stability should consider two principal site characteristics, the richness of vegetation and 
vegetation change. Prior to construction of our assessment model, we analyzed these characteristics of the test site using 
LANDSAT/TM data. Richness and change of vegetation were measured with categorized PD54, the specific vegetation index from 
satellite data provided by the Division of Wildlife and Ecology of the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO). Results of this analysis indicated that the relative richness of vegetation was higher on the eastern side than 
the western and southern parts of Kunoth Paddock, while vegetation change in the eastern part was high and areas of low vegetation 
remained small. 

Neural networks contain both an input layer and an output layer, which correspond respectively to factors and phenomena. In this 
study, vegetation richness and vegetation change as indicated by PD54 analysis represented the output layer. Inputs consisted of 
seven environmental factors, which we assigned as geomorphic systems, hydrological units, soil units, vegetation units, slope, 
distance from water points, and distance from ridges. Two neural network models were constructed through the self-learning of 
supervised data sets, which included 271 points of data combining the seven input factors and the output properties of vegetation. 
Each model scored 74.5% accuracy in relation to the supervised data sets, and this figure was regarded as the reliability of the 
models. 

Based on these models, we utilized GIS data to perform map calculations in an effort to estimate vegetation richness and change 
across the full test site. Two maps produced by map calculation were integrated into the assessment. We then compared data from 
the models to field observations executed in February and November, 1997, to verify properties of the test ( Figure 1) . Observations 
suggested that shrub land consisting largely of mulga shrubs dominated the northern to western part of the Kunoth Paddock, while 
annual short-grass characterized the east. In the south, large-scale soil erosion had occurred. These conditions generally matched 
results of our neural network assessments, suggesting that neural networks may provide significant advantages as modeling 
methods. Because they prepare reliable supervised data sets, neural network work well with GIS modeling. 


(Y. Yamamoto) 
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ENVIRONMENTAL RESOURCES DIVISION TOPIC 1 

Using Neural Networks to Assess Vegetation Stability 



Assessment map of vegetation stability using Neural Network models. 


Figure 1. Assessment map and photographs showing vegetation stability at Kunoth Paddock using neural network models. 
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ENVIRONMENTAL RESOURCES DIVISION TOPIC 2 

Using Remote Sensing to Monitor Land Use in Semi-Arid Tropical India 


In the semi-arid tropics of India, agricultural land use varies in relation to physical factors such as soil and climatic conditions. The 
lack of reliable geographical information for most of the semi-arid region renders the task of measuring changes in land use 
extremely problematic. This study aims to develop better methods for monitoring both the spatial and temporal aspects of agricultural 
land use through the use of remote sensing, one of the few technologies available for the observation of ground conditions 
worldwide. 

In our test site in the central Deccan Plateau region, cropping seasons known as the kharif and the rabi are generally recognized. 
During the rabi season, which begins in November and ends in March, cloud coverage remains comparatively low, allowing us to 
collect high-quality remote sensing data during each of the past several years. Throughout the project, we utilized data from the 
Indian Remote Sensing Satellite (IRS), which had four spectral bands ranging in wavelength between visible and near infrared. 

The procedure we developed for monitoring cultivated land use during each rabi season consisted of two steps. First, we calculated 
the normalized vegetation index (NDVI), the value of which reflects the strength of vegetation growth. During the rabi season, the 
green leaves of crops grew to cover a considerable percentage of the ground surface, generating NDVI values for cultivated land that 
measured much higher than those for grasslands, forests, or other types of land use. Consequently, NDVI values could be employed 
as adaptable indicators for discriminating between cultivated land and other types of land use. As a second step, we estimated 
temporal changes in the threshold values of NDVI for extracting cultivated land. This step was necessary because the date of satellite 
observation and, accordingly, the growth condition of crops proved somewhat inconsistent from year to year. 

Figure 1 shows the intensity of land use for cultivation in the rabi season during the period between 1988-1989 and 1995-1996, 
excluding the year 1991-1992 when IRS data was unavailable. Our observations show that the most heavily utilized areas were 
located near river courses and that intensity of use decreased toward the characteristically black soils of upper hills, which dominate 
the western half of the study area. This study also revealed a positive correlation between the area of cultivation in the rabi season 
and the amount of rainfall during the sowing period. The method developed in this study can be utilized for monitoring agricultural 
land use in areas where a regular cropping season is repeated annually. 

(S. Uchida) 
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ENVIRONMENTAL RESOURCES DIVISION TOPIC 2 

Using Remote Sensing to Monitor Land Use in Semi-Arid Tropical India 



Figure 1. Remote sensing map showing the frequency of cultivation (one to seven times) in the rabi season between 1988 and 1996, 
excluding the period 1991-92. 


Back to 


Division Topic #2 : Using Remote Sensing to Monitor Land Use in Semi-Arid Tropical India. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1997/divisions/erdiv2-f1 .htm [10/7/2002 9:38:35 PM] 









TOPIC 3 



ENVIRONMENTAL RESOURCES DIVISION TOPIC 3 

Nitrous Oxide Emission from Fertilized Upland Fields in Thailand 


Nitrous oxide (N 2 o) has garnered considerable attention, due to its potential for environmental disruption as an agricultural 
byproduct. N 2 O contributes to global warming and has also been linked to ozone destruction in the stratosphere. Considerable data 
concerning nitrous oxide emissions from natural and cultivated soils already exists, but most measurements have been made in the 
temperate zone. There has been insufficient research conducted in the tropics, especially in tropical Asia, despite the critical 
importance of N 2 O emissions from these regions. This project aims to further our understanding of N 2 O emissions from fertilized 
upland fields in Thailand. 

We measured nitrous oxide emissions from upland soils over the course of one year, using closed chamber methods at four 
experimental sites in Thailand. Two sites were located in central Thailand, one in the north, and the other in the northeast. At each 
experimental site, we applied two treatments in triplicate, one with nitrogen fertilizer and the other without. Maize was cultivated in 
the experimental plots in accordance with methods common to each district. Gas was sampled eleven to fourteen times during the 
crop season and every month during the dry season. At each sampling, the soil cores were also taken on the ridge of the 
experimental plots at depths of 0-15 and 15-30 cm, then stored in a freezer until analyzed. Field-moist soil samples were extracted 

by with potassium chloride (KC1) to determine levels of ammonia (NH4 + ) and nitrate (NO 3 ' 

Figure 1 displays the results of this research project. Nitrous oxide flux increased just after fertilizer application at three 
experimental fields, excepting the Helds at Khon Kaen. The N0 3 concentration ta fte soils als0 afBr fertBization . It 

seems that the increased N2O flux and NO3" concentration derived from the application of nitrogen fertilizer by nitrification. At 
Khon Kaen the concentration of NH4 + decreased gradually after fertilization. However, the concentration of NO3- did not increase. 

It seemed that nitrification activity in surface soil was low. 

The average measured N 2 O flux from unfertilized plots through the crop season was 4.16±1.52 1 /4gN20-N/m 2 hr, 5.05±1.65 
l4gN20-N/m 2 hr, 5.25±1.68l4gN20-N/m 2 hr, 6.74±2.95l4gN20-N/m 2 hr, at Nakhon Sawan, Phra Phutthabat, Khon Kaen and Chiang 
Mai, respectively. We estimated that N 2 O emission from nitrogen fertilized field was 0.22-0.44 %, 0.19-0.38 %, 0.12-0.24 % and 
0.08-0.15% of the total nitrogen applied at the respective experimental sites. These values were calculated from the difference of 
emitted N 2 O between fertilized and unfertilized plots after fertilizer application. These estimated values for nitrogen loss as N 2 O do 
not differ significantly from temperate zone values estimated by other researchers. 

Our results demonstrate that rates of N 2 O emission to applied nitrogen were not significantly different between tropical and 
temperate zones. The average N 2 O flux in dry season was between 0.7 and 3.5 N20-NV4g m" 2 hr" 1 ' Average ^ ux ^ rom 
nitrogen-fertilized fields and from unfertilized fields was significantly different only at Khon Kaen. 

(T. Watanabe) 
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ENVIRONMENTAL RESOURCES DIVISION TOPIC 3 

Nitrous Oxide Emission from Fertilized Upland Fields in Thailand 



Figure 1. Changes in N 2 0 flux levels observed at selected upland fields in Thailand. 
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CROP PRODUCTION AND POSTHARVEST 
TECHNOLOGY DIVISION 


Although world population growth rates have declined steadily since 1970, the global population will continue to increase by ninety to one hundred 
million people annually for the next several years. Some 95 percent of this population growth will occur in developing regions, where food deficits are 
already severe. Clearly, population growth will provide the primary impetus behind growing demands for food. Yet food markets will also be 
influenced by shifts in the purchasing power of local consumers. As development proceeds, changing patterns of consumption may dramatically 
increase demand for greater varieties of vegetables, fruits, and meats. 

For these reasons, self-reliance in food, rather than complete economic self-sufficiency, will become an increasingly important objective in developing 
regions. There are no definitive models for achieving this goal. However, various methods exist for ensuring self-reliance within the particular natural 
and environmental constraints of each country. 

Photo : Villagers in the Cuu Long Delta region of Vietnam spread recently harvested rice to dry, under the sun . 

The Crop Production and Postharvest Technology Division promotes research projects on topics ranging from production and storage to the processing 
and marketing of agricultural products. Our research activities encompass a variety of disciplines including agronomy, plant protection (pest, disease, 
and weed control), agricultural mechanization, irrigation, drainage, cropping systems, food storage, postharvest technology, farm management and 
agricultural economics. 

Because the total area of arable land in the world is limited, we believe that sustainable production of agricultural products can be achieved only by 
raising overall productivity. While various technological problems must be resolved, productivity growth must be pursued in ways compatible with the 
preservation of the natural environment. Therefore, it is necessary to reduce as much as possible the amount of chemical inputs in agricultural 
endeavors. Instead, research should address the need for integrated pest management through biological control systems and better utilization of 
information. Topics requiring additional attention include ecological studies of insect pests and their natural enemies and the development of predictive 
methodologies for outbreaks of insects and diseases.. 

Far too often the problem of feeding the world's hungry is conceived in terms of producing sufficient food. Equally pressing problems related to 
preservation and distribution, issues which affect food products between harvest and consumption, are frequently neglected. Postproduction operations 
in agricultural and horticulture include a wide range of functions necessary for supplying good quality food, reducing transaction costs, and raising 
domestic welfare. It is necessary to stress postharvest studies of agricultural products, such as quality improvement, safety, the extension of shelf life, 
and the control of the presence of insects and microorganisms in foodstuffs. These constitute important objectives of this Division. 

Finally, sustainable production of agricultural commodities can only be supported by the development of sustainable markets. Technology for 
enhancing the value of agricultural products is being developed with the goal of increasing incentives for farmers to promote sustainable production. 
Economic studies are requisite in furthering the development of target countries. 

' Division Topic #1 : Case Study of Edible Insects in Enzaro Village, Kenya. 
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CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION TOPIC 1 

Case Study of Edible Insects in Enzaro Village, Kenya 


For generations, indigenous peoples have utilized insects as food resources. Although insects such as locusts, grasshoppers, weevils, and termites may 
compete with humans as crop pests, they are frequently harvested for use in traditional foods, especially in Africa. As potential sources of proteins, lipids, 
and other essential nutrients, edible insects may also play an important role in human nutrition. 

Field surveys and interviews with nine ethnic groups in Kenya have revealed that human consumption spans at least eight insect families representing six 
orders. Insects utilized for food in this region include Isoptera (termites), Orthoptera (locusts, grasshoppers, crickets), Coleoptera (beetles), Hymenoptera 
(honey bees), Lepidoptera (moths), and Diptera (lake flies). Most commonly eaten are termites, particularly in their winged reproductive phase, which are 
highly valued as food resources throughout Kenya. 

In Enzaro Village, a community in the Vihiga District of western Kenya, human consumption of insects concentrates on three termite species. Villagers can 
easily distinguish species and are familiar with the emergence patterns of termites. Microtermes sp., the most common edible insect in the district, exhibits 
circadian rhythms which induce emergence at roughly two o’clock in the afternoon following rain. Villagers know this behavior well and prepare for 
catching termites with various types of traps. 

Photo: A heavy blanket tray covering a termite emergence hole in Enzaro Village, Kenya . 

One method involves the construction of a cone-shaped or tent-like structure of sticks, branches, and leaves over active emergence holes. This structure is 
covered tightly with banana leaves or blankets, except for a small side opening facing the sun, to which flying termites will be attracted. A dugout hole is 
then plastered with moistened soil and lined with banana leaves. Termites drop through the opening and collect into the hole. In case of cold weather, 
villagers light a small fire nearby to warm the air, so that the emergence of termites will not be inhibited. In another method for trapping termites, villagers 
place a simple light source inside a bucket, line the bucket with slippery wet banana leaves, then place the bucket near an active mound. In urban areas, 
termites can be caught easily in water receptacles left under or near electric lights, which attract the insects at night. 

During the dry season, villagers must induce termites to emerge from their earthen nests in the early morning or afternoon. To do so, they blow smoke from 
burning roots, stems, and leaves of black jack or other wild plants into emergence holes while striking stones or beating a large piece of wood with sticks to 
create a slow rhythmic vibration. The sound produced may simulate heavy rainfall and appears quite effective in stimulating termites to emerge. 

When other food resources may be lacking, active termite mounds are identified and sprinkled with cold water, an action that stimulates worker termites to 
start forming emergence holes. Villagers then construct a complicated structure of circular clay pipes leading from emergence holes, with wet perforated 
leaves placed nearby to direct flying termites towards collection receptacles. Several informants reported that beating wood with sticks near the termite 
mounds triggered certain species to emerge. Similar techniques have been reported in Uganda. 

Enzaro Village boasts several methods for preparing termites to be eaten. It is most common to fry them lightly in their own fat over a low heat, sometimes 
with the wings removed and with a dash of salt. Fried winged termites are tastiest after being dried in the sun and can be preserved for a rather long period 
of time. In some areas, termites are used as marriage gifts. Raw termites are also frequently eaten. In some areas of western Kenya, sun-dried termites are 
packed in containers for sale in the local markets during the rainy season and may even find their way to urban markets in large East African cities, such as 
Kisumu, Kampala, and Nairobi. 

Photo: Termites sold at an open market in Kampala, Uganda. 
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Our survey of Enzaro Primary School children from November, 1995, through February, 1996, showed that all twenty-one children in the first grade ate 
termites at least once per week. Nutritional chemical analysis showed that dried termites collected in Enzano Village contained 40 percent fat, about 20 
percent carbohydrate, and more than 10 percent protein. These results suggest that termites play an important role in the Vihiga District, especially during 
the rainy season, when there are shortages in maize or sorghum supplies. We concluded that termites provide an especially valuable food source for 
children and pregnant women who require a high calorie diet and nutritious food. 

Photo: A child enjoys a snack of termites in Enzaro Village, Kenya . 

Research conducted in collaboration with the International Center for Insect Physiology and Ecology (ICIPE) and Kenyatta University should be further 
promoted to raise awareness of the importance of insects as a good, inexpensive source of lipids and animal protein. We may castigate insects as unpleasant 
creatures when we lack a full realization of the many benefits they bring to human beings, not all of which are properly exploited. Developing farming 
methods for production of edible insects and establishing an edible insect agro-industry to process and package different insect species would improve their 
marketability and create future socio-economic benefits for the people of East Africa. 


(S. Yagi) 
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CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION TOPIC 2 

Monsoon-Dependent Long-Range Migrations of Rice Planthoppers in East Asia 


Two species of rice planthoppers are found throughout rice-growing areas of Asia. Nilaparvata lugens, commonly known as the brown planthopper (BPH), 
and Sogatella furcifera, or white-backed planthopper (WBPH) feed only on the Oryza sativa species of rice. 

In Japan, these planthoppers have long been known as destructive rice pests, and famines caused by planthopper plagues have been recorded throughout 
history. For many years, however, it remained unclear whether planthoppers are indigenous to and winter in Japan or migrate annually to Japan from across 
the sea. The controversy was solved only in 1967, when a Japanese weather ship encountered a swarm of planthoppers in the western Pacific Ocean. Since 
that time, many aspects of planthopper migration and associated meteorological phenomena have been investigated. Scientists now widely accept that rice 
planthoppers cannot winter in temperate areas of East Asia, but instead repeat migrations from tropical to temperate rice areas every year. 

Between 1983 and 1987, a national research project on the long-distance migration of insect pests was conducted in Japan. This project examined 
relationships between the known migratory patterns of rice planthoppers and the early summer monsoon rains, known as the baiu phenomena. The results did 
not allow for clear forecasting of overseas planthopper migrations. 

As a result, JIRCAS and the Chinese Ministry of Agriculture agreed to conduct a collaborative research project entitled “Long range migration of rice insect 
pests in monsoonal East Asia” at the China National Rice Research Institute between 1992 and 1997. The project has attempted to trace the basic patterns of 
planthopper migration from source areas to Japan, and then to relate these patterns to rice cropping systems and weather changes in East Asia. 

We used comparative studies of brown planthopper (BPH) biotypes to determine source areas from which planthoppers migrate to temperate East Asia. For 
example, planthopper populations in Japan and China consist of BPH biotypes 1 and 2 at a ratio of about one to two. Similar populations are distributed only 
in the Red River Delta and adjacent coastal areas of North Vietnam. In contrast, BPH biotypes in southern Vietnam, Cambodia, Thailand, and other 
Southeast Asian countries proved to be distinct from those in northern Vietnam, China and Japan. 

These findings led us to conclude that migratory planthoppers originate in the northern part of Vietnam. Following the 19° C January isotherm, the Red River 
Delta marks the northern limit of year-round breeding habitats for planthoppers. Moreover, the region constitutes the largest area in northern Indochina under 
rice cultivation. Well-synchronized rice double-cropping is practiced, allowing planthoppers to repeat a perennial life cycle on two rice crops. 

The overseas migration zone for planthoppers ranges between 15° N and 40° N latitude and 105° E to 140° E longitude, covering almost all irrigated rice 
areas in East Asia. Northward expansion of rice planting areas in the spring and summer provides vast resources to planthoppers far to the north of their 
perennial breeding habitats. Shifting rice cropping seasons and highly seasonal monsoon climates play critical roles in the migration and distribution of 
planthoppers in this typical insect migration zone. Migration surges of planthoppers usually occur in southwest monsoons accelerated by frontal depressions. 

We determined that planthopper migrations from northern Vietnam to Japan can be divided into a two-staged habitat displacement (Figure 1) . In the first 
stage, planthoppers migrate from winter-spring rice fields in northern Vietnam to early rice maturing in southern China between April and May. As 
winter-spring rice in Vietnam is transplanted from January through February, increasing planthopper populations thrive on it from March into April. Newly 
emerged macropterous adults then emigrate from April to May. 

During this period, the front between the retreating Continental High and the warm, humid tropical air mass tends to remain stationary over southern China. 
This situation mediates the first stage of planthopper migration. Southwest monsoons strengthened by frontal depressions displace planthoppers from the 
winter-spring rice in northern Vietnam, pushing them toward the early rice in southern China. Air masses at 850 kPa of pressure follow trajectories leading 
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from northern Vietnam to southern China within 48 hours, while backward trajectories from southeastern regions in southern China also reach the Red River 
Delta region. 

Early rice in southern China is usually transplanted in April, between two and three months later than winter-spring rice in northern Vietnam. Thus, early rice 
in southern China offers a fresh habitat to planthoppers recently transported from northern Vietnam. These planthoppers reproduce one to two generations on 
the early rice, and their population densities grow quickly from mid-June to mid-July. 

In the second stage of habitat displacement, planthoppers migrate from the early rice in southern China to the summer rice in Japan between June and July. 
This migration follows a change in the weather front from southern to central China. This shift occurs when the mid-latitude westerly moves from the 
southern to northern side of the Tibetan Plateau and forms a stationary baiu front over central China and Japan. During the bain season, the southwest 
monsoon bursts into central China and Japan. Migrations of rice planthoppers to Japan occur in association with a low-level jet stream (LLJ), a strong wind 
core that appears in the lower troposphere in the warm sector of depressions on the baiu front, producing defined surges over the East China Sea. The most 
active planthopper migrations take place on LLJs between late June and early July 

The jet streams which transport planthoppers to Japan extend to Fujian, Jiangxi and Guangdong Provinces in southern China within 36-48 hours of 
back-tracking. Emigrants from the early rice in southern China are carried downwind toward the frontal zone in central China, and a group of them is 
transported beyond the East China Sea as far as Japan (Figure 2) . 

We found a specific synoptic pattern facilitating the overseas migration of planthoppers from southern China to Japan. The pattern consists of a subtropical 
high pressure system developing in the western Pacific Ocean, the stationary baiu front running from 32° N to 35° N latitude across the East China Sea, and 
the depressions which generate LLJs and move eastward along the front. This pattern may be described as an overseas transporting synoptic weather pattern 
(OTSWP), under which simultaneous migrations of planthoppers both to central China and to Japan are brought about by eastward-moving frontal 
depressions. In central China and Japan, summer rice is usually transplanted in June, about two to two and one-half months later than early rice in southern 
China. This newly transplanted summer rice provides suitable habitat for planthoppers migrating from early rice cropping regions. 

The exploitation of fresh resources confers a temporary adaptation to habitat-shifting northeastward migrations of rice planthoppers. However, without return 
migrations before winter, the offspring of migrants which invaded the temperate regions are destined to perish during the harsh winters. In eastern China, the 
prevalent wind direction veers from southwest to northeast in autumn, making a return migration plausible. However, return migrations from Japan are 
impossible because the northwest winds prevailing in autumn force planthoppers into the Pacific Ocean. Thus, migrations to Japan suggest a 
follow-the-leader pattern with no adaptive significance. 

The habitat-shifting concept described above allows for enhanced forecasting of planthopper migrations and subsequent outbreaks in the East Asian insect 
migration zone (IMZ). The distribution of planthoppers expands swiftly from localized source habitats in northern Vietnam throughout the IMZ by way 
massive habitat-shifting migrations along the southwest monsoons. Consequently, our ability to predict planthopper migrations hinge largely on wintering 
conditions in the source area and the dynamics of monsoon climates in the IMZ. Under such conditions, international cooperation to cope with planthopper 
migrations appears essential. 


(K. Sogawa and A. Takahashi) 
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Figure 1. Schematic illustration of two-staged migrations by rice planthoppers from winter-spring rice fields in northern Vietnam 
to summer rice fields in Japan via early rice fields in southern China. 
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Figure 2. Trajectory analysis of wind-borne planthopper migrations from South China to Japan, July 1-4, 1991. 
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Serological Diagnosis of Citrus Greening Disease 


Citrus greening disease occurs in the African and Asian tropics and constitutes one of the most destructive diseases affecting citrus trees. One pathogen of 
the disease is a bacterium restricted to the phloem of infected plants. These organisms are called bacterium-like organisms (BLOs) or greening organisms 
(GOs) and are transmitted by two psyllid vectors, Diaphorina citri in Asia and Trioza erytreae in Africa. The scientific names of Liberobacter africanum 
and Liberobacter asiaticum were proposed for the African and Asian isolates of GOs in 1994. 

Although PCR diagnosis of citrus greening disease has been developed, serological methods may offer simple diagnoses that are more cost effective. 
Several attempts in this direction have been reported in recent years. Whitlock and Chippindall (1993) produced an antiserum against an extract of greening 
infected citrus material in South Africa. However, the antiserum reacted with a disease shock protein common to all the diseases. C. Ke et al (1993) 
produced a polyclonal ascite antiserum against a partially purified periwinkle material infected with the huanglungbin strain of GO in Taiwan. However, 
the titer of the antiserum was low and interference from non-specific reactions were obvious. 

Our research produced an antiserum against a partially purified periwinkle material infected with the Nakhon-Pathum isolate of GO found in Thailand. We 
tried to remove the pathogen related protein (a disease shock protein described by Whitlock and Chippindall) and to prepare the citrus antigen for 
serological tests in as high a concentration as possible. Serological diagnosis with a microprecipitin test was developed for greening disease. 

To produce an antiserum, phloem tissues of infected periwinkle leaves with yellowing symptoms were separated in extraction solution after digestion of the 
diseased midribs in enzyme solution for one night. The phloem tissues were washed five times in extraction solution, and homogenized in 5 ml of the 
extraction solution. Partially purified GOs were obtained by suspending final pellets after one cycle of centrifugation of the homogenate of the phloem 
tissues. The suspension was dialyzed in 4% glutaraldehyde in extraction solution for one night, and then dialyzed in the extraction solution for one day and 
night. Supernatant was carefully collected after low-speed centrifugation using a 20% sucrose cushion at high speed. The pellet was re-suspended in 
500-1000%! of the 0.85% NaCl solution. Preparations for the antiserum were obtained three weeks after six injections into rabbits of the emulsion of the 
partially purified GOs suspension and Freund’s incomplete adjuvant. 

To prepare the citrus antigen for microprecipitin testing, phloem tissues were separated after digestion of the diseased midribs in enzyme solution. Partially 
purified GOs concentrated up to 40 times the midrib weight were obtained from final pellets after one cycle of centrifugation of homogenate of the phloem 
tissues. 

A microprecipitin test was conducted by adding one drop (5!41) of the partially purified GO to one drop of the GO antiserum without mixing drops. Clear 
plus reactions were observed as strong aggregations with translucent parts around central aggregates in the reactant drop of the infected citrus and the 
antiserum (Figure 1) . The plus reaction could be found in the mixture with diseased citrus at least at a dilution level of 16 times that of the antiserum, but 
could not be found in the mixture with the healthy citrus or with the citrus extract infected with attenuated citrus tristeza virus that contained pathogen 
related proteins. 

Serological diagnosis with microprecipitin testing was established for greening disease by preparing the extract of phloem tissues concentrated up to 40 
times the midrib weight. Midribs of about 50 leaves of candidate citrus are convenient to use and can be stored at -80° C until testing. 


(Y. Ohtsu) 
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Figure 1. Microprecipitin tests of the Thai isolate of greening organisms in citrus plants showing healthy extracts of citrus phloem 
(HC) and diseased extracts of citrus phloem (DC) in dilutions of antiserum against GO (xl-xl6). 
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Evaluation Methods to Quantify Mechanical Properties of Collapsible Soils 


Soils subjected to compressive deformation due to wetting, or saturation collapse, under natural conditions are referred to as collapsible soils. As 
compressive deformation in collapsible soils is comparatively large, damage to structures from saturation collapse may prove quite serious. One type of 
collapsible soil, known as loess, covers about eleven percent of total land area in the world. Loess consists primarily of silt or fine sand particles 
transported and loosely deposited by wind. In northeastern Thailand, for example, most surface soils are loosely deposited sediments of sandstones and 
siltstones which exhibit the features of collapsible soils. 

This research project examined the mechanical properties of collapsible soils, also called yellow soils, sampled from Khon Kaen city in northeastern 
Thailand and targeted the development of improved methods for estimating these properties based on field observations. Such methods are of fundamental 
importance to the future design and construction of irrigation facilities. 

The red squares in Figure 1 reveal results from a series of oedometer tests, in which soil samples measuring 6 cm in diameter and 2 cm in height were 
compressed within a ridged ring by increasing vertical loads. Under these conditions, soil samples could deform only vertically, permitting measurements 
of vertical displacement and vertical load. Values of x and y for each sample express the vertical stress and the void ratio, or the ratio between pore volume 
and the volume of soil particles. Small void ratio values indicate relatively large reductions in volume, otherwise known as compressive deformation. 

Our experimental data reveal that increasing volume reduction in soil samples occurs with increasing vertical stress. Adding water to our sample at vertical 
stress = 320 kPa produced a markedly increased reduction in volume, indicating the presence of saturation collapse at this point. Simulation was conducted 
using a consolidation analysis method with a generalized elastoplastic model for unsaturated soils, which had been suggested to us for estimating the 
properties of collapsible soils. The results, shown as a solid blue line, remain consistent with our experimental data. Collapse behavior can also be easily 
simulated. 

Saturation collapse behavior is one of the typical properties of unsaturated soils and has remained a difficult problem in the field of soil mechanics. With 
further development, our research on saturation collapse should allow us to estimate real problems, including the failure of natural slopes following heavy 
rainfall and the complex behavior of dams during reservoir filling. 


(Y. Kohgo) 
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Figure 1. Results of oedometer test demonstrating the relation between vertical stress and void ratios in collapsible soils. In this 
experiment, saturation collapse occurred at stress levels of320kPa. 
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Improving Rice Cropping Techniques in the Mekong Delta, Vietnam 


The Mekong Delta covers an area of 5.9 million hectares, of which two-thirds are located in Vietnam. This region possesses climatic conditions highly 
favorable to agricultural development. According to the Cantho Meteorological Station, annual temperatures average 26.6° C, precipitation reaches 1,632 
mm, and roughly 2,592 hours of sunshine fall on fields during an average year. Despite these conditions, agricultural productivity had remained stagnant 
for many years, primarily due to an uninterrupted series of wars affecting the country from its independence in 1954 through the early 1980s. 

Since 1986, the doi moi policy has encouraged “farming system” approaches to agricultural development in the region. The policy promotes activities 
such as rural infrastructure improvement through the excavation of canals, the construction of dikes for water control, the introduction and breeding of 
high-yielding crop varieties resistant to diseases and insects, and the improvement and extension of direct seeding techniques for rice. In response to the 
market stimuli permitted in recent years, land reclamation has increased total cropping area, and the growth of double or triple rice cropping methods, 
together with higher yields in newly hybridized varieties, has resulted in rapid growth both in productivity and in total rice production. 

In this collaborative project with Cuu Long Rice Research Institute (CLRRI) of Vietnam, we tested two rice varieties, OMCS94 and IR64, and several 
rice cropping techniques in an effort to promote higher yields per hectare. The effects of nitrogen application on yield components are shown in Figure 1 . 
The highest yields were obtained in Plot Three, which received 40 kg of nitrogen in the first week after sowing and at the booting stage, which occurred 
during the eighth week for OMCS94 and one week later for IR64. Our observations revealed that the number of grains increased and ripening ability 
remained relatively high with the application of nitrogen at the booting stage. Obviously, nitrogen recovery was improved by this application method. 

In contrast, the nutrients were spent for excess growth of stems and leaves and did not affect the increase of grains in Plots One and Two, which received 
40 kg nitrogen only before the booting stage. In tests with heavy manuring, such as Plot Five hosting both varieties and Plot Six hosting OMCS94, rice 
plants experienced early lodging and gave low yields. These results suggest the need to reconsider the use of top dressing in early stages, given the fertile 
clay soils of the Mekong Delta. 

The validity of techniques for controlling growth through the application of nitrogen is accepted throughout the Mekong Delta. Therefore, adjusting 
fertilizer application to achieve growth regulation and higher efficiencies in nitrogen utilization would result in high, stable yields to input and would 
minimize adverse effects on local ecosystems. Additional contributions to the development of low-input sustainable rice production in the Mekong Delta 
may come from other studies currently underway, such as initiatives to prevent lodging in directly seeded rice through improved water management or 
efforts to better control the growth and yield components of rice based on knowledge from leaf color measurements. 


(T. Kon) 
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Figure 1. Yield components for rice varieties OMCS94 and IR64 in response to various fertilizer application methods during 
the1996-97 dry season at CLRRI. Symbols 1 through 6 denote experimental plot numbers. 
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Structural Changes in Vietnamese Agricultural under the Doi Moi Policy 


In 1986, the Vietnamese Communist Party forged a new national policy, called Doi Moi, to promote comprehensive socioeconomic revitalization. As a part 
of this effort, Politburo Resolution Number Ten implemented reforms in the agricultural sector beginning in 1988. Reforms proved immediately successful in 
boosting agricultural growth rates. Since 1989, Vietnam has not only produced enough paddy rice to meet domestic consumption, but has also produced 
surplus for export. 

The success of the doi moi policy may be attributed to several factors. First, Resolution Number Ten undermined the dominance of inefficient agricultural 
cooperatives by confirming farm households as completely autonomous economic units. Moreover, the resolution mandated that land held by the 
cooperatives be assigned to individual farm households for long-term periods of use. The resolution further recognized the farmers’ private ownership rights 
to essential means of production other than land. And finally, the policy conferred upon farmers the right to enjoy profits from their activities on assigned 
fields after the deduction of taxes and contributions to cooperatives. 

Photo : In recent years, rural development projects in Vietnam’s Mekong Delta have focused on poverty alleviation. In Hoa An village, 180 landless households received 1500 m 2 of 
home and garden lands and 2.2 million dong to provide for stock in 1997. 

Despite remarkable achievements in agricultural production, potential problems in rural land relations have also emerged since the introduction of the doi 
moi reforms. The contractual mode initially used to divide land under Resolution Number Ten assigned small plots to each household in ways that have 
proven unsustainable. Poor farm households with little farm management experience and no capital received “equivalent land plots per labor power” as 
wealthy farm households with extensive experience and capital resources. Many poor farmers could not retain their assigned lands and, as a result, were 
forced by the circumstances to deliver the lands to their wealthier neighbors. 

This process has strengthened emerging patterns of differentiation among farmers and encouraged the development of commercial agricultural production. 
However, it has also generated a rapid increase in the number of households earning their living by working for hire. Work for hire, which now characterizes 
a large proportion of households in rural areas, is associated with problems of landlessness that are leading to renewed income disparity in rural areas. 

Of further concern, rural incomes have generally lagged behind urban incomes. This problem may derive from several factors, including the shortage of rural 
infrastructure and the insufficiency of facilities for agricultural product processing, the shortage of working capital for farmers, and continuing disorder in 
agricultural extension systems under the doi moi policy. Nevertheless, income disparities are important social issues which will require great attention if 
social stability is to be ensured. 

One solution to these problems may rest on efforts to reestablish influential farmer organizations. Such organizations have been lacking since the demise of 
agricultural cooperatives. 


(R. Yamazaki) 
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In developing countries, domesticated animals contribute to the betterment of people’s lives. Animals not only produce meat, milk, and hide, 
which are essential in daily life and are an important source of income, but also generate draft power for tillage and transportation and produce 
wastes for use as fertilizer and fuel. Despite these benefits, livestock production remains at low levels throughout the developing world due to 
constraints such as low genetic potentials, poor quality feeds, disease prevalence, harsh climatic conditions, and management inexperience. 

The Animal Production and Grassland Division carries out research aimed at achieving sustainable increases in animal production without 
generating adverse environmental consequences. In order to reach this goal, the Division seeks to enhance the productive capacity of natural 
resources, manage grasslands to secure feed resources, enhance the utilization of agro-industrial by-products, control invasive animal diseases, 
and improve management practices in developing regions of the world. 

During FY 1997, two collaborative research projects moved toward successful conclusion. One involved cooperation between Division 
researchers and scientists from the International Livestock Research Institute (ILRI) on immuno-histological studies aimed at developing a 
vaccine against the East Coast Fever commonly found among livestock in Kenya. The second project involved the long-term dispatch of 
Division personnel to Cantho University in Vietnam, where a research team has been examining improved methods for animal production under 
combined farming systems that integrate agriculture, animal husbandry, and fisheries in the Mekong Delta area. Although the long-term 
research position has ended, the Division will continue to dispatch researchers to Vietnam on a short-term basis. 

Photo : Hornless Boran cattle grazing in East African pastures owned by the International Livestock Research Institute (ILRI). 

In addition to these projects, four long-term international research projects lasting from two to five years are currently underway. Division 
researchers are working with the Thai Department of Livestock Development (DLD) to improve cattle production with feed resources available 
in northeastern Thailand. In Malaysia, a cooperative agreement with the Malaysian Agricultural Research and Development Institute (MARDI) 
seeks to improve local methods for raising small livestock. Sustainable management and utilization of grasslands marks the theme of 
cooperative research on agro-pasotral systems being carried out with the National Center for Research on Beef Cattle (CNPGC-EMBRAPA) in 
Brazil. Finally, a new collaborative effort with the ILRI has begun to investigate the role of the TNF-± gene in trypanosomiasis. This project 
replaces the immuno-histological study of East Coast Fever, which ended during this Fiscal Year. 

In addition to long-term projects, the following studies were carried out by researchers on short-term assignments of one to three months: 1) 
studies on the nutritive requirement of tropical ruminant in Thailand with the Khon Kaen Animal Nutrition Research Center and the DLD; 2) 
studies with Cantho University in Vietnam on environmental pollution caused by hog production under the farming systems in Mekong Delta; 

3) collection and classification of parasitic protozoa in swine in Mekong Delta, also in collaboration with Cantho University; 4) research with 
MARDI on the influence of large-scale duck operations on water pollution levels in ponds and their surroundings in Malaysia; 4) an evaluation 
of the feed value of com stalk and agricultural by-products with the Chinese Agricultural University in northern China; 5) genetic analysis of 
the cattle tolerance to Trypanosomiasis conducted with the ILRI in Kenya; 6) studies on the relationship between the fertility and grassland 
vegetation in the steppe soils of Central Asia with the Kazakh Institute of Agriculture (KIA); 7) an examination of seed-pellet seeding methods 
for the improvement of settlement in grassland vegetation in Central Asia, also conducted with the KIA; 8) identification of endophytic fungi in 
pasture plants in South America with Colombia’s CIAT; 9) and studies of methods for sustaining mixed pasture plants in South American 
savanna, also in collaboration with CIAT. 

The Division receives numerous requests from developing countries to pursue collaborative research, primarily concerning the incorporation of 
biotechnological applications and enhancement of overall levels of research. In order to address such needs, the Division has begun promoting 
basic research on JIRCAS’s Tsukuba premises in support of overseas activities. At present, a project on the identification of endophytic fungi in 
pasture plants in tropical regions and their utilization in plants via biotechnological methods constitutes the focus of domestic research. 
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Immunohistological Analysis of the Attachment Sites of Rhipicephalux 
appendicuratus Ticks Infected with Theileria parva 


Theileria parva, the protozoan that causes East Coast Fever (ECF) in African cattle, is transmitted by the brown ear tick Rliipicephalus 
appendiculatus. Inoculation of T. parva sporozoites occurs over a period of time commencing several days after infected ticks attach 
themselves to cattle, by which time a pronounced inflammatory reaction becomes evident in cattle previously exposed to ticks. The precise 
location at which sporozoites invade lymphocytes is not known, and the immune cell populations contributing to the reactions at tick 
attachment sites have not been characterized. Nevertheless, as early interactions between parasites and the immune system have considerable 
bearing on the success of sporozoite neutralization, a better understanding of the environment into which sporozoites are delivered would 
contribute greatly to the development of optimal vaccination strategies. 

To enhance our understanding of early events associated with T. parva infection in vivo, we investigated the distribution of immune cell 
subsets at tick attachment sites through immunohistochemical analyses of cattle. We took skin-punch biopsies from Boran calves at various 
times after their infection with T. parva. Frozen sections were then cut and stained using monoclonal antibodies against bovine leukocyte 
surface antigens, the results of which are indicated in Table 1 . 

Table 2 details immune cell populations at the attachment sites of ticks carrying T. parva sporozoites on Boran calves previously immunized 
against ticks. Before infestation (day zero), Fangerhans cells in the epidermis and dermal dendritic cells stained positively for class two major 
histocompatibility complex (MHC). No CD1+ and CDllb+ cells were present in the epidermis, although small numbers of other T 
lymphocytes, including CD4+, CD8+, and WC1+ T cells, were detected. Cell clusters containing CD4+, CD8 + , and WC1+ T cells with CD1+ 
dendritic cells and both CD1 lb+ and WC6+ cells were observed in the papillary dermis. 

After infestation, we observed inflammatory reactions near the tick attachment sites. Increasing numbers of CD4+, CD8+, and WC1 + T cells 
and increasing skin thickness were also observed. WC1+ T cells were present in larger numbers than were CD4+ and CD8+ T cells. These 
cells were localized at the superficial dermal layer after the second day. Infiltration of lymphocytes and granulocytes was observed deeper in 
the dermis after the fourth day. CD4+ T cells were present in the dermis in larger numbers than CD8+ T cells, while CD8+ T cells infiltrated 
the epidermis in larger numbers than did CD4+ T cells. Class IIMHC+ cells infiltrated the dermis in large numbers, with almost all bearing 
CD1 lb+. Both CD1+ dendritic cells and cells expressing CD1 lb + were observed in the epidermis after day four. 

After the sixth day, we observed intense staining of WC1, class II MHC and CD1 lb both in the dermis and epidermis. Severe inflammatory 
edema and infiltration of all subsets of lymphocytes, as well as dendritic cells, were observed after one week. 

The precise function of such large numbers of lymphocytes in cattle is not known. These cells seem to play a role in inflammatory reactions 
and tissue degeneration at the attachment site of R. appendiculatus. CD8+ T cells appear to infiltrate the epidermis more readily than do CD4+ 
T cells, despite being present in lesser numbers in the dermis. Sub-populations of dendritic cells in the skin of cattle are not well 
characterized. CD1+ dendritic cells do not contribute a significant proportion of the dermal infiltrate, although, in contrast to the CD1 lb+ 
population, these cells enter the epidermis easily. CD1+ dendritic cells may be a sub-population of WC6+ dendritic cells. Clarification of this 
issue will require further investigation through the double-staining of specific markers. These findings may also be useful for understanding 
immune reactions of the skin in other tick-borne disease. 


(Y. Matsubara) 
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Immunohistological Analysis of the Attachment Sites of Rhipicephalux appendicuratus Ticks 
Infected with Theileria parva 

Table 1. Tissue distribution and functions of bovine leukocyte cell surface antigens. 


ANTIGEN 

| CLONE 

PRIMARY DISTRIBUTION 

FUNCTION | 

[cm 

|TH97A 

DC, Cort. Thy 

|Ag presentation 

|CD4 

|IL-A12 

|Thy, T-sub (helper) 

Adhesion, signaling 

[CD8 

|IL-A105 

1 Thy, T-sub (cytotoxic) 

Adhesion, signaling 

|CDllb 

|IL-A15 

1 Mono, Granulo 

1 Adhesion, CR3± chain 

|WC1 

|CC15 

Thy, T-sub ( 3 0 

1 Receptor? 

WC6 

IL-A53 

DC, Thy, T-sub, B 

CD45? 

| Class IIMHC 

pi - 

DC, Mono, Macro, B 

Ag presentation 

[igM 

|IL-A30 

[b 

Ag receptor 
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Immunohistological Analysis of the Attachment Sites of Rhipicephalux appendicuratus Ticks 
Infected with Theileria parva 


Table 2. Immune cell populations in tick-immune Boran calves at the attachment sites o/Rhipicephalus appendiculatus ticks 
infected with Theileria parva. 
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In situ Hybridization to Detect Bovine Cytokine mRNAs Involved in Protozoan Disease 


Cytokines are a family of regulatory protein molecules responsible for communication between cells in the immune system. In the case of infectious 
diseases, cytokines mediate protective immunity as well as pathophysiology. As their reaction cascades form complex networks, it is believed that 
variable cytokine expression may strongly influence pathophysiological conditions. The examination of both local and systemic cytokine expression 
profiles, therefore, may prove to be of primary importance in developing diagnostic and protective procedures against protozoan diseases that affect 
livestock. 

Recent research has demonstrated the critical role that cytokines can play in the pathogenesis and control of infections. Their ability to function as 
adjuvants in facilitating the activation of immune responses may allow cytokines to counteract the suppression of immune systems that is symptomatic 
of the worst protozoan diseases. For example, it is believed that TNF-±, a cytokine which shows anti-parasitic effects in cattle infected with 
trypanosomiasis, is also responsible for the physical wasting and malnutrition, or cachexia, associated with the disease. Similarly, in cell lines infected 
with Theileria parva, the protozoan parasite responsible for deadly East Coast Fever in African cattle, RT-PCR analysis has revealed the consistent 
expression of mRNA for the interleukin IL-10, an immunosuppressant affecting cellular immunity. Utilizing cytokines may allow scientists to maintain 
the proper functioning of livestock immune systems while battling these protozoan infections. 

Accordingly, the International Livestock Research Institute (ILRI) has heightened its efforts to develop recombinant sub-unit vaccines in combination 
with several cytokines in order to combat theileriosis. One goal of this initiative has been to establish in situ hybridization techniques for the detection of 
bovine cytokine mRNAs at the cytological level, which will contribute to a better understanding of local immune responses. 

Our research employed an in situ hybridization protocol using non-radioactively labeled RNA probes to detect bovine cytokine mRNAs, including TNF- 
±, IFN- 3 , and the interleukins IL-2, IL-4, IL-6, IL-10, and IL-12p35, in cytospin preparations. We first prepared bovine peripheral blood mononuclear 
cells (PBMC) under the Ficoll-paque method and cultured them with concanavalin A (Con A) for three days, then cyto-centrifuged Con A-stimulated 
PBMC onto silane-coated slides for inspection. The results of these pre-hybridization treatments, which are intended to increase the efficiency of 
hybridization and decrease non-specific backgrounds, are summarized in Table 1 . 

We found that optimal types of pretreatment differed among the several cytokines selected for analysis. Only treatment with Triton X-100 proved 
consistently effective in detecting the presence of IL-4 and IL-12p35. We also observed that treatment with hydrochloric acid (HC1) helped to decrease 
background staining and that, an acetylation step following pretreatment helped to reduce non-specific backgrounds. 

Investigations of cattle infected with trypanosoma demonstrated that one typical symptom is a dramatic increase in the level of CD5+ B cells present in 
peripheral blood and the spleen. These CD5 + B cells express CD1 lb. Our RT-PCR analysis further revealed increases in the levels of IL-10 mRNA in 
the blood, lymph node and spleen of infected cattle. In situ hybridization showed that CD1 lb + B cells expressed IL-10 mRNA in normal cattle(Figure 
la) , but that CD1 lb - B cells did not (Figure lb) . Thus, it appears that CD1 lb + B cells contribute to increasing levels of IL-10 characteristic of 
trypanosomiasis. 

We also investigated the patterns of cytokines expressed by seven T. parva -infected lymphoblast cell lines using in situ hybridization. Our observations 
suggested considerable variation in cytokine profiles among the lines. IL-2 and IL-10 were universally expressed, and an IL-2 receptor (IL-2R)±chain 
was immunohistochemically detected in all cell lines. These findings suggest that an IL-2/IL-2R autocrine loop may contribute to the proliferation lines 
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infected with T. parva. Additionally, it is tempting to speculate that the expression of IL-10 by lymphocytes infected with T. parva may be associated 
with the pathogenesis of East Coast fever in naive animals, because IL-10 can dampen the T-cell response in bovines which is responsible for killing 
parasitized cells. 

On a larger scale, in situ hybridization to detect bovine cytokine mRNAs may be useful for analyzing immune responses not only in protozoan diseases 
but also in other infectious diseases. The aforementioned cytokines and the RNA probes (TNF- 2 , IFN-±, IL-1±, IL-1 2 , IL-3, IL-5, IL-7, IL-12p40 and 
IL-15) utilized in this study were provided by ILRI. 


(Y. Matsubara) 
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In situ Hybridization to Detect Bovine Cytokine mRNAs Involved in Protozoan Disease 

Table 1 . Assessments of pre-hybridization treatments for the detection of bovine cytokine mRNAs on Con A-stimulated PBMC. 
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In situ Hybridization to Detect Bovine Cytokine mRNAs Involved in Protozoan Disease 



Figure la. Expression ofIL-lOmRNA observed in CDllb positive B cells. 
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In situ Hybridization to Detect Bovine Cytokine mRNAs Involved in Protozoan Disease 



Figure lb. Expression ofIL-lOmRNA not observed in Cdllb negative B cells. 
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As increasing demands for food compel farmers to exploit ever greater levels of arable land, natural forest cover has declined 
sharply, particularly in developing areas of the world. In turn, forest degradation has generated serious economic and environmental 
problems, not only at local levels but also on a global scale. Providing for rehabilitation and sustainable management of forest areas 
therefore remains an urgent issue, and improving forest production systems and post harvest technologies in local communities can 
be viewed as an essential means of stanching forest decline. 

The Forestry Division conducts a wide range of research in developing countries, addressing issues from production to end-use. 
Projects undertaken by the Division generally fall under one of two categories, consisting of silvicultural and forest management 
technologies and processing technologies for forest products. These projects involve our researchers in disciplines such as 
silviculture, plant ecology and eco-physiology, soil science, entomology, mycology, forest mechanization, socio-economics, and 
wood technology. 

Enrichment and rehabilitation of degraded forests are the first steps in the development of sustainable management in forest 
reserves. In an effort to make these initial goals attainable, the Forestry Division has concentrated its research on developing 
relevant technologies in silviculture, site evaluation and pest control, while paying due consideration to natural environmental 
conditions. 

Photo : Teak trees after one year of growth at a reforested plantation in Gurun, Kedah State, Malaysia . 

At the same time, the Division has recently initiated studies on species behavior, systems for natural forest regeneration, enrichment 
planting methods, and harvesting systems. These are designed to support sustainable production of forest products, which constitute 
a principal trading commodity in thirty three developing countries around the world. If achieved, sustainable production will help to 
stabilize levels of exploitation, both in natural forests and plantations. 

Finally, the Forestry Division has focused research on problems of shifting cultivation, which remains a leading cause of forest 
degradation in some areas. Such problems require the development of forest production and planning systems for stimulating local 
economies. As rapid deforestation continues, the disappearance of various lesser-known tree species and the loss of potential 
forestry products associated with them also grows. For these reasons, the Division believes that evaluative studies are urgently 
needed, while efforts to upgrade wood processing technologies currently available in developing regions should be given greater 
priority. 

® Division Topic : Focation and Properties of Caoutchouc in Teak Wood. 
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® FORESTRY DIVISION TOPIC 1 

Location and Properties of Caoutchouc in Teak Wood 

Teak (Tectona grandis L. f.) constitutes one of the most commercially important timber species in the worldas it consistently produces 
high-quality general-purpose lumber. For this reason, the cultivation of teak trees has become common in many parts of the tropics. 

The wood has outstanding properties in terms of durability, dimensional stability, and resistance to abrasion and iron stains. These 
properties have been ascribed to the relatively high incidence of caoutchouc, a hydrophobic natural rubber compound. The presence of 
caoutchouc in teak wood xylem was first reported in 1959, at which time it was assumed to occur in parenchyma cells located in the 
heartwood. 

The desirable characteristics of teak wood, however, cannot be wholly explained by the presence of the compound in the parenchyma 
cell lumen. Therefore, in order to determine the location and distribution of caoutchouc and its influence on commercially significant 
properties of teak wood, we organized a collaborative study with the Unit of Wood Paper and Coating of the School of Industrial 
Technology, Universiti Sains Malaysia. 

To observe caoutchouc formation, we cut sections 2l4m thick from fresh teak samples fixed with two percent glutaraldehyde and one 
percent osmium tetroxide, then examined the region between the cambium and the heartwood under a light microscope. Granules 
stained with osmium tetroxide were not observed in the cambial zone and the outer sapwood, but osmium black granules, consisting 
mainly of caoutchouc, appeared with increasing prevalence from the middle sapwood inward. We observed that the granules became 
larger toward the sapwood boundary and that dark substances occurred mainly in the lumen of parenchyma cells in the sapwood. In the 
heartwood, these substances usually fused into one large granule or several smaller granules in a parenchyma cell and were distributed 
in most of the fiber lumens (Figure 1) . 

Radial dried heartwood sections of 60(401 in thickness were extracted with acetone to remove extractives other than caoutchouc, or 
were extracted with acetone and chloroform successively to remove both extractives and caoutchouc. These sections were examined 
using scanning electron microscopy (SEM). Unextracted sections revealed that the heartwood lumen of all cell types, as well as the 
cut-surfaces of parenchyma cell walls, were more or less covered with extraneous materials (Figure 2a) . These extractives might have 
diffused to the cut-surface from the underlying cell walls after sectioning. An enrichment of wood extractives, forming a thin layer on 
the surfaces of cut cell walls, might also have taken place. However, extraction with acetone, which removes extractives other than 
caoutchouc, did not produce marked changes in surface morphology, suggesting that the extraneous layer remaining on the wood 
surfaces consisted of caoutchouc. After successive extraction with acetone and chloroform, most extrenious materials were absent, and 
the lumen surfaces of parenchyma cells became smooth and clear (Figure 2b) . SEM examination revealed the presence of caoutchouc, 
not only in the lumens of the parenchyma cells, but also in those of fibers and vessel elements. 

Subsequently, we analyzed the surface of untreated and extracted heartwood sections using X-ray photoelectron spectroscopy (XPS). 
Unextracted sections produced a Cls spectrum rich in Cl (C-C or C-H) components, possibly indicating the migration of extractives 
after sectioning (Figure 3a) . The CPS oxygen-to-carbon ratio was 0.24. Extraction with acetone caused a slight decrease in levels of C2 
(C-OH) and a slight increase in Cl, with a lower XPS O/C ratio of 0.16. Both the decrease of the O/C ratio and the increase of Cl 
demonstrated the removal of hydrophilic wood extractives. Because of its hydrophobic nature, caoutchouc remained on the surface. 
Successive extraction with acetone and chloroform caused clear reductions in the level of Cl, combined with increases in C2 levels 
(Fig. 3b) , probably due to the removal of caoutchouc from the section surfaces. The rise in the O/C ratio to 0.40 also supports this 
finding. 

Next, we utilized electron spin resonance spectroscopy (ESR) on the sections in order to examine the formation of free radicals under 
sunlight irradiation. The ratio of the relative signal intensity of organic free radicals at g//=2.005 (10G line width) before sunlight 
irradiation to the intensity following irradiation indicated the effectiveness of the wood surface in absorbing sunlight. After irradiation 
for six hours, ESR measurements produced high ratios (4.4) for specimens extracted with acetone and low ratios (1.8) for those treated 
with acetone-chloroform, while ratios for unextracted specimens measured 2.1. These results suggest that extraction with acetone may 
expose caoutchouc by depriving the wood of other protective compounds, leaving residual caoutchouc, with its unsaturated bonds, to 
absorb sunlight. The effects of these properties on teak wood durability are not clear. 

We also measured water contact angles on the wood surfaces in an effort to evaluate hydrophobicity. Our results indicated a high 
degree of water repellency in unextracted teak sections relative to other wood species reported in the literature (Figure 4) , thereby 
confirming the hydrophobic properties of teakwood. Extraction with acetone increased contact angles slightly, suggesting that the 
acetone removed hydrophilic extractives. Apparently, residual caoutchouc was also redistributed and enriched on the surface of the 
sections, resulting in a slight increase in water repellency. Successive chloroform treatments removed caoutchouc, resulting in a 
significant decrease of contact angles. 
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Finally, we evaluated the ability of teak wood to resist decay by exposing particleboard samples reconstructed from unextracted, 
ethanol extracted, and ethanol-chloroform extracted wood meal to white rot fungus, Coriolus versicolor (L. ex. Fr.) for twelve weeks. 
Particleboard specimens from untreated wood meal showed only 3.2 percent weight loss. Specimens made from ethanol and 
ethanol-chloroform extracted wood meal lost 14.2 percent and 16.3 percent of total weight respectively. These results demonstrate that 
the substances responsible for decay resistance properties in the samples were removed with the ethanol extract and that residual 
caoutchouc contributed little to resistance properties. 


(K. Yamamoto) 
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Location and Properties of Caoutchouc in Teak Wood 



Figure 1. Light micrograph of ray parenchyma cells in teak heartwood fixed with glutaraldehyde and osmium tetroxide. Large and 
small arrows denote osmium black substances indicating the presence of caoutchouc in a fiber and a ray parenchyma cell, 
respectively. Bar measures 20 %m. 
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Location and Properties of Caoutchouc in Teak Wood 



Figure 2a. Scanning electron micrograph of radial surfaces of ray parenchyma cells of teak heartwood, showing lumen (large 
arrow) and cut surface (small arrow) covered with extraneous material in the unextracted section. Bars measure 20V4m. 
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Figure 2b. Scanning electron micrograph of radial surfaces of ray parenchyma cells of teak heartwood, showing residues of 
extractives or cytoplasmic organelles (arrows) in the section extracted with acetone and chloroform. Bar measures KFAm. 
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Location and Properties of Caoutchouc in Teak Wood 




Figure 3. Cls spectra derived from X-ray photoelectron spectroscopy of teak heartwood, showing an unextracted section with 
percentage of Cl (C-C and C-H) at 73, of C2 (C-OH) at 17, C3 (O-C-O or C-O) at 7, and C4 (O-C-O) at 3 (Fig. 3a), and a 
section extracted with acetone and chloroform in which the percentage of Cl, C2, C3, and C4 measured 42, 35, 19, and 4, 
respectively (Figure 3b). 
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Figure 4. Time course for contact angles in teak heartwood, showing unextracted section (a), section extracted with acetone (b), 
and section extracted with acetone and chloroform (c). Comparison with pine and birch data from Nussbaum (1993) cited. 
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As an initial phase (1994-1998) in international collaborative activity in the field of fisheries, the Fisheries Division has initiated five major research projects 
in Asian countries, including efforts to improve the management of fisheries resources in Malaysia and Indonesia, aquaculture in Thailand and Vietnam, and 
fisheries product processing in China. In addition to these studies, the Division has also endeavored to secure the participation of Southeast Asian countries in 
a research project targeting prawn viral diseases. 

During FY 1997, the Division initiated its first international collaborative research project on fisheries resource management in Malaysia with the Fisheries 
Research Institute (FRI) and the University of Malaya (UM). This multidisciplinary project, which examines the productivity and sustainable utilization of 
brackish water mangrove ecosystems, involves the integration of studies in fisheries, forestry, agriculture, and socio-economics. JIRCAS has successively 
dispatched two senior researchers to Penang, Malaysia, to provide long-term oversight for the project, and several short-term scientists specializing in fish 
larval ecology, crustacean ecology, and marine chemistry have also participated. In December, 1997, members of the project team conducted a workshop on 
brackish water mangrove ecosystems that brought together researchers from FRI, UM, and the Forest Research Institute Malaysia (FRIM). 

At the same time, the Division remains involved in several other ongoing projects. These include collaborative studies on the life history of major coastal 
fishes in Indonesia based on otolith analyses now being conducted in Maros, South Sulawesi, Indonesia, in conjunction with the Research Institute for Coastal 
Fisheries (RICF) under the jurisdiction of the Central Research Institute for Fisheries (CRIFI). The project aims to deepen understanding of the ecology and 
life history of important coastal fish species in ways that may improve resource management methods. One researcher has been dispatched to Maros as 
long-term residing scientist. 

Photo : Sampling from a fish market in.Uiung Pandang, Indonesia . 

The Division’s collaborative work on the development of sustainable aquaculture technology in Southeast Asia also continues at Kasetsart University in 
Bangkok, Thailand. In addition, the Division has been participating in a comprehensive project entitled “Evaluation and improvement of farming systems 
combining agriculture, animal husbandry, and fisheries in the Mekong Delta” with the College of Agriculture at Cantho University in Vietnam. This project 
involves multidisciplinary studies of integrated farming systems to address problems in rice production, animal husbandry, freshwater aquaculture, and 
socio-economics. Research in fisheries and freshwater aquaculture comprises an important part of the project, in particular as it relates to technologies for the 
production of fish and prawn fry, the prevention of disease among fish and prawn, and the utilization of new feed resources for freshwater aquaculture. To 
oversee components of the project which relate to fisheries management, JIRCAS has dispatched on short-term bases one researcher specializing in crustacean 
endocrinology and three Fisheries Agency scientists specializing in fish disease and fisheries nutrition. 

Concerning the processing of fisheries products, the Division has continued collaborative research on postharvest and processing of freshwater fish in China 
with the Faculty of Food Science and Technology at the Shanghai Fisheries University. Two senior researchers have been dispatched successively to 
Shanghai, and short-term scientists specializing in postharvest technology have visited to lend support to the project. 

Intensive aquaculture has been well-developed in recent years and has become one of the most important industries in many countries, but self-contamination 
and fish disease in culture ponds have given rise to serious environmental and social problems. In order to promote effective management and prevent 
problems from occurring, the Fisheries Division in March, 1998, organized a research workshop to consider aquaculture and related environmental problems 
in Southeast Asia. Five foreign scientists from four countries joined two Japanese university professors to share perspectives on the conditions prevailing in 
the regional and discuss the direction of future research efforts. 
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Finally, under the auspices of the JIRCAS Visiting Research Fellowship Program, one scientist from the Central Research Institute for Fisheries (CRIFI) in 
Indonesia has been invited to Tsukuba to undertake cooperative studies of aquatic animal physiology and pathology over a two-year period. Other invitees will 
soon follow. Participating Tsukuba Fellows are expected to become core scientists in JIRCAS’s counterpart institutions and to contribute to the continued 
development of collaborative studies. 

♦ Division Topic #1 : Food-Chain Mechanisms and Productivity in Brackish Water Mangrove Ecosystems. 

^ Division Topic #2 : Age Determination of Tropical Fishes in Indonesia. 
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FISHERIES DIVISION TOPIC 1 

Food-Chain Mechanisms And Productivity in Brackish Water Mangrove 
Ecosystems 


Brackish waters form where sea water and freshwater mix, usually within regions characterized by flat topography stretching 
between rivers and seas. In tropical and subtropical areas, brackish water coastlines often play host to mangrove forests, which serve 
as nursery grounds for fish and prawns while playing critical roles in protecting coasts from the threat of hurricanes and erosion. 
Humans also utilize mangrove trees for fuel, charcoal, chips, timber and medicinal products. 

In recent years, processes of urbanization, resort development, farmland clearing, and the expansion of commercial shrimp pond 
enterprises in the tropics have generated excessive levels of water pollution, soil erosion, and sediment accumulation that threatens 
the survival of many brackish water mangrove ecosystems. Already the world has witnessed widespread reduction of nursery 
grounds and the occurrence of red tides as a consequence of the destruction of brackish water mangrove ecosystems. 

In order to better understand the functions of these valuable ecosystems, JIRCAS has initiated a collaborative research project on 
the productivity and sustainable utilization of brackish water mangrove ecosystems in cooperation with leading Malaysian 
scientists. The project covers a five-year period from 1995-2000 and prioritizes four principal research topics, including production 
and decomposition processes in differential brackish water mangrove ecosystems, nutrient flux from rivers to coastal ecosystems, 
energy flow and carrying capacity in differential brackish water mangrove ecosystems, and socio-economic evaluations of brackish 
water mangrove ecosystems. Research touching upon issues in fisheries is now being conducted in collaboration with the Fisheries 
Research Institute (FRI) and the University of Malaya (UM). 

At present, three research sites in Peninsular Malaysia have been selected for the project. The Matang Mangrove Forest in Perak 
State is located within a forest reserve measuring 40,711 hectares. The area consists of numerous islands and adjacent waterways 
and is populated primarily by Rhizophora apiculata trees. Under sustainable management since the early part of the century, 

Matang Mangrove Forest is reputed to be the world’s best managed mangrove forest. As such, it will provide a valuable location for 
analyzing the role of fish populations in mangrove ecosystems. In contrast, disturbance through partial deforestation characterizes 
Merbok Mangrove Forest Reserve in Kedah State. During the past ten years, the mangrove cover at the site has declined from 9,037 
ha in 1980 to 8,034 ha in 1990, amounting to roughly 11% of the original forested area. The loss of mangroves continues due to the 
persistence of destructive land uses, especially the conversion of mangrove areas into shrimp culture ponds. The third site, the 
Lumut Mangrove Forest, has experienced much more extensive deforestation. 

Measurement of natural 13 C/ I2 C and 15 N/ 14 N isotopic ratios provide a powerful tool in determining sources of nutrition for 
consumers and trophic relationships among organisms. Such measurements are often used in the study of marine food webs. It is 
known that ' 13 C measurements primarily indicate the main sources of carbon to consumers, while ' 15 N values provide information 
on the trophic distance of consumers from their food bases. Therefore, the simultaneous use of ' l3 C and ' 15 N values allows 
elucidation of trophic relationships in food webs. 

Surveys conducted between 1996 and 1997 in the Selinsing River of the Matang Mangrove indicate the presence of a certain C-N 
isotopic ratio gradient (Figure 1) . This finding suggests the presence of a food pathway that begins with leaf-based detritus in the 
mangrove, continues upwards to herbivorous shrimp and crab species, and culminates in carnivorous fish and squid. In other words, 
a series of trophic relationships is fulfilled in the Matang brackish water mangrove ecosystem. 

Additional research comparing populations of larval and juvenile anchovies, Stolephorus spp., at the research sites indicates 
population densities (number/100 m 3 ) at l east 1-5 times greater in the intact brackish water mangrove ecosystem at Matang than 
those in the disturbed ecosystem at Merbok. Biomass (mg/100 m3) at Matang also measured 4.3 times higher than that in the 
Merbok Mangrove (Figure 2) . These results confirm our assumptions that the undisturbed nature of Matang Mangrove would 
generate much higher levels of productivity for larval and juvenile anchovy, when measured as the product of biomass and daily 
growth rates calculated through otolith ring analysis. 

We have presented the results of these and other studies conducted during the past two years in an annual seminar held under the 
auspices of the comprehensive project. Two seminar proceedings have already been published. As a result of the studies, integrated 
criteria on tree and aquatic production under suitable forest management can now be standardized. Information obtained in this 
project will be useful to scientists in many fields in their efforts to improve techniques for the sustainable utilization of brackish 
water mangrove ecosystems, benefiting local residents as well as policy makers. 

Our results may also help countries facing problems in the development and sustainable utilization of their brackish water mangrove 
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ecosystems. However, the task of linking comprehensive studies on trees and aquatic animals and of identifying criteria for 
sustainable utilization of brackish water mangrove ecosystems remains. These tasks will form the focus of our remaining research 
before the end of the project in the year 2000. 

(S. Hayase) 
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Food-Chain Mechanisms And Productivity in Brackish Water Mangrove Ecosystems 
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Figure 1. Map of mangrove leaves, animals, and particulate rate of organic matter (POM) in the Matang brackish water mangrove 
system. 
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Food-Chain Mechanisms And Productivity in Brackish Water Mangrove Ecosystems 



Figure 2. Density (number/100 m 3 ) by length and biomass (g/100 m 3 ) by length for larval and juvenile anchovies, Stolephorus spp., 
in the Matang and Merbok brackish water mangrove systems, November 1996. 
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FISHERIES DIVISION TOPIC 2 


Age Determination of Tropical Fishes in Indonesia 


Scientists know little about the life histories of many commercial fish species utilized in tropical areas. In order to achieve 
sustainable management of fisheries resources greater knowledge of age, growth, reproductive cycles, and migratory habits are 
necessary. Therefore, in 1996, JIRCAS initiated a collaborative project to study the life cycles of major coastal fish species in 
Indonesia with the Central Research Institute for Fisheries (CRIFI). Among the main purposes of this project is an analysis of age 
based on daily otolith growth increments in tropical fish. 

Studies of age and growth in fish species have generally examined annual growth rings found in scales, otoliths, bones, or spines. 
However, due to the lack of seasonal variation in tropical regions, tropical fish exhibit no such annual markings. In 1971, Pannella 
discovered very thin otolith growth rings which form daily. Since that time, considerable research has been conducted on the basis 
of these increments, primarily examining fish from temperate zones. Nevertheless, this method is considered effective for studying 
tropical fishes and was applied in our study. 

We analyzed eight species collected from South Sulawesi, Indonesia, including Spratelloides gracilis, Stolephorus indicus 
Rastrelliger kanagurta R. negructus Liognathus sp. Atherinomorus lacunosus, Vallamugil sp. and Sphaeramia ordicularis. 

Otoliths were extracted, washed with water, air-dried and mounted with epoxy resin on a glass slide. After the epoxy resin 
hardened, otoliths were ground by lapping film (grind paper for hard tissues, 914m and 314m) under a light microscope until the 
focus was at the ground surface of the otolith. Ground otoliths were observed and growth increments counted by light and scanning 
electron microscopy. 

Two of the eight species, Atherinomorus lacunosus and Sphaeramia ordicularis, had clear increments which enabled the estimation 
of age in days. Specimens of Atherinomorus lacunosus, which ranged from 5.7 to 7.3 cm in total length, had from 88 to 141 
increments, suggesting ages that ranged from three to five months (Figure 1) . Sphaeramia ordicularis, and Vallamugil sp. clearly 
exhibited increments, but they were so complicated that we could not count the total number accurately. Other species exhibited 
only dim increments, which also proved too difficult to count 

Additionally, we verified the daily periodicity of increment formation of Sphaeramia ordicularis using rearing experiments. Fish 
were reared in a floating cage and immersed in alizarin complexion (ALC) solutions on two occasions, January 15 and 20, 1998. 
Otoliths were then extracted from the fish and examined under a light microscope. Two distinct increments colored by ALC could 
be observed (Figure 2) , while four additional increments were counted between these distinct increments. This result indicated that 
the observed increments were daily growth increments, each having formed on a daily basis. 

Our results demonstrate that analysis of daily growth increments is possible in tropical fishes. However, our results also suggest that 
this technique may prove very difficult or impossible for particular fish species. Further investigation is required to determine which 
species can be analyzed using this method. 

(S. Suyama) 
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Total number of otolith growth increments 


Figure 1. Relationship between the body length and total number of otolith growth increments in Atherinomorus lacunosus. 
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Figure 2. Light microscope photographs o/Sphaeramia ordicularis otolith showing the whole otolith (A) and ground otolith (B). 
Arrows indicate increments colored by ALC on January 15 (R1) and January 20 (R2). 
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The Okinawa Subtropical Station was established in 1970 as a field experiment station for the Tropical Agriculture Research Center 
(TARC), which was reorganized into JIRCAS in 1993. It is located on Ishigaki Island, nearly 2100 km southwest of Tokyo. As annual 
temperatures on the island average 24° C, the Station provides the most suitable location in Japan for research concerning subtropical and 
tropical agriculture and the development of techniques and technologies appropriate for the constraints of warm climates. 

\ Spto tNew\ &i^xi^^fdXMmMHf6t^kwical^nMM'eie research jionstructed in 1997. 

During FY 1997, Station personnel consisted of twenty-five researchers divided among seven research sections involved in projects 
relating to genetic resources, biotechnology, plant physiology, plant breeding, plant protection, and soil science. In addition to the 
permanent research staff, ten specialists were invited from Burkina Faso, China, Egypt, India, Nigeria, Pakistan, the Philippines and 
Vietnam under the auspices of the Visiting Research Fellowship Program at Okinawa overseen by the International Research Section. 
Visiting fellows conducted basic research on plant physiology and soil microorganisms in collaboration with Station researchers and 
participated in the International Workshop on Heat-Tolerance of Crops held in October, 1997. 

^ Division Topic #1 : Assessing Watershed Levels Using Routine Irrigation Data. 

♦ Division Topic #2 : Enzyme Activity Of Early-Maturing High Sugar Content Sugarcane Stalks. 


# Division Topic #3 : Evaluating Mungbean Cultivars for Resistance to Iron Deficiency. 
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OKINAWA SUBTROPICAL STATION TOPIC 1 

Assessing Watershed Levels Using Routine Irrigation Data 


It is widely believed that proper analysis of watershed levels and water balances requires large-scale monitoring systems supported 
by extensive man power and financial resources. This may explain the relative lack in developing countries of water balance studies 
and effective means for increasing efficient utilization of irrigation resources. Our collaborative research with Malaysia’s Muda 
Agriculture Development Authority (MADA) has produced a simple method for analyzing watershed levels and water balances using 
twelve sets of data calculated routinely in the daily operation of irrigation systems. 

In this method, two ki nds of assessment indicators are used to assess management and identify constraints to proper performance in 
the irrigation system. A performance indicator expresses the ratio of performance to target and indicates the extent of target 
achievement. For instance, the ratio of actual irrigation supply to targeted irrigation supply is a performance indicator that 
demonstrates the sufficiency of irrigation supply. On the other hand, an impact indicator expresses the ratio of performance to total 
quantity and indicates constraints to proper performance when performance is not adequate. The ratio of irrigation intake to river 
flow constitutes one impact indicator that could be used, for instance, to show deficiencies in irrigation canal capacity despite 
sufficient river flow. This problem might further suggest reduced volumes in canal sections due to sedimentation. Ratios comparing 
the delivery of water to terminal systems against the levels of total water intake constitute a second impact indicator which can be 
utilized to assess excessive conveyance losses caused by damaged canal linings or the inadequate operation of control gates. 

In its daily operations, MADA conducts routine measurements that clarify twelve sets of primary data. These include changes in dam 
storage, spillage from dams, controlled release from dams (DMRL), total runoff into rivers below dams (uncontrolled river flow, or 
RVIN), rainfall in the command area (RF), total levels of intake at headwork (IRIN), irrigation supplies delivered to subsystems 
(IRDL), recycled drainage water (IRRC), target water supplies (WRF), field water use (WUF), evapo-transpiration rates (estimated 
from pan-evaporation rates), and seepage and percolation (estimated through field experiments). In turn, these primary data sets can 
be used to derive nine sets of secondary data, including dam inflow (DMIN), river flow at canal headwork, effectively used 
uncontrolled river flow (RVE), unused uncontrolled river flow, effective rainfall (RFE), ineffective rainfall, canal loss, recyclable 
drainage water (DR), and rates of disposal to sea. 

Our study utilized these twelve data points to calculate one performance indicator and five impact indicators useful for assessing 
watershed levels and water balances in the watershed managed by MADA, as shown in Table 1 . Our figures suggest strengths and 
weaknesses in the management of water resources in the area. They also demonstrate that analyses of watershed levels and water 
balances can be fruitfully conducted using data routinely monitored in most large-scale irrigation projects in developing countries. 

For instance, our real performance indicator (WUF'/WRF) implies that MADA faced a water shortage in the first season of study. At 
the same time, authorities appeared to release dam storage at rates excessively high compared to dam inflow (DMRL/DMIN), 
resulting in annual reductions in dam storage and the surrender of first season rice crops every five to ten years. Utilization of 
uncontrolled river flow was low due to discrepancies between the timing of river flow and irrigation demand. In other words, when 
irrigation demand rose steeply during the dry season, river flow remained small and increased only when demand sank to low levels 
during the wet season. 

Our statistics suggest that it is not realistic to raise effective rainfall or canal conveyance efficiency in order to improve irrigation 
management in the Muda watershed, as these ratios are already appropriate. However, we found ratios for recycling drainage water 
into the irrigation system that reached only ten percent during the first season, a figure which suggests that the development of 
drainage water recycling systems may provide one solution to water shortage problems in the Muda area. 

(S. Yashima) 
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Assessing Watershed Levels Using Routine Irrigation Data 

Table 1. Assessment indicators in the Muda Irrigation Project. 


Name of indicator 

Formula 

1st 

season 

2nd 

season 

Year 

Performance indicator 

WUF’/WRF 

0.767 

0.987 

0.851 

Dam inflow utilization ratio 

DMRL/DMIN 

1.767 

0.764 

1.152 

Uncontrolled flow utilization ratio 

RVE/RVIN 

0.270 

0.320 

0.304 

Rainfall utilization ratio 

RFE/RF 

0.756 

0.663 

0.712 

Canal conveyance efficiency 

IRDL/IRIN 

0.790 

0.708 

0.754 

Drainage water recycling ratio 

IRRC/DR 

0.108 

0.160 

0.124 


Note: WUF’=WUF-120( adjusted excessive dam release) 
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OKINAWA SUBTROPICAL STATION TOPIC 1 

Assessing Watershed Levels Using Routine Irrigation Data 


The role of enzymes in storing sugars in sugarcane stalk remains unclear. This study sought to address the question by measuring 
acid invertase (AI) activity, a negative factor, and sucrose phosphate synthase (SPS) activity, a positive factor, in sugar 
accumulation processes within sugarcane storage tissues. 

NiF4 is an early maturing Japan variety of sugarcane characterized by high sugar content. When compared to conventional 
sugarcane varieties, this variety exhibits relatively high brix, even during the growing season. Invert sugars of this variety decrease 
remarkably in November, whereas conventional types decrease in January ( Figure 1) . To clarify the physiological functions of high 
sugar content varieties, this study examined samples of NiF4 and the more conventional F172. 

First, we measured seasonal changes in the level of AI activity. We found AI activity in NiF4 to be higher than that of F172 through 
most of the season (Figure 2) . The negative factor for sugar accumulation was high in the high sugar content variety NiF4, 
suggesting that AI activity does not play an important role in sugar accumulation. 

SPS activity in NiF4 was higher than in F172, both during the maturing season and during the harvest season. Particularly in the 
NiF4 variety, SPS activity increased throughout the maturing season into the harvest season (Figure 3) . 

Cold temperatures are the primary determinant of maturation in sugarcane. Sugarcane samples grown at 24° C, the temperature 
characterizing the maturing season, indicated high brix and low invert sugar content compared to samples grown at 32° C, the 
temperature characteristic of the vegetative growing season. Sugarcane grown at 24° C also demonstrated higher SPS activity than 
that grown at 32° C (Figure 4) . 

The fact that SPS activity increased under maturing conditions with increments of brix and decrements of invert sugars suggests 
that the SPS enzyme plays an important role in sugar accumulation in sugarcane storage tissues. 

(T. Terauchi) 
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Figure 2. Seasonal changes in AI activity in 
sugarcane. 
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Figure 3. SPS activity and brix in maturing and 
harvest seasons in field-grown sugarcane. 


Figure 4. Effect of temperatures on SPS activity and 
brix in greenhouse-grown sugarcane. 
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OKINAWA SUBTROPICAL STATION TOPIC 3 

Evaluating Mungbean Cultivars for Resistance to Iron Deficiency 


Iron deficiency is a major factor limiting the growth and production of crop plants grown on calcareous soils. Foliar and soil 
application of iron may be employed, but currently the only economical alternative for alleviating iron-deficiency is the selection of 
cultivars efficient in iron uptake. The purpose of the present study is to evaluate mungbean cultivars for their resistance to 
iron-deficient soils under field conditions and to identify the physiological factors involved in differential responses of mungbean 
cultivars to iron deficiency using solution culture. 

A field experiment was conducted at the Nakhon Sawan Field Crops Research Center, Thailand. Ten mungbean cultivars/lines were 
evaluated for their resistance to iron deficiency in view of chlorosis symptoms, plant growth and seed yield under field 
characterized by calcareous soil. Ten cultivar lines grown in the field exhibited various susceptibilities to iron deficiency. Of the ten 
cultivar lines examined, the KPS2 proved highly susceptible; the KPS1, PSU1 and Pag-asa 1 somewhat susceptible; the VC1163B 
moderately tolerant; the CN36, CN60, UT1 and CNM-I tolerant; and the CNM8509B very tolerant to iron deficiency. Foliar 
application of a solution of 5g L-l ferrous sulphate was effective in correcting chlorosis induced by iron deficiency, and it enhanced 
both the growth and the yield of susceptible cultivars. 

Photo : Mungbean cultivated on alkaline calcareous soils at Nakhon Sawan Field Crops Research Center, Thailand. 

Two cultivars which differ in chlorosis resistance in the field, KPS2 and UT1, were examined for their ability to lower the pH of the 
nutrient solution under iron-deficient conditions. Compared with the susceptible cultivar KPS2, the tolerant cultivar UT1 had a 
greater ability to lower the pH of the nutrient solution in response to iron deficiency. Recovery from chlorosis was observed only in 
UT1 after acidification of the nutrient solution. Acidification of the medium in response to iron deficiency might contribute to the 
efficient solubilization of iron from calcareous soils and relates closely to the resistance to iron deficiency in mungbean cultivars. 
These results suggest that, when mungbean is grown on calcareous soils, loss of yield due to iron deficiency can be eliminated by 
the selection of cultivars with high-level resistance to iron deficiency. 


(Y. Ohwaki) 
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MISCELLANEOUS PROJECTS OUTLINE 


In addition to international collaborative projects, JIRCAS conducts a variety of miscellaneous projects: domestic projects in 
cooperation with other MAFF institutes; commissioned research, principally in cooperation with universities; cross-ministry and 
cross-agency projects currently involving the Science and Technology Agency and the Environment Agency; and special allotment 
projects. 


DOMESTIC PROJECTS 


Analysis of genes that are induced by dehydration stress in higher plants 

(Biological Resources Division, 1993-1999) 


Primary characterization of rice genetic resources 

(Okinawa Subtropical Station,1993-2000) 


Rapid generation advance breeding of high quality wheat for blend usage 

(Okinawa Subtropical Station,1993-1999) 


Simulation analysis of world food policies 

(Research Information Division,1994-1998) 


A comprehensive evaluation of the effects of international trade fluctuation on resources and the environment 

(Research Information Division,1996-2000) 


Elucidation of characteristics of water resource changes by agricultural production and change of industrial structure 
and settlement of a suitable macro indicator 

(Research Information Division,1996-2000) 


Search for endophytes from tropical grasses 

(Animal Production and Grassland Division,1996-1998) 


Elucidation of antagonistic mechanisms of lytic microorganisms against plant pathogenic fungi and development of a 
means of disease control 

(Animal Production and Grassland Division,1996-1998) 


Characterization and primary evaluation of blackgram germplasma 

(Okinawa Subtropical Station,1996-2000) 
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Development of a predictive MI method for salt accumulation in semi-arid areas 

(Crop Production and Post Harvest Technology Division, 1996-1999) 


Analysis of high-yielding "Haibushi," a heat tolerant snap bean variety, in summer cultivation on Ishigaki Island, 
Okinawa 

(Okinawa Subtropical Station,1997-2002) 


Search for possible natural enemies of the Golden apple snail and evaluation of their efficacy 

(Crop Production and Post Harvest Technology Division, 1997-2000) 


Development of detection and control methods for citrus greening organisms 

(Biological Resources Division, 1997-2002) 


Development of tools for agricultural information analysis with GIS 

(Research Information Division,1997-2006) 


COMMISSIONED RESEARCH 


Desertification in cool, dry areas and accompanying changes in systems of agricultural dynamics 

(Environmental Resources Division in cooperation with Nihon University, 1995-1997) 


Evaluation of salinity tolerance in wild species of rice and elucidation of tolerance mechanisms 

(Okinawa Subtropical Station in cooperation with the University of the Ryukyus, 1996-1999) 


RESEARCH PROJECTS WITH OTHER GOVERNMENT AGENCIES AND MINISTRIES 
In cooperation with the Science and Technology Agency 


Oceanographic investigations: Fluctuations in tropical mangrove forests and evaluation of possible influences 

(Forestry Division, 1990-1997) 
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Molecular analysis of two-component histidine kinases in higher plants 

(Biological Resources Division, 1997) 


Evaluation of the effects of controlled availability fertilizer on nitrous oxide production and emission 

(Environmental Resources Division, 1997) 


Durability of Acacia mangium wood as a fast growing plantation species 

(Forestry Division, 1997) 


In cooperation with the Environment Agency 


Research for the development of technology to inhibit the production and emission of methane and nitrous oxide from 
agricultural fields 

(Environmental Resources Division, 1995-1997) 


MAFF SPECIAL RESEARCH ALLOTMENTS 


Stabilization of rice culture under water stress in the tropics utilizing a broader spectrum of genetic resources 

(JIRCAS in cooperation with the International Rice Research Institute [IRRI], 1994 - 1999) 


Sustainable cultivation of upland crops in the semi-arid tropics 

(JIRCAS in cooperation with the International Crops Research Institute for the Semi-Arid Tropics [ICRISAT], 1994-1999) 


New technologies for agricultural research: A proposal for management training in information and biotechnology 
research 

(JIRCAS in cooperation with the International Service for National Agricultural Research [ISNAR], 1997-2000) 
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INVITATION PROGRAMS AT JIRCAS 

In keeping with its role as an international research center, JIRCAS has implemented several programs for the invitation of foreign 
researchers and administrators at counterpart organizations. These programs serve to facilitate the exchange of information and 
opinion concerning agriculture, forestry and fisheries administration and to strengthen international research ties with scientists and 
administrators in other countries. Current programs are described in greater detail below. 

1) Administrative Invitation 

Under the Administrative Invitation program, JIRCAS invites administrators from counterpart organizations to the Tsukuba 
premises to engage in discussions and to review ongoing research in order to ensure the smooth running of collaborative projects. 
Additionally, the program introduces administrators to current activities at JIRCAS and related MAFF research organizations. 
Finally, the program provides opportunities for the exchange of information and opinion at the administrative level concerning 
policy-making and project design, thereby contributing to deeper mutual understanding and international cooperation. Sixty-nine 
individual visits to JIRCAS were made during FY 1997 under the Administrative Invitation program, including thirteen invitations 
to the International Symposium. Invited administrators and their home institutions are listed here . 

2) Counterpart Researcher Invitation 

The Counterpart Researcher Invitation program provides invitations for periods of up to six months to researchers engaged in 
collaborative work with members of the JIRCAS research staff. Counterparts conduct in-depth research at JIRCAS, at other MAFF 
research institutes, or at national universities. This invitation program aims both to enhance the quality of research conducted in 
foreign countries and to facilitate exchanges between individual research staff. Twenty-three researchers were invited under the 
Counterpart Researcher Invitation Program during FY 1997. Invited researchers, their affiliated research organizations, and their 
research activities are summarized here . 

3) JIRCAS Visiting Research Fellowship Program at Okinawa 

The Okinawa Visiting Research Fellowship Program was initiated in FY 1992, prior to the reorganization of the Tropical 
Agricultural Research Center (TARC) into JIRCAS. The program invites post-doctoral scientists to conduct research for a period of 
one year at the Okinawa Subtropical Station. Researchers must focus on important topics relating to tropical agriculture in 
developing countries within one of several broad categories: the development of techniques for environmental control utilizing 
plants and microorganisms specific to the tropics and subtropics, studies on heat-tolerance mechanisms in tropical and subtropical 
crops, the identification and evaluation of salt-tolerant crops, or the evaluation and development of long-term techniques for 
conserving the genetic resources of vegetatively propagated crops in the tropics and subtropics. Ten fellows are chosen each year, 
beginning their terms on October 1 and ending on September 30 of the following year. Recent invitees and their research activities 
are summarized here . 

More information on the Okinawa Visiting Research Fellowship Program can be obtained by contacting the International Relations 
Section, Japan International Research Center for Agricultural Sciences, 1-2, Ohwashi, Tsukuba, Ibaraki, 305, Japan. (Tel.: 
81-298-38-6335 Fax: 81-298-38-6337 Telex: 3652456 JIRCAS J). 

4) JIRCAS Visiting Research Fellowship Program at Tsukuba 

A program similar to the Okinawa Visiting Research Fellowship Program has been implemented on the Tsukuba premises since 
October, 1995. The Tsukuba Visiting Research Fellowship Program aims to promote collaborative research to address various 
problems confronting countries in developing regions. The program allows for the invitation of six to eight researchers per year. 
Four researchers engage in two-year projects at JIRCAS and two to four researchers conduct short five-month projects at the 
National Institute for Agrobiological Resources (NIAR). Recent invitees and their research activities are listed here . 

More information on the Tsukuba Visiting Research Fellowship Program can be obtained by contacting the International Relation 
Section, Japan International Research Center for Agricultural Sciences, 1-2, Ohwashi, Tsukuba, Ibaraki, 305, Japan. (Tel.: 
81-298-38-6335 Fax: 81-298-38-6337 Telex: 3652456 JIRCAS J). 
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INVITATION PROGRAMS AT JIRCAS 


5) Other fellowships for visiting scientists 

The Government of Japan sponsors a post-doctoral fellowship program for both Japanese and foreign scientists through the Science 
and Technology Agency (STA). The program places post-doctoral fellows in national research institutes throughout Japan 
according to research theme and prior arrangement with a host scientist for a term of generally 1-3 years. Fellowships can be 
undertaken in any of the ministries and many fellows are currently working at the various institutes of MAFF. During FY 1997, Dr. 
Chien Hsiaoping from the People’s Republic of China pursued research in the Research Information Division and Dr. Park 
Kwang-Lai (Korea) conducted experiments in the Environmental Resources Division. In addition, two Japanese fellows, Dr. 
Naohiro Aoki and Dr. Makiko Sakagawa, conducted research at JIRCAS. Dr. Tsuyoshi Urao, previously a fellow, became a 
member of the Biological Resources Division staff in April, 1998. 


Back to 


the Annual Report Main Contents page. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1997/fellowship/invitation.htm (2 of 2) [10/7/2002 9:39:58 PM] 






1) Administrative Invitation 



Administrative Invitation Program Invitees 


Under the Administrative Invitation program, JIRCAS invites administrators from counterpart organizations to the Tsukuba 
premises to engage in discussions and to review ongoing research in order to ensure the smooth running of collaborative 
projects. Additionally, the program introduces administrators to current activities at JIRCAS and related MAFF research 
organizations. Finally, the program provides opportunities for the exchange of information and opinion at the administrative 
level concerning policy-making and project design, thereby contributing to deeper mutual understanding and international 
cooperation. Sixty-nine individual visit to JIRCAS were made during FY 1997 under the Administrative Invitation program, 
including thirteen invitations to the International Symposium. Invited administrators and their home institutions are listed 
below. 





Dr. Bui Chi Buu 

Vice Director 

Cuu Long Delta Rice Research Institute 

Vietnam 

July 22-Aug. 5, 1997 

Dr. Li Lite 

Vice President 

China Agricultural University 

People’s Republic of China 

July 31-Aug. 11, 1997 

Mr. Paiwit Watanavitawas 

Director General 

Agricultural Development Research Center 

Thailand 

Aug. 24-Sept. 5,1997 

Dr. Chau Ba Loc 

Dean 

Faculty of Animal Husbandry and Veterinary Medicine 
Cantho University 

Vietnam 

Aug. 24-Sept. 3,1997 

Dr. Wan Razali Wan 
Mohammad 

Deputy Director General 

Forest Research Institute Malaysia 

Malaysia 

Aug. 24-Sept. 6,1997 

Dr. Zhang Zhitao 

Deputy Director General 

China National Rice Research Institute 

People’s Republic of China 

Aug. 25-Sept. 5,1997 

Dr. Taufic Ahmad 

Director 

Research Institute for Coastal Fisheries 

Indonesia 

Sept.28-Oct.8,1997 

Dr. Anthony E. Hall 

Professor 

Department of Botany and Plant Sciences 

University of California U.S.A. 

Oct. 5-11, 1997 

Dr. Chungchi George Kuo 

Director of Crop Improvement Program 

Asian Vegetable Research and Development Center 
Taiwan 

Oct. 6-10, 1997 

Dr. Suwithaya Pollarp 

Director General 

Department of Livestock Development 

Thailand 

Oct. 12-19,1997 

Mr. Watcharin Boonpakdee 

Director 

Khon Kaen Animal Nutrition Research Center 

Thailand 

Oct. 12-19,1997 
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Dr. Yoshihiko Sugai 

Researcher 

Secretary of Strategic Administration 

Brazilian Agriculture Research Corporation 
(EMBRAPA) 

Brazil 

Oct.13-Nov.10, 1997 

Dr. Celso Boin 

Director General 

National Center for Research on Beef Cattle 
(EMBRAPA-CNPGC) 

Brazil 

Nov. 4-12, 1997 

Dr. Jose Francisco Ferraz de 
Toledo 

Head 

National Center for Research on Soybeans 
(EMBRAPA-CNPSo) 

Brazil 

Dec. 1-6, 1997 

Dr. Paulo Roberto Galerani 

Associate Head of Technical Cooperation 

National Center for Research on Soybeans 
(EMBRAPA-CNPSo) 

Brazil 

Dec. 1-6, 1997 

Dr. Norman Neumaier 

International Liaison Officer 

National Center for Research on Soybeans 
(EMBRAPA-CNPSo) 

Brazil 

Dec. 1-6, 1997 

Dr. Vo-Tong Xuan 

Director General 

Mekong Delta Farming Systems Institute 

Cantho University 

Vietnam 

Dec. 8-12,1997 

Mr. Duong Le Thanh 

Deputy Director 

Mekong Delta Farming Systems Institute 

Cantho University 

Vietnam 

Dec. 8-12,1997 

Mr. Duong Ngoc Thanh 

Deputy Head of Sustainable Resource Management 
Department 

Mekong Delta Farming Systems Institute 

Cantho University 

Vietnam 

Dec. 8-12,1997 

Mr. Duong Van Ni 

Lecture and Senior Researcher 

Mekong Delta Farming Systems Institute 

Cantho University 

Vietnam 

Dec. 8-12,1997 

Mr. Nico Vromant 

Researcher 

Mekong Delta Farming Systems Institute 

Cantho University 

Vietnam 

Dec. 8-12,1997 

Mr. Nguen Xuan Lai 

Researcher 

Agricultural Technology Transfer Center 

Cuu Long Delta Rice Research Institute 

Vietnam 

Dec. 8-12,1997 

Dr. Laura M. Giorda 

National Coordinator of Soybean Research 

National Institute for Agricultural Technology (INTA) 
Argentina 

Dec. 8-13,1997 

Mr. Mario Nunez 

General Coordinator 

Ministry of Agriculture and Livestock 

Direction of Agricultural Research 

Paraguay 

Dec. 8-13,1997 
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Mr. Martin F. Naumann 

International Liaison Officer 

National Institute for Agricultural Technology (INTA) 
Argentina 

Dec. 8-13,1997 

Dr. Huang Hongxiang 

Vice Director 

Soil and Fertilizer Institute 

Chinese Academy of Agricultural Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Liu Jifang 

Assistant Professor 

Soil and Fertilizer Institute 

Chinese Academy of Agricultural Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Zhang Weili 

Associate Professor 

Soil and Fertilizer Institute 

Chinese Academy of Agricultural Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Xu Minggang 

Associate Professor 

Soil and Fertilizer Institute 

Chinese Academy of Agricultural Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Liu Fulai 

Director General 

Soil and Fertilizer Institute 

Chinese Academy of Agricultural Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Cao Zhihong 

Director General 

Institute of Soil Science 

Chinese Academy of Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Cai Zucong 

Professor 

Institute of Soil Science 

Chinese Academy of Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Zhu Jianguo 

Associate Professor 

Institute of Soil Science 

Chinese Academy of Sciences 

People’s Republic of China 

Feb.3-7, 1998 

Dr. Zhou Ying Qi 

President 

Shanghai Fisheries University 

People’s Republic of China 

Feb. 23-Mar. 4, 1998 

Ms. Celia R. Lavilla Pitogo 

Associate Scientist 

Aquaculture Department, 

Southeast Asian Fisheries Development Center 
(SEAFDEC) 

The Philippines 

Mar. 1-8, 1998 

Mr. Tadokoro Yasuo 

Deputy Chief 

Aquaculture Department 

Southeast Asian Fisheries Development Center 
(SEAFDEC) 

The Philippines 

Mar. 1-8, 1998 

Dr. Yont Musig 

Dean 

Faculty of Fisheries 

Kasetsart University 

Thailand 

Mar. 1-8, 1998 
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Dr. Taufik Ahmad 

Director General 

Research Institute for Coastal Fisheries 

Indonesia 

Mar. 1-8, 1998 

Dr. Chong Ving-Ching 

Lecturer 

Institute of Postgraduate Studies and Research 

University of Malaya 

Malaysia 

Mar. 1-8, 1998 

Dr. Yang Guoting 

Northeastern Forestry College 

People’s Republic of China 

Mar. 3-9, 1998 

Mr. Anim Boanyo Danson 

Visiting Researcher 

Hokkaido University 

Japan (Ghana) 

Mar. 3-9, 1998 

Mr. Sattar Nyaz 

Visiting Researcher 

Hokkaido University 

Japan (People’s Republic of China) 

Mar. 3-9, 1998 

Ms. Ishikawa Noemia Kazue 

Visiting Researcher 

Hokkaido University 

Japan (Brazil) 

Mar. 3-9, 1998 

Dr. Dongshen Cheng 

Beijing Forestry University 

People’s Republic of China 

Mar. 3-31, 1998 

Dr. Ge Mao quan 

Dean 

Faculty of Food Science and Technology 

Shanghai Fisheries University 

People’s Republic of China 

Mar. 17-26, 1998 

Dr. Pan Borong 

Vice Director 

Xinjiang Institute of Biology, Pedology and Desert 
Research 

People’s Republic of China 

Mar. 18-25, 1998 

Dr. Yin Linke 

Director 

Turpan Desert Research Station 

Xinjiang Institute of Biology, Pedology and Desert 
Research 

People’s Republic of China 

Mar. 18-25, 1998 

Mr. Wang Wenzhe 

President 

China National Food Industry Association 

People’s Republic of China 

Mar. 22-26, 1998 

Mr. Bi Qingyan 

Director and Senior Engineer 

Department of Planning 

China National Food Industry Association 

People’s Republic of China 

Mar. 22-26, 1998 

Mr. Chu Shiguan 

Vice Director 

Department of Consumer Goods Circulation 

Ministry of Internal Trade 

People’s Republic of China 

Mar. 22-26, 1998 

Dr. Jiang Jianping 

Professor 

Macro Agriculture Research Department 

Chinese Academy of Agricultural Sciences 

People’s Republic of China 

Mar. 22-26, 1998 

Dr. Luo Cheng Xiang 

Director 

Food Science Department 

Northeast Agricultural University 

People’s Republic of China 

Mar. 22-26, 1998 
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Dr. John S. Caldwell 

Associate Professor 

Virginia Polytechnic Institute & State University 

United States of America 

Mar. 22-28, 1998 

Mr. Teoh Weng Chaw 

Senior Engineer 

Water Management 

Muda Agricultural Development Authority (MADA) 
Malaysia 

Mar. 24-28, 1998 

Dr. Hosni B. Bardan 

Director 

Division of Research and Training 

Department of Irrigation and Drainage 

Ministry of Agriculture 

Malaysia 

Mar. 24-28, 1998 

Dr. Abdul Aziz Ibrahim 

Director General 

National Hydraulic Research Institute of Malaysia 
(NAHRIM) 

Ministry of Agriculture 

Malaysia 

Mar. 24-28, 1998 


International Symposium Invitees, FY 1997 

Dr. George H. L. Rothschild 

Director General 

International Rice Research Institute (IRRI) 

The Philippines 

Aug. 25-31,1997 

Dr. Wen S. Chern 

Institute of Economics 

Academia Sinica 

Taiwan 

Aug. 25-29, 1997 

Dr. Ke Bingsheng 

China Agriculture University 

People’s Republic of China 

Aug. 25-29, 1997 

Dr. Nipon Poapangsakorn 

Thailand Development Research Institute Foundation 
Thailand 

Aug. 25-29, 1997 

Dr. K. Purnachandra Rao 

Director (Economics) 

National Institute of Agricultural Extension Management 
India 

Aug. 25-29, 1997 

Dr. Dennis Keeney 

Director General 

Leopold Sustainable Center 

Iowa State University 

United States of America 

Aug. 25-30,1997 

Dr. Zhao Qi Guo 

Institute of Soil Science 

Academia Sinica 

People’s Republic of China 

Aug. 25-29, 1997 

Dr. Pil-Kyun Jung 

Agricultural Science and Technology Institute 

Republic of Korea 

Aug. 25-29, 1997 

Dr. Osamu Ito 

International Rice Research Institute (IRRI) 

The Philippines 

Aug. 24-31, 1997 

Dr. I. P. Abrol 

Rice-Wheat Consortium for the Indo-Gangetic Plains 
International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) 

India 

Aug. 25-30,1997 

Dr. Achmad Suryana 

Center for Agro Socio-Economic Research 

Indonesia 

Aug. 25-29, 1997 
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Dr. Dang Kim Son 

Agricultural Technology Transfer Center 

Cuu Long Delta Rice Research Institute 

Vietnam 

Aug. 25-Sept. 1,1997 

Dr. William Coyle 

Economic Research Service 

United States of America 

Aug. 25-29, 1997 
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2) Counterpart Researcher Invitation 



Counterpart Researcher Invitation Program Invitees 


The Counterpart Researcher Invitation program provides invitations for periods of up to six months to researchers engaged in 
collaborative work with members of the JIRCAS research staff. Counterparts conduct in-depth research at JIRCAS, at other 
MAFF research institutes, or at national universities. This invitation program aims both to enhance the quality of research 
conducted in foreign countries and to facilitate exchanges between individual research staff. Twenty-three researchers were 
invited under the Counterpart Researcher Invitation Program during FY 1997. Invited researchers, their affiliated research 
organizations, and their research activities are summarized below. 


(At Japan International Research Center for Agricultural Sciences, Aug. 18-30, 1997) 


Ms. Nussipbayeva Assem 

Kazakh Institute of Agriculture 

Seeding methods of grasses and legumes on 


Kazakhstan 

natural grassland 


(At Japan International Research Center for Agricultural Sciences, National Research Institute of Fisheries Science, National 
Research Institute of Fisheries Engineering, and National Research Institute of Far Sea Fisheries, Sept. 2-Nov. 15, 1997) 


Mr. Syarifuddin Tonnek 


Research Institute for Coastal Fisheries 
Indonesia 


Age determination of fish and squid based on 
daily growth increments of otoliths and statoliths 


(At Japan International Research Center for Agricultural Sciences, National Institute ofAgro-Environmental Science, National 
Agriculture Research Center and Tohoku National Agricultural Experiment Station, Sept. 9-Oct. 14, 1997) 


Dr. Pham Sy Tan 

Cuu Long Delta Rice Research Institute 

Fertilizer management for rice in the Mekong 


Vietnam 

Delta region of Vietnam 


(At Japan International Research Center for Agricultural Sciences and National Institute of Agro-Environmental Science, Oct. 
1-Dec. 27, 1997) 


Mr. Ping Xiaofei 


China National Rice Research Institute Development of insecticide resistance in long 

People’s Republic of China range migratory rice planthoppers 


(At Japan International Research Center for Agricultural Sciences, National Institute of Agro-Environmental Science, and 
National Agriculture Center, Oct. 1-Dec. 27, 1997) 


Mr. Precha Wadisirisuk 

Ministry of Agriculture and Cooperatives 

Nitrogen uptake in legume-rhizobium symbiosis in 


Department of Agriculture (DOA) 

Thailand 

Thailand 
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(At Japan International Research Center for Agricultural Sciences, National Institute ofAgro-Environmental Science, National 
Agriculture Center, and Tohoku National Agricultural Experiment Station, Oct. 6-Nov. 14, 1997) 


Dr. Meow-Chan Feng 

Universiti Sains Malasia (USM) 

Allelopathy of some Malaysian plants 


Malaysia 



(At Japan International Research Center for Agricultural Sciences, Seikai National Fisheries Research Institute, and National 
Research Institute of Aquaculture, Oct. 22, 1997-Feb. 11, 1998) 


Ms. Tran Thi Thanh Hien 


Cantho University 
Vietnam 


The effects of stock origin and feed on growth and 
reproductive development in the giant fleshwater 
prawn, Macrobrachium rosenbergii 


(At Japan International Research Center for Agricultural Sciences, Seikai National Fisheries Research Institute, and National 
Research Institute of Aquaculture, Nov. 17, 1997-Feb. 11, 1998) 


Mr. Truong Quoc Phu 


Cantho University 
Vietnam 


The effects of feed quality and level on growth 
and reproductive development in the giant 
freshwater prawn, Macrobrachium rosenbergii 


(At Japan International Research Center for Agricultural Sciences and Forestry and Forest Products Research Institute, Nov. 17, 
1997-Jan. 15, 1998) 


Dr. Othman Sulaiman 

Universiti Sains Malasia (USM) 

Effect of lignin on preservative fixation 


Malaysia 



(At Japan International Research Center for Agricultural Sciences, National Food Research Institute, and National Research 
Institute of Fisheries Science, Dec. 3,1997-Mar. 31, 1998) 


Ms. Zhou Li-Pin 

Shanghai Fisheries University 

Gel formation and its properties in freshwater fish 


People’s Republic of China 

meat by Ohmic heating 


(At Japan International Research Center for Agricultural Sciences, Jan. 9-Mar. 27, 1998) 


Dr. Divaagiin 

Erdenetsetseg 

Institute of Meteorology and Hydrology 
Mongolia 

Heat and water exchange in 
atmosphere-vegetation-soil systems for the 
determination of evapotranspiration distribution 

(At Japan International Research Center for Agricultural Sciences, Jan. 12-Mar. 10, 1998) 

Mr. Suksun Horpibulsuk 

Asian Institute of Technology 

Thailand 

Investigation on the mechanical properties of 
typical soils distributed in Northeast Thailand for 
the construction of irrigation facilities 

(At Japan International Research Center for Agricultural Sciences, Jan. 13-Mar. 12, 1998) 

Dr. H. Muhammad Dimyati 

Ministry of Public Works 

Indonesia 

Analysis of land use change using remote sensing 
and GIS 


(At Japan International Research Center for Agricultural Sciences and National Institute of Animal Industry, Jan. 28-Mar. 31, 
1998) 
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Ms. Wanna Angthong 

Ministry of Agriculture and Cooperatives 
Department of Livestock Development 
Thailand 

Methods for estimating energy values in feed 
for dairy cattle 

At Japan International Research Center for Agricultural Sciences and National Food Research Institute, Feb. 16-Mar. 31, 1998) 

Ms. Vipapom Na Thalang 

Institute of Food Research and Product 
Development, Department of Research 
Thailand 

Antioxidant activity of various Thai vegetables 

(At Japan International Research Center for Agricultural Sciences, Feb. 17-Mar. 25, 1998) 

Mr. Tang Lisong 

Xinjiang Institute of Biology, Pedology and 
Desert Research 

People’s Republic of China 

Sustainable agricultural techniques for improving 
environmental conditions in marginal agricultural 
areas and arid lands 

(At Japan International Research Center for Agricultural Sciences and Forestry and Forest Products Research Institute, Mar. 
16-30,1998) 

Dr. Zulkifli Yusop 

Forest Research Institute Malaysia (FRIM) 
Malaysia 

Study on watershed management and its impact on 
harvesting 

(At Japan International Research Center for Agricultural Sciences and National Institute of Sericultural and Entomological 
Science, Feb.25-Mar. 31, 1998) 

Ms. Anchalee 

Chuaboonmee 

Sisaket Sericultural Research Center 

Thailand 

The physical properties of Thai poly voltine raw 
silk used in warp yam 

(At Japan International Research Center for Agricultural Sciences, Feb. 16-19, 1998) 

Dr. Wongkrajang Karuna 

Kasetsart University 

Thailand 

Research on food problems in Asian countries 

(At Japan International Research Center for Agricultural Sciences, Feb.16-19, 1998) 

Dr. Gombosuren 

Enkhtaivan 

College of Industrial Technology 

Mongolia 

Research on food problems in Asian countries 

(At Japan International Research Center for Agricultural Sciences, Feb.16-19, 1998) 

Dr. Truong Nam Hai 

National Institute of Biotechnology 

Vietnam 

Research on food problems in Asian countries 

(At Japan International Research Center for Agricultural Sciences, Feb.16-19, 1998) 

Dr. Khare Sunil Kumar 

National Central Institute of Agricultural 
Engineering 

India 

Research on food problems in Asian countries 


(At Japan International Research Center for Agricultural Sciences, Mar.9-27, 1998) 
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Mr. Yin Chang Bin 

Institute of National Resources and Regional 
Planning 

Chinese Academy of Agricultural Science 
People’s Republic of China 

Economic analysis of provincial data from 
Shandong Province, People’s Republic of China 


Back to 
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3) JIRCAS Visiting Research Fellowship Program at Okinawa 



JIRCAS Visiting Research Fellowship Program at 
Okinawa 


The Okinawa Visiting Research Fellowship Program was initiated in FY 1992, prior to the reorganization of the Tropical 
Agricultural Research Center (TARC) into JIRCAS. The program invites post-doctoral scientists to conduct research for a 
period of one year at the Okinawa Subtropical Station. Researchers must focus on important topics relating to tropical 
agriculture in developing countries within one of several broad categories: the development of techniques for environmental 
control utilizing plants and microorganisms specific to the tropics and subtropics, studies on heat-tolerance mechanisms in 
tropical and subtropical crops, the identification and evaluation of salt-tolerant crops, or the evaluation and development of 
long-term techniques for conserving the genetic resources of vegetatively propagated crops in the tropics and subtropics. Ten 
fellows are chosen each year, beginning their terms on October 1 and ending on September 30 of the following year. Recent 
invitees and their research activities are listed below. 


Photo : Okinawa Fellows conduct research in the laboratories of the Okinawa Subtropical Station. 


Okinawa Fellows from October 1996 to September 1997 

Subject: Development of techniques for environmental control by using plants and microorganisms specific to the tropics and 
subtropics 

Dianou Dayeri 

Institute of Agricultural Study and 
Research 

Burkina Faso 

Biological regulation mechanisms for 
methane emission in rice paddy fields 
with reference to development of 
techniques for environmental control 

El-Khawas Hussein Moustafa 

Cairo University 

Egypt 

Response of lowland rice to inoculation 
with plant growth promoting 
rhizobacteria (PGPR) and their culture 
supernatants 

Subject: Studies on the mechanism ofheat-to 

lerance of tropical and subtropical crops 

1 

Harvinder Singh Talwar 

International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT) 

India 

Physiological basis for heat tolerance 
during flowering and pod setting stages 
in groundnuts ( Arachis hypogaea L.) 

Padmanaban Annamalai 

University of Madras 

India 

Molecular study on the function of heat 
shock responsive genes in Brassica 
Oleracea var. Capitata L. 

Subject: Identification and evaluation of salt 

tolerant crops \ 

Li Chengyun 

Yunnan Academy of Agricultural 

Sciences 

People’s Republic of China 

Studies on the relationship between 
salinity tolerance and cold tolerance at 
the booting stage of rice ( Oryza sativa 

L.) 

Safdar Hussain Shah 

Agriculture Research Station Dhodial 
Pakistan 

Salinity tolerance in rice at the 
whole-plant and cellular levels 

Maribel Dionisio-Sese 

University of the Philippines 

Philippines 

Photosynthetic and antioxdant responses 
of rice seedlings to salinity stress: Effects 
of proline and betaine on heat 
inactivation of Rubisco 

Qian Qian 

China National Rice Research Institute 
People’s Republic of China 

Coordinated gene responses to salt stress 
in rice ( Oryza sativa L.) 

Subject: Evaluation and development of long-term conservation techniques of genetic resources of vegetatively propagated 
crops in the tropics and subtropics 

Nguyen Tien Thinh 

Nuclear Research Institute 

Vietnam 

Cryopreservation of taro ( Colocasia 
esculenta ) shoot tips by encapsulation / 
dehydration 
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Pius Michael Kyesmu 

University of Jos 

Cryopreservation of shoot apices of 


Nigeria 

Dioscorea species by vitrification 


from October 1997 to September 1998 

Subject: Development of techniques for environmental control by using plants and microorganisms specific to the tropics and 
subtropics 

El-Khawas Hussein Moustafa 

Cairo University 

Egypt 

Utilization of plant growth promoting rhizobacteria 
(PGPR) for promoting plant growth and saving fertilizer 

Wang Bujun 

Institute of Crop Breeding and 
Cultivation 

People’s Republic of China 

Associations between methane emission and 
methanogenic and methanotrophic bacteria in flooded 
soil as affected by rice cultivars 

Nora S. Meneses 

La Granja Agricultural Research and 
Extension Center 

Philippines 

Biological control of pest insects of Gramineae 

Subject: Studies on the mechanism of heat tolerance of tropical and subtropical crops 

Liu Jian 

Shandong Teachers' University 

Institute of Plant Stress 

People’s Republic of China 

The expression of the heat tolerance-relative genes in 
tomato reproductive organs 

Identification and evaluation oj 

salt-tolerant crops 

1 

Safdar Hussain Shah 

Agricultural Research Station at 
Dhodial, Mansehra 

Pakistan 

Physiological, biochemical and genetic characterization 
of salinity tolerance in rice 

Li Chengyun 

Plant Protection Research Institute 
People’s Republic of China 

Selection and detection of salt-responsive mutants in rice 
(i Oryza sativa L.) 

Sumanasinghe 

V ithanaarachchige 

Ariyawanse 

University Peradeniya 

Sri Lanka 

Expression and evaluation of salinity stress related genes 
in Oryza sativa L. 

Masood M. Shahid 

National Agricultural Research Center 
Pakistan 

Identification and evaluation of salinity tolerance in rice 
(Oryza sativa L.) using molecular markers 

Bakhtiyor Yakubov 

Institute of Genetics 

Uzbekistan 

Molecular study of the heat-shock inducible genes in a 
highly heat-tolerant variety of Brassica oleracea var. 
capitata L. 

Subject: Evaluation and development of long-term conservation techniques of genetic resources ofvegetatively propagated 
crops in the tropics and subtropics 

Narinder Pal Singh Dhillon 

Punjab Agricultural University 

India 

RAPD and AFLP analysis of genetic diversity in sweet 
potatoes ( Ipomea batatas L.) 
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4) JIRCAS Visiting Research Fellowship Program at Tsukuba 



JIRCAS Visiting Research Fellowship Program at 
Tsukuba 


A program similar to the Okinawa Visiting Research Fellowship Program has been implemented on the Tsukuba premises 
since October, 1995. The Tsukuba Visiting Research Fellowship Program aims to promote collaborative research to address 
various problems confronting countries in developing regions. The program allows for the invitation of six to eight researchers 
per year. Four researchers engage in two-year projects at JIRCAS and two to four researchers conduct short five-month 
projects at the National Institute for Agrobiological Resources (NIAR). Recent invitees and their research activities are noted 
below. 


Photo : Tsukuba Fellows conduct experiments with the help of JIRCAS staff members in the state-of-the-art Biotechnology Unit at JIRCAS 
headquarters in Tsukuba, Japan. 


Long-Term Tsukuba Fellows at JIRCAS from October 1996 to September 1998 

Subject: Methods for optimum utilization of biological resources 

Zabta Khan Shinwari 

National Agricultural Research Center 
Pakistan 

Analysis of plant responses to environmental 
stresses and gene expression 

Gassinee Trakoontivakom 

Kasetsart University 

Thailand 

Development of practical methods for the 
evaluation of the quality of indigenous crops and 
for the analysis of components and functionality of 
foods 

Subject: Analysis and evaluatic 

n of the impact of climatic and anthropogeni 

factors on environmental resources 

Qian Minze 

Tsinghua University 

People’s Republic of China 

Relation between climatic changes and biomass in 
agro-ecosystems 

Yang Hao 

The Institute of Soil Science 

Academia Sinica 

People’s Republic of China 

Investigations of the process of rock-weathering 
through the analysis of rock surfaces by electron 
spectroscopy 


Long-Term Tsukuba Fellows at JIRCAS from October 1997 to September 1999 

Subject: Methods for optimum utilization of biological resources 

Mohammad Masud Parvez 

Bangladesh Agricultural Institute 

Bangladesh 

Analysis of plant responses to environmental 
stresses and gene expression 

Vuong Dinh Tuan Cuulong Delta Rice Research Institute 

Vietnam 

Analysis of plant responses to environmental 
stresses and gene expression 

Subject: Analysis and evaluation of the impact of climatic and anthropogenii 

factors on environmental resources 

Li Zhong 

Institute of Soil Science 

Academia Sinica 

People’s Republic of China 

Relation between climatic changes and biomass in 
agro-ecosystems 

Muhammad Akhtar Abbas 

University of Agriculture at Faisalabad 
Pakistan 

Development of techniques for environmental and 
resource assessment, including remote sensing and 
GIS 


Short-Term Tsukuba Fellows at NIAR from September 1997 to March 1998 

Konarev Alexander 

All Russian Institute for Plant Protection 
Russia 

Methods for the analysis and preservation of plant 
biodiversity 
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PUBLISHING AT JIRCAS 

PUBLISHING AT JIRCAS during FISCAL YEAR 1997 


Official JIRCAS Publications 


In English 

1) JIRCAS Journal for Scientific Papers 

No. 5 

2) JARQ 

(Japan Agricultural Research Quarterly) 

Vol. 32 - No. 1 

Vol. 31 - No. 2, No. 2, No. 3; 

3) Annual Report 

No. 3 (1996) 

4) JIRCAS Newsletter 

No. 11, No. 12, No. 13, No. 14 

5) JIRCAS International Symposium Series 

No. 5 Biosafety Results of Field Tests of Genetically 

Modified Plants and Microorganisms 

No. 6 Sustainable Agricultural Development Compatible with 
Environmental Conservation in Asia 

6) JIRCAS Working Report 

No. 10 Status and Requirement of Minerals in Ruminants in 
Thailand: Current Knowledge and Future Research 

No. 11 Comparative Studies on Phosphorous and Iron 

Nutrition of Tropical Legumes 
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PUBLISHING AT JIRCAS 


In Japanese 

1) JIRCAS News 

No. 11, No. 12, No. 13, No. 14 

2) JIRCAS Working Report 

No. 7 Agriculture and Soybean in South America: Present and 
Future 

No. 8 Changes in Food Supply and Demand in China under 
Economic Reform 

No. 9 Review and Comparison of Land-Surface Models for 
Evaluating Large Scale Evapo-Transpiration 

3) JIRCAS International Agriculture Series 

No. 4 Tropical Fruit Trees and Their Utilization 

4) JIRCAS Research Highlights 

No. 4 


OFFICIAL HOLDINGS of the JIRCAS LIBRARY 

(Between April 1,1997 - March 31, 1998) 



BOOKS 

PERIODICALS 

(titles) 

MATERIALS 
(Proceedings, maps, 

etc.) 


Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Japanese 

44 

260 

304 

43 

450 

493 

5 

450 

455 


(15) 

(1) 

(16) 

(29) 

(8) 

(37) 




Foreign 

50 

390 

440 

110 

570 

680 

10 

200 

210 


(2) 

(0) 

(2) 

(28) 

(11) 

(39) 
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Total 

94 

650 

744 

153 


(17) 

(1) 

(18) 

(57) 


1020 

(19) 


() Indicates separate holdings of the Okinawa Subtropical Station. 
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JIRCAS STAFF FY 1997 


JIRCAS Staff during Fiscal Year 1997 


Contents 

Office of the Director General 

Research Planning and Coordination Division 

Administration Division 
Research Information Division 

Biological Resources Division 
Environmental Resources Division 
^ Crop Production and Postharvest Technology Division 

@ Animal Production and Grasslands Division 

Forestry Division 
^ Fisheries Division 
Okinawa Subtropical Station 

Part-Time Employees 


@ Office of the Director General @ 

Director General: Nobuyoshi Maeno 

return to top 
back to main contents 


@ Research Planning and Coordination Division $ 

Director: Keiji Ohga 

Research Planning Section 
Section Head: Mitsunori Oka 
Akinori Oshibe, Senior Researcher 
Kensuke Okada, Senior Researcher 
Marcy N. Wilder, Researcher 
Eizo Tatsumi*, Researcher 

Research Coordination Section 
Section Head: Masahito Sato 
Shoichi Kawasugi, Senior Researcher 

International Relations Section 
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JIRCAS STAFF FY 1997 


Section Head: Kenji Kataoka 
Tomohide Sugino, Senior Researcher 
Takeshi Urao*, Senior Researcher 

International Research Coordinator 

Masaaki Suzuki, Representative to Thailand 

Research Information Officer 

Tadahiro Hayashi, Information Engineering 

Publication and Documentation Section 

Chuichi Sato, Chief Librarian 
Kiriko Hashimoto, Librarian 

;•/: il VIettmi &'•!<% *;;• /: j; . 

back to main contents 


@ Administration Division @ 

General Manager: Akihiko Nishiyama 

General Affairs Section 
Section Chief: Toshio Umemoto 
Harumi Yakushiji, Assistant Section Chief 
(Hisashi Hashimoto*, Assistant Section Chief) 
Yoshihiro Saito, Section Manager 
Yukie Kuwahara, Section Officer 
Takeshi Kubo, Personnel Head 
Makoto Suzuki, Personnel Officer 
(Nobuo Shinotsuka*, Personnel Officer) 
Yoshiaki Takamatsu, Social Affairs Head 

Accounting Section 
Section Chief: Masami Sakamoto 
Teruki Kurihara, Assistant Section Chief 
Katsuhiro Inuzuka, Financial Manager 
Nobuo Shinotsuka, Financial Officer 
(Makoto Suzuki*, Financial Officer) 
Hiroyuki Okubo, Accounting Manager 
Junko Kondo, Accounting Officer 
Yoshiwo Tanaka, Auditing Head 
Tetsuo Yamada, Supplies/Equipment Manager 
Tomonori Ichinose, Supplies/Equipment Officer 
Mutsuo Sato, Transportation 
Koji Abe, Facilities Manager 
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Overseas Staff Support Section 

Section Chief: Yoshinori Tanaka 
Fumikazu Kenmochi, Overseas Affairs Officer 
Hideko Shimada, Overseas Operations Overseer 
Hiroshi Tanaka, Overseas Expenditures Officer 
(Kazunori Eguchi*, Overseas Expenditures Officer) 
Joji Ikeda, Overseas Shipments Overseer 
Kazutoshi Tateyama, Officer Stationed Overseas 

return to top 
back to main contents 


^Research Information Division @ 

Director: Kunio Tsubota 

International Research Coordinators 

Kozo Fujisaki*, Veterinary Pathology 
Hisataro Horiuchi, Farm Economics 
Makie Kokubun, Agronomy 
Sho Kosugi, Rural Socio-Economics 
Osamu Koyama, Agricultural Economics 
Shigeo Matsui, Agronomy 
Yoshihiko Nawa, Food Biochemistry 
Akinori Noguchi*, Food Engineering 
Hiroko Takagi-Watanabe, Plant Breeding 

Research Staff 

Junko Goto, Rural Development 
Hiroaki Kobayashi, Agricultural Economics 
Minoru Tada*, Agricultural Economics 
Yasuharu Yamada, Geographic Information System 

return to top 
back to main contents 


@ Biological Resources Division & 

Director: Teruo Ishige 
Tomohiro Ban, Wheat Breeding 
Takaharu Hayashi*, Plant Pathology 
Tokio Imbe, Rice Breeding 
Masanori Inagaki, Wheat Breeding 
Kazuo Ise, Rice Breeding 
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Koshun Ishiki*, Plant Genetic Resources 
Mie Kasuga, Biochemistry 
Hiroshi Kato, Rice Breeding 
Hiroshi Nakano, Plant Nutrition 
Masaaki Nakano, Plant Pathology 
Kazuo Nakashima, Plant Molecular Biology 
Kazuhiro Suenaga, Wheat Breeding 
Takeshi Urao, Plant Molecular Biology 
Iwao Watanabe*, Crop Physiology 
Kazuko Yamaguchi-Shinozaki, Plant Molecular Biology 

return to top 
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© Environmental Resources Division © 

Director: Tadao Hamazaki, 

(Director: Katsuyaki Minami*) 

Shotaro Ando, Soil Microbiology 
Tamao Hatta, Geology 

Yasukazu Hosen, Soil Physics and Chemistry 
Masayuki Imaizumi*, Water Management 
Takayuki Ishikawa, Plant Physiology 
Osamu Ito, Plant Physiology 
Ken-ichi Kanda, Soil Fertility 
Motohiko Kondo, Soil Fertility 
Naruo Matsumoto, Environmental Conservation 
Hiroyuki Ohno, Meteorology 
Satoshi Tobita, Plant Nutrition and Physiology 
Satoshi Uchida, Remote Sensing and GIS 
Kazuyuki Yagi, Bio-geochemistry 
Yukiyo Yamamoto, GIS and Remote Sensing 
Takeshi Watanabe, Soil Chemistry 

return to top 
back to main contents 


©Crop Production and Postharvest Technology Division^ 

Director: Akinori Noguchi 
(Director: Koji Kawashima*) 

Hiroyuki Hiraoka, Agronomy 
Naoki Horikawa, Water Management 
Kazunori Igita, Soybean Breeding 
Nobuyuki Kabaki, Agronomy 
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Yuji Kogo, Soil Mechanics . 

Tadao Kon*, Agronomy 
Seiichi Moriya, Insect Physiology 
Kazuhiko Nakahara, Food Chemistry 
Satoshi Nakamura, Insect Ecology 
Souichi Nakayama, Weed Ecology 
Sayuki Nikkuni, Fermentation 
Takahito Noda, Plant Pathology 
Yoshiyuki Shinogi, Soil Physics 
Kazushige Sogawa, Insect Ecology 
Eizo Tatsumi, Food Science 
Akihiko Takahashi*, Insect Ecology 
Shigemi Yagi, Insect Physiology 
Ryuichi Yamada, Agricultural Economics 
Emiko Yamamoto, Nematology 
Ryoichi Yamazaki*, Agricultural Economics 
Tadashi Yoshihashi, Food Evaluation 

Field Management Section 

Haruo Tamura, Chief 
Takashi Komatsu, Field Operator 
Akio Yoshida, Machine Operator 

return to top 
back to main contents 


@ Animal Production and Grasslands Division @ 

Director: Eitaro Imaizumi 
Yasuo Ando, Plant Pathology 
Tsutomu Kanno, Pasture Ecology 
Tomoyuki Kawashima, Animal Feeding 
Hiroshi Kitani, Cell Biology 
Kiyomi Kosaka, Animal Nutrition 
Yutaka Matsubara*, Animal Immunology 
Kenji Sato, Grassland Management 



Shinobu Yoshihara*, Animal Parasaitology 




return to top 




back-to main contents 
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@ Forestry Division & 

Director: Kiyoshi Tanaka 
Tasturo Kawasaki, Silviculture 
Kazuma Matsumoto, Entomology 
Motoe Miyamoto, Social Forestry 
Yukihito Ochiai, Silviculture 
Shiro Okuda, Silviculture 
Shozo Sasaki, Forest Engineering 
Ryohei Tanaka, Cellulose Chemistry 
Koichi Yamamoto, Wood Science 
Akihiko Yokota, Mycology 

return to top 
back to main contents 1 • 


^ Fisheries Division ^ 

Director: Shiroh Uno 
Yutaka Fukuda, Food Chemistry 
Shigeo Hayase, Coastal Ecology 
Junya Higano, Coastal Ecology 
Norihisa Oseko, Fish Pathology 
Satoshi Suyama, Fish Biology 
Marcy N. Wilder, Crustacean Endocrinology 

return to top 
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^Okinawa Subtropical Station t 

Director: Shigeo Yashima 
(Director: Tadaaki Yamashita*) 
Associate Director: Masaharu Yajima 

General Affairs Section 

Section Chief: Tetsuro Kayano 
Kazuomi Asanuma, Section Manager 
Yuichiro Ito, Section Officer 
Makoto Yamazaki, Transportation 
Kaori Fujimoto, Accounting Head 
Hisashi Harima, Accounting Officer 
Fumihiko Hisada*, Accounting Officer 
Hideki Yoneyama, Accounting Officer 
(Satoshi Kawamitsu*, Accounting Officer). 
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International Collaborative Research Section 

Head: Takaharu Hayashi, Plant Virology 
Katsuki Adachi, Soil Microbiology 
Koshun Ishiki, Plant Breeding and Genetic Resources 
Mariko Shono, Plant Morphology 
Hiroko Takagi-Watanabe*, Plant Breeding and Genetic Resources 
Satoshi Tobita*, Plant Nutrition and Physiology 
Seiji Yanagihara, Plant Breeding 

Crop Introduction and Cultivation Laboratory 

Head: Yoshinobu Egawa, Plant Genetic Resources 
Katsumi Suzuki, Plant Morphology 
Hiroyuki Takeda, Plant Physiology 

Crop Breeding Laboratory 

Head: Masahiro Okamoto, Rice Breeding 
Shunsuke Oda, Wheat Breeding 
Takayoshi Terauchi, Crop Breeding 

Tropical Fruit Tree Laboratory 

Head: Tetsushi Hidaka, Photosynthesis 
Hiroshi Fukamachi, Pomology 
Sadao Komori, Fruit Tree Breeding 

Crop Protection Laboratory 

Head: Chiyoichi Noda, Plant Virology 


Katsuyuki Kono, Entomology 
Tetsuo Maoka, Plant Virology 
Keiichi Takahashi, Entomology 



Tomio Usugi, Plant Virology (Dispatched Researcher) 


Soil Fertility Laboratory 



Head: Kazuo Sugahara, Soil Science 
Yosinari Ohwaki, Soil Science 

Field Management Section 

Head: Yoshimitsu Katsuda, Crop Breeding 
Masakazu Hirata, Machine Operator 
Hirokazu Ikema, Machine Operator 
Eiichi Kuroshima, Machine Operator 
Seisho Maetsu, Machine Operator 
Yuho Maetsu, Machine Operator 
Yasuteru Shikina, Machine Operator 
Masato Shimajiri, Machine Operator 
Koji Yamato, Machine Operator 
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return to top 


back, to main contents 



@ Part-Time Employees @ 

Nearly 90 persons are working at JIRCAS as non-permanent staff. The serve as editorial advisors 
for many of JIRCAS’s publications, perform much of the institute’s secretarial work, function as 
laboratory technicians, and maintain the buildings and laboratories. Their services to JIRCAS are 

highly valued. 

return to top 
back to main contents 


* Indicates transfer within JIRCAS, relocation, or retirement during the Fiscal Year covered by this 
Annual Report. 

(^Indicates a previous position holder. 
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RESEARCH STAFF ACTIVITY during FISCAL YEAR 
1997 


Contents 

© Journal Articles, Book Chapters, and Monographs 

© Published Proceedings and Conference Presentations 

© Explanation of Symbols Used in Citations 


Journal Articles, Book Chapters, and Monographs 

9 Abe, H., Yamaguchi-Shinozaki, K., Urao, T., Iwasaki, T., Hosokawa, D. and Shinozaki, K. (1997). Role of Arabidopsis 
MYC and MYB homologs in drought- and abscisic acid-regulated gene expression. Plant Cell, 9: 1859-1868. 

^ Adachi, K., Chaitep, W. and Senboku, T. (1997). Promotive and inhibitory effects of rice straw and cellulose application 
on rice plant growth in pot and field experiments. Soil Science and Plant Nutrition, 43(2): 369-386. 

® Akiyama, H., Tsuruta, H. and Hosen, Y. (1998). NO and N 2 O emission from nitrogen fertilized soil (2): Flux from soil 
applied by coated Ca(N 03 ) 2 , Ca(N 03 ) 2 , and coated urea. Research Report of Division of Environmental Planning, National 
Institute of Agro-Environmental Sciences, 14: 39-45. (J) 

® Ban, T. (1997). Evaluation of resistance to Fusarium head blight in indigenous Japanese species of Agropyron (Elymus). 
Euphytica, 97(1): 39-44 . 

® Cai, Z., Xing, G., Yan, X., Xu, H., Tsuruta, H., Yagi, K. and Minami, K. (1997). Methane and nitrous oxide emissions 
from rice paddy fields as affected by nitrogen fertilizers and water management. Plant and Soil, 196: 7-14. 

® Chien, H. (1997). Food and agricultural prospects in china. Farming Japan, 31(3): 28-36. 

^ Chien, H. (1997). Meat trade and pork production in Sichuan Province, China. In: Production and Marketing of Pork in 
China, Agriculture and Livestock Industries Corporation: 23-43. (J) 

^ Chien, H. (1997). Rice supply and demand in China: Trends and perspectives. Journal of Rural Issues, 45: 40-50. (J) 

^ Chien, H., Irie, N. and Nakagawa, M. (1998). Changes in food supply and demand in China under economic reform. 
JIRCAS Working Report, 8: 1 -28, 51 -61. (J) 

^ Cole, C. V., Duxbary, J., Freney, J., Heynemeyer, O., Minami, K., Mosier, A. and Rosenberg, N. (1997). Global 
estimates of potential mitigation of green house gases. Nutrient Cycling in Agroecosystems, 49: 221-228. 

^ Dianou, D., Espiritu, B.M., Adachi, K. and Senboku, T. (1997). Isolation and some properties of methane-oxidizing 
bacteria from a subtropical paddy field. Soil Science and Plant Nutrition, 43(3): 735-740. 

^ Egawa, Y., Bujang, I.B., Chotechuen, S. and Tomooka, N. (1997). Origin of a tetraploid Asian Vigna species, V. 
glabrescens. GRP Newsletter: 29. 

^ Espiritu, B.M., Adachi, K. and Senboku, T. (1997). Effect of application of rice straw and cellulose on methane emission 
and biological nitrogen fixation. (Ill): Populations of methane-oxidizing bacteria in soil and rice rhizospheres. Soil Science 
and Plant Nutrition, 43(3): 729-734. 

^ Fukamachi, H., Komori, S. and Hidaka, T. (1997). Photosynthesis in mango. Okinawa Agricultural Research, 36: 
32-33. (J) 

® Goto, J. (1996). Agriculture and the environment in Australian LANDCARE. National Research Institute of Agricultural 
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Economics, 29: 127-137. (J) 

^ Goto, J. (1997). Integrated farming systems development in the Mekong Delta, Vietnam. Informative Bulletin of the 
Association for International Cooperation of Agriculture & Forestry, 19(6): 23-31. (J) 

^ Goto, J. (1997). Rural development in the developing world: A review of the postwar history of Japanese official 
development aid. Journal of the Rural Planning Association, 16(1): 40-48. (J) 

^ Goto, N., Kato, H., Maeyama, J., Shibano, M., Saito, T., Yamaguchi, J. and Yoshihara, S. (1997). Local tissue-irritating 
effects and adjuvant activities of calcium phosphate and aluminum hydroxide with different physical properties. Vaccine, 
15(12-13): 1364-1371. 

^ Hanano, Y., Fujii, Y., Sato, K., Osozawa, S. and Fujihara, S. (1998). Weed control using hairy vetch (Vida villosa 
LOTH.) in the Shikoku area: Vegetation tests and field survey from 1993 to 1997. Bulletin of the Shikoku National 
Agricultural Experiment Station, 62: 45-70. (J) 

^ Hatta, T. (1997). Surface analysis techniques of minerals using XPS (ESCA). Journal of the Mineralogy Society Japan, 
26(4): 198-202. (J) 

^ Hatta, T. (1997). Surface analysis. Journal of the Japanese Society of Food Science and Technology, 44(7): 533-534. (J) 
• Hatta, T. (1997). The World of Clay (Clay Science Society of Japan), KDD Publishing, Tokyo: 118-122. (J) 

^ Hatta, T. and Kainuma, K. (1997). Surface analysis of saccharides by high resolution XPS. Isotope News, 1997(7): 6-7. 

(J) 

9 Hiraoka, H. (1998). Compromised direct seeding culture of rice in the northern islands of Japan. Ine-no-Shoryokuka 
Gijutsu-Japan Agricultural Development and Extension Association: 201-209. (J) 

^ Hosen, Y., Tsuruta, H. and Minami, K. (1998). Effects of the depth of NO and N 2 0 production in soil on their emission 
rates into the atmosphere: Verification of the effects of deep fertilizer application by laboratory experiments. Research Report 
of the Division of Environmental Planning, National Institute of Agro-Environmental Sciences, 14: 79-88. (J) 

0 Imagawa, T., Fukuhara, M. and Watanabe, T. (1997). A monitoring method of land cover/land use change in Naiman, 
Inner Mongolia Autonomous Region, China, using Landsat data. Japan Agricultural Research Quarterly, 31: 163-169. 

^ Imbe, T., Oba, S., Yanoria, M. J. and Tsunematsu, H. (1997). A new gene for blast resistance in rice cultivar, IR24. Rice 
Genetics Newsletter, 14: 60-61. 

^ Imura, M., Kosaka, T., Sato, K., Noda, H. and Kawano, M. (1998). Stable performance of grazing steers and conditions to 
sustain good vegetation on Zoysia type grassland in the Shikoku District. In: Research on Grassland Dynamics (Fifth Interim 
Report). Miscellaneous Publications of the National Grassland Research Institute: 9-12. (J) 

^ Inagaki, M. N., Nagamine, T. and Mujeeb-Kazi, A. (1997). Use of pollen storage and detached-tiller culture in wheat 
polyhaploid production through wide crosses. Cereal Research Communications, 25(1): 7-13. 

^ Inagaki, M. N., Pfeiffer, W. H., Mergoum, M. and Mujeeb-Kazi, A. (1997). Effects of D-genome chromosomes on 
crossability of hexaploid triticale (X Triticosecale Wittmack) with maize. Plant Breeding, 116(3): 387-390. 

^ Ishiki, K. and Salgado, V. (1997). Root and tuber crops of the Incas (7): Information for the Promotion of Root and Tuber 
Crops, 50: 15-21. (J) 

^ Isobe, T., Shimizu, S., Yoshihara, S. and Suzuki, K. (1998). Immunoblot analysis of humoral immune responses to 
Leucocytozoon caulleryi in chickens. Journal of Parasitology, 84(1): 62-66. 

^ Itahashi, S., Tsuruta, H., Akiyama, H., Hosen, Y. and Eguchi, S. (1998). N 2 0 emission from nitrogen fertilized soil (3): 
Vertical distributions of gas concentrations in soils applied with calcium nitrate, coated calcium nitrate, or coated urea. 
Research Report of the Division of Environmental Planning, National Institute of Agro-Environmental Sciences, 14: 47-76. 

(J) 

^ Ito, O., Matsunaga, R., Tobita, S., Rao, T. P., Gayatri, D. and Lee, K. K. (1997). Minirhizotron observation of pigeonpea 
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root system after water logging. Japanese Journal of Crop Science, 66(2): 288-292. 

^ Ito, Y., Komori, S., Omura, M., Kanayama, Y., Yamaki, S. and Soejima, J. (1997). Tissue culture system for apple 
transformation and its usage. Cloning of Quality-Related Genes and Production of Transgenic Plants for Fruit Breeding: 
116-135.(J) 

^ Kanda, K. (1997). Manual of environmental agricultural technology (5): Sweet potato. Agriculture, 1362: 89-93. (J) 

^ Kanda, K., Kimiwada, K., Niimi, H., Suga, Y. and Ito, S. (1997). Estimation methods for the amount of nitrogen leached 
from upland. Kyushu Agriculture Research, 59: 57. (J) 

^ Kanno, T., Miura, Y., Tsuruta, H. and Minami, K. (1997). Methane emission from rice paddy fields in all Japanese 
prefectures. Nutrient Cycling in Agroecosystems, 49: 147-151. 

9 Kato, H. (1997). Development of hybrid rice in Malaysia. JIRCAS/MARDI/MADA Collaborative Study Final Report 
(1994- 1997). 

^ Kawashima, T., Henry, P. R., Ammerman, C. B., Littell, R. C. and Price, J. (1997). Bioavailability of cobalt sources for 
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( see staff list) or STA post-doctoral fellows ( see fellowship explanation ) atJIRCAS during FY1997. 
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Message from the Director General 

Toward Global Partnership in Agricultural Research 



Director General 

Nobuy oshi Maeno 


On August 1, 1996,1 became the second Director General of the Japan International Research Center for 
Agricultural Sciences (JIRCAS) after succeeding Dr. Keiji Kainuma who retired from the Ministry after 
a service of 37 years. Under the dynamic leadership of Dr. Kainuma, the former Tropical Agriculture 
Research Center was reorganized into JIRCAS and the difficult task of setting up a new structure was 
eventually accomplished. 

During the three-year tenure of Dr. Kainuma, JIRCAS activities were re-oriented and re-defined along 
the lines of its new role as an international research center. New research facilities, including a 
biotechnology unit and fisheries science and Earth science laboratories (highlighted in Annual Report 
1994), were constructed to enhance domestic research activities and to strengthen support for overseas 
activity. In early 1994, a new type of project, the “Integrative-type” Comprehensive Research Project 
was initiated; these projects, currently being implemented in Vietnam, Thailand, Malaysia, and Brazil 
(for more detail, see Research Overview section), aim to unite the activities of research scientists and 
experts in wide-ranging agricultural fields to achieve common objectives. In addition, the scope of 
specific research activity was expanded to include activities in regions which had not been previously 
targeted for research collaboration, such as Kazakhstan in Central Asia and the subtropical areas of 
Brazil. Finally, under Dr. Kainuma, the JIRCAS Visiting Research Fellowship Program at Tsukuba was 
inaugurated in the Fall of 1995, and close relations between JIRCAS and the Japan International 
Cooperation Agency (JICA) were further advanced. 

At present, JIRCAS activities are being expanded and promoted according to a basic strategy developed 
during the past three years as described below. 

Fig. 1 Research Collaboration with CGIAR centers (83KB) 

Expansion of areas targeted for research collaboration 

With the reorganization of TARC into JIRCAS, areas targeted for research collaboration were expanded 
beyond the tropical and subtropical areas focused on at TARC to include all developing regions. 
However, the tropics and sub-tropics remain important regions in which to work, and budgetary 
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constraints necessitated the establishment of priorities. Presently, research collaboration with Asian 
nations comprises 80% of total activity; this is partly based on geographical considerations and cultural 
similarities. Although current research activity in Africa and Latin America occurs mainly in 
collaboration with the Consultative Group on International Agricultural Research (CGIAR) centers, in 
the future, JIRCAS may expand relations with these countries to include other organizations. 

Importance of research related to information systems and socio-economic aspects 

In selecting research themes relevant to the needs of the targeted countries and regions, it is necessary to 
comprehensively collect, process and analyze; only by considering agriculture, forestry and fisheries as a 
whole, is it possible to effectively implement projects. Moreover, it is essential to develop technology 
compatible with the socio-economic conditions of each region. To reach these objectives, it is important 
to promote information activities aimed at integrating social and natural sciences as they relate to 
agriculture, forestry and fisheries activity. 

Multidisciplinary versus unidisciplinary approach 

Due to the complexity of the many agricultural ecosystems and societies in regions targeted by JIRCAS, 
it is urgent to adopt a systematic and integrated strategy for sustainable agricultural development rather 
than an isolated and fragmentary approach. Therefore, efforts should be made toward promoting 
comprehensive projects on a multidisciplinary basis in addition to pursuing specific, focused topics. 
Research on information science and socio-economic aspects of agricultural activity should be carried 
out in the context of the drafting and implementing of integrated projects. 

Overseas research activity and domestic research 

TARC adopted a strategy of dispatching researchers abroad to carry out collaborative research in targeted 
areas. This system has been essentially maintained, but certain activities abroad require the support of 
advanced research and the use of sophisticated instruments. Often such research activity is most 
effectively performed domestically. In order to strengthen JIRCAS's capacity to carry out advanced 
studies, JIRCAS has established the new research facilities delineated above. JIRCAS researchers are 
also able to utilize equipment and facilities of other MAFF institutes located in the Tsukuba Institutional 
Complex. As overseas and domestic research become more closely linked, the development of such a 
cooperative system will help alleviate many of the difficulties associated with carrying out research in 
developing areas. 

Development of human resources (training programs and fellowships) 

The development of sustainable agriculture in any region depends on the establishment of a pool of 
highly trained personnel. JIRCAS recognizes that there is a need to train researchers who can fulfill such 
requirements. JIRCAS currently sponsors two types of fellowships: the JIRCAS Visiting Research 
Fellowship Program at Tsukuba and the JIRCAS Visiting Research Fellowship Program at Okinawa. 
Under these programs, invited researchers are able to take advantage of advanced facilities in an 
environment conducive to research. These programs aim at enhancing the capabilities of the research 
fellows while promoting cooperative research with JIRCAS researchers. It is expected that upon 
returning to their respective countries, the fellows will become core counterparts for further research 
collaboration with JIRCAS. 
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Priorities for the future 


During the past three years, JIRCAS activities have become widely recognized within the international 
agricultural research community and numerous countries have requested JIRCAS to engage in joint 
research projects. Such collaboration based on partnerships with other MAFF institutes, CGIAR centers, 
and related research organs will help pave the way toward establishing a global partnership dedicated to 
the establishment of sustainable agriculture, productive forestry and fisheries activities and the 
preservation of the environment. 

Yet in the future, staff size and budgetary constraints will limit, and in some ways determine, our 
activities. Therefore, it will be essential for JIRCAS to fully utilize its comparative advantages, 
establishing research priorities that make the best use of its human and technical resources while 
considering the capabilities and the needs of the target countries and regions. 

Note about Annual Report 1996 

While including summaries of JIRCAS research activity around the globe, in continuation of last year's 
focus on projects in Latin America, Annual Report 1996 will highlight recent projects in Africa. In 
addition, however, 1996 marked the beginning of JIRCAS's first collaborative project in Central Asia, 
with the signing of a research agreement with Kazakhstan as is introduced in the Highlights section. 

Continue to Highlights from 1996 
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HIGHLIGHTS FROM 1996 

This past year was marked not only with success in longstanding research activities but also by the 
establishment of several promising new projects. Important new studies will include research on 
soybeans in South America, food supply and demand in China, and shrimp viral disease in South East 
Asia and Oceania. In addition to these new projects in regions with a long history of collaboration with 
JIRCAS, however, 1996 also marked the intensification of research efforts in Africa and the beginning of 
joint projects with Central Asian countries. 

IMPORTANT NEW PROJECTS 

(1) Comprehensive studies on soybean improvement, production and utilization in South America 

The soybean, Glycine max, is considered one of the four major crops essential for human life, especially 
as an oil resource for human consumption and as a protein resource for livestock feed. At present the 
increase of soybean production is important for the stabilization of the world food supply. However, 
there is no international research institute devoted to soybeans, although there are several international 
research institutes for other major crops such as wheat, maize, rice, coarse grain cereals and root crops 
under the Consultative Group on International Agricultural Research (CGIAR). 

Soybean production in South America, mainly in the MERCOSUR (South American Common Market 
including Brazil, Argentina, Uraguay, and Paraguay) countries, amounts to approximately one third of 
the total world production. Thus the MERCOSUR nations play a major role as leading soybean export 
countries. However, soybean production in the MERCOSUR countries has been mostly carried out under 
environmentally vulnerable conditions such as in arid, acid soils with low-fertility level. In addition, the 
history of soybean production in these countries is relatively short since cultivation was initiated on a 
large scale only in the 1960s. Scientists anticipate that in the future, continuous cropping, outbreaks of 
diseases and pests and soil erosion will retard growth, adversely affecting soybean production in this 
area. Therefore, a comprehensive, multinational research project focused on the development of 
sustainable and more efficient systems of soybean production in the MERCOSUR countries is important 
to address these constraints. 

The research project entitled “Soybean improvement, production and utilization in MERCOSUR 
countries of South America” places special emphasis on the following topics: (1) to strengthen the 
collaboration with JICA, and to utilize CETAPAR (Centro Technologico Agropecuario en Paraguay) as 
the main research site of the project (2) to carry out multidisciplinary studies on soybean improvement 
and development in the MERCOSUR countries by collaborating with researchers from Japan and South 
American countries. 

Research areas for implementation are as follows: (1) genetics and breeding (2) soil management and 
pest control (3) crop management and production (4) postharvest technology (5) socioeconomic aspects. 

This project is planned to last 10 years starting from April, 1997. During the first year (FY 1997), details 
of the project will be decided in consultation with counterpart organizations in MERCOSUR countries. A 
first seminar relating to the project will be held in early 1998. 
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Photol:Brird's eye view of JIRCAS. (44KB ) 

Photo2:World map showing JIRCAS intemationl research activity in the lobby of the JIRCAS Main 

Building. (17KB) 

Continue to Highlights 
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(2) Comprehensive studies of China’s future food production and demand 

The first comprehensive project with China is scheduled to be established on May 28, 1997, marking the 
beginning of JIRCAS’s fifth comprehensive project. It will commence with joint signing among 
JIRCAS, the Agriculture, Forestry and Fisheries Research Council of the Ministry of Agriculture, and the 
People’s Republic of China at the 16th meeting of the Japan-China Agricultural Science and Technology 
Exchange Group in Tokyo, and is scheduled to continue for seven years. 

A report titled "Who Will Feed China? Wake-up Call for a Small Planet" (L. Brown: The World Watch 
Institute, 1995) triggered the heightened concerns over China's future food problems. Many Chinese and 
foreign researchers had made analyses and projections of China's food future, focusing most of their 
studies on the grain sector. However, the reports revealed little agreement on food production and its 
demand, most likely due to differences in assumptions, data and estimation approaches. Nevertheless, the 
following consensus materialized: food demand will increase continuously over the next three decades, 
and the supply will not meet the demand. Thus, an increase in import demand will accompany the 
increase in food demand. 

Major factors influencing production in China include area of cultivated land, yield of grains, poor 
quality of farmland, weak response to fertilizer and small-scale farm structure. It is inevitable that more 
farm land will be used for non-farm uses in the process of rapid economic development. Newly 
reclaimed land and an increase in the crop index do not seem to have halted the continued tendency 
towards a decrease in cultivated land area. The crop yield in China is significantly lower than in 
advanced countries. On the other hand, major factors influencing food demand will include the 
population expansion, population structure changes due to rural-urban migration, income growth, price 
of agricultural products and poor infrastructure. 

Consequently, due to population expansion and income improvement, the food demand in China will 
continue to rise. Agricultural production will not keep pace with increasing demand, due to inevitable 
resource shrinkage, and natural, structural, financial and economic constraints in the yield potentials. 

In order to respond to the increasing expectations for a high-quality diet caused by the development of 
the Chinese economy and the increase of people's purchasing power, this project aims to develop the 
technologies for sustainable production and utilization of major food resources in China such as rice, 
soybean, com and freshwater fishes. More specific objectives of this project are: 1) to establish an 
effective production and distribution system for agricultural produce in order to cope with the changing 
supply and demand structure of food, based on the following studies: 'evaluation of the dissemination of 
new technologies in selected areas and their effects on mral and individual farmers’ economy, a 
modeling of supply and demand of food in selected areas and the analysis of the structure of 
corresponding farming areas and agricultural products b design of a more sustainable and effective 
control system to improve supply and demand of major foods in selected areas; 2) development of 
technologies for sustainable and stable production of major food resources based on the following 
studies: 'the evaluation of existing gene resources and the creation of new species from these, athe 
development and evaluation of environment-friendly agricultural technologies; 3) development of food 
technologies for improved utilization and distribution of major food resources based on the following 
studies; 'the quality evaluation of major food resources and the development of new food ingredients 
from these, athe creation of improved preservation and distribution technologies for major food 
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resources. 

The topics of research subjects to be pursued in this project are shown below and the counterpart 
research institutes (Figure 1) will participate in joint studies as necessary to promote the further progress 
of the projects: 

Click here to continue Highlights 
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Figure 1: Counterpart research institutes which will participate in this project are shown geographically. 
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Development of technology for the diagnosis and prevention of shrimp viral disease 

Southeast Asia and Oceania are areas of great significance in world prawn culture production. The export 
of cultured shrimp and prawn provides these countries with substantial economic benefit. However, in 
recent years, the production of cultured shrimp has greatly decreased due to rapid disease outbreak. The 
increased severity of widespread viral infection is without a doubt the most significant threat to stable 
aquacultural production. 

In Thailand, the Philippines and Australia, several species of viruses, white-spot baculovirus (WSBV), 
yellow-head virus (YHV), and penaeid haemocytic rod-shaped virus (PHRV), have been recently 
isolated from diseased prawns under intensive aquaculture. These types of viruses have caused and 
continue to pose significant problems for the shrimp aquaculture industry. The countries of Southeast 
Asia and Oceania are continually faced with the danger of viral intrusion because of the practice of 
large-scale import and export of larval shrimps among countries in order to supply seed for prawn 
farming operations. If the seed derives from a viral-infested area, pathogens are likely to be brought in 
with the seed into pathogen free areas. 

Therefore, in order to ensure the stable production of cultured products, especially in the case of 
intensive culture, it is imperative to adopt preventive countermeasures against viral disease. At present, it 
is necessary to develop techniques for the accurate diagnosis of viral infection and identification of the 
source of the infection, as well as methods for viral inactivation. However, it is often the case that 
pathological and etiological characteristics of significant pathogens are insufficiently understood. 

The aim of this new international project is the development of preventive techniques to protect against 
viral intrusion; the project is scheduled to commence in FY 1997. The techniques which will be 
developed will enable accurate and quick diagnosis of prevalent shrimp viruses as a basis for the 
selection of appropriate inactivation methods using disinfectants, ultraviolet radiation and other means. 

Research will be executed according to a four-phase plan. First, field work will be conducted to examine 
the circumstances of disease occurrence, based on the collection of accurate etiological data. In the 
second phase, laboratory work will be carried out to purify and identify viral particles. In the third phase 
of this project, steps will be taken to develop virological, serological and genetic diagnoses for 
newly-classified diseases. In the final phase, trials will be conducted to establish effective disinfectant 
and control methods for major viral diseases. 

The collaborating partner in this project will be the National Institute of Coastal Aquaculture (NICA), 
Songkhla, Thailand, which is an institute belonging to Thailand's Ministry of Agriculture and 
Cooperatives. Songkhla is a locality greatly affected by prawn disease outbreaks. The institute itself 
boasts a large fisheries disease section with an active fish pathology staff and laboratories which are 
sufficiently well-equipped to undertake the studies forming the backbone of this project. Furthermore, 
the location of NICA will enable the convenient collection of samples and research material because of 
its proximity to major shrimp culture farms.On the Japan side, the National Research Institute of 
Aquaculture of the Fisheries Agency will lend support to this project through the dispatch of various 
specialists. 

As mentioned above, Southeast Asian countries are now faced with difficult problems relating to the 
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control of shrimp viral disease. This project will contribute to developing a rational means of prevention 
and control through basic and applied cooperative research. 

Continue to highlights 
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START OF RESEARCH COLLABORATION WITH KAZAKHSTAN 

Central Asia is one of the new research areas which has been targeted for collaboration following the 
reorganization of TARC into JIRCAS. Central Asia, which stretches from the Tianshan and Pamir 
mountains in the east to the lower reaches of the Volga River and the Caspian Sea in the west, covers 
more than four million kilometers over a vast steppe and desert with a wide range of temperatures. The 
area consists of five independent republics formed after the division of the Soviet Union in 1991: 
Kazakhstan, Uzbekistan, Kirghizstan, Tajikstan, and Turkmenistan. 

Traditional agriculture originally consisted of pastoralism and steppe and oasis agriculture in piedmont 
and desert areas. Currently, the following activities characterize agriculture in Central Asia: (1) settled 
cattle raising on grasslands (2) rainfed upland farming on the steppes of northern Kazakhstan (3) 
large-scale irrigation and oasis agriculture and (4) fish culture in river and lake basins. 

The main difficulties confronting agriculture in this country include the deterioration of the steppes and 
arable land, environmental problems in the Aral Sea basin, and the erosion of genetic resources. To 
combat these problems, research priorities are as follows: 1) to develop methods of sustainable crop 
production (primarily wheat) which preserve soil fertility in rainfed uplands 2) to alleviate environmental 
problems in the Aral Basin including soil salinization caused by agricultural activities such as cotton 
cultivation based on large scale irrigation, and water pollution arising from the overuse of agricultural 
chemicals and fertilizers and to 3) develop methods to conserve agricultural resources, including fruits, 
vegetables, cereals and forage crops as well as animals and fish in inland seas. 

MOU signing between JIRCAS and KIA 

In 1996, JIRCAS began collaboration with the Kazakh Institute of Agriculture (KIA) for a 5-year 
research project entitled, "Development of sustainable systems of grassland management and animal 
production in Central Asia." To initiate this joint project and as the last official mission of his tenure as 
Director General, in July of 1996 Dr. Keiji Kainuma, Director General of JIRCAS, visited Kazakhstan to 
sign a Memorandum of Understanding (MOU) between KIA and JIRCAS. Under this MOU, the first 
JIRCAS staff researcher, a pasture agronomist, joined the collaborative project at KIA, the first project 
implemented by JIRCAS in Central Asia. 

Photo:MOU-signing ceremony between JIRCAS and KIA. Dr.R.A.Urazaliev(left),KIA Director General 

and Dr.K.Kainuma(right),former Director General of JIRCAS. ( 14KB) 

Continue to Highlights. 
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AFRICA SPOTLIGHT 


International collaborative projects at JIRCAS encompass all the fields of agriculture, forestry and 
fisheries and are being carried out with counterpart institutions including international research 
institutions, national research centers and universities. As part of this year’s feature on research activities 
in African regions, the following pages provide an introduction to collaborative projects with three 
international research centers in Africa: ICIPE (International Center of Insect Physiology and Ecology), 
ILRI (International Livestock Research Institute), and WARDA (West Africa Rice Development 
Association). 

Background 

Until recently, JIRCAS had centered its efforts on Asia due to geographical and historical reasons. Asian 
regions attracted JIRCAS efforts because of their overly populated land areas with low farm investment 
and low level technologies. The share of Asia in the total JIRCAS collaboration still remains about 80 
percent in terms of both researchers dispatched and project budget allocations. JIRCAS scientists have 
had little difficulty working with Asian agriculture because of similarity of Japanese agriculture with 
monsoon paddy farming in other Asian regions. 

From its founding, JIRCAS has been little involved in the issues surrounding agricultural development in 
Africa. Africa may have simply been too far away to attract the interest of researchers. Extensive 
semi-dry farming of Sub-Sahara areas is still alien to many Japanese scientists, thus JIRCAS 
collaboration in Africa has been sporadic and confined to a few very specific research areas such as 
parasite-induced disease, desert locusts and drought resistant field crops. 

Recently, however, food and environmental problems in Africa have come to look far more serious than 
we had once thought. With its annual population growth of 3 %, very poor infrastructure and political 
instabilities, Sub-Saharan Africa is likely to suffer from chronic food shortages and malnutrition. 
Environmental degradation including desertification and urbanization could aggravate the situation, 
hitting hardest the poor segments of their societies. It may be high time that JIRCAS place more attention 
on African agriculture issues. 

Given its limited resources and experiences, JIRCAS set up a workshop in October 1996 to review the 
major issues at stake, leam lessons from the past projects and set priorities for future collaboration. The 
workshop held several meetings and issued an interim report as outlined later. Along with the workshop 
recommendations, JIRCAS plans to initiate collaborative research with WARDA while continuing 
valuable collaborative projects on specific subjects with broad applications. 

Soil sampling in a cowpea field at IITA Kano Station, Nigeria. (19 KB) 

(Photo : I. Watanabe) 

(1) Collaborative Research Project with ICIPE on African Locusts 

The International Center of Insect Physiology and Ecology (ICIPE), which operates under an 
international charter, was established in 1970 in Nairobi, Kenya. Its mandate is to conduct research and 
development in the area of arthropod science with the objective of improving food security, alleviating 
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poverty, improving human health, contributing to conservation of biodiversity and helping build the 
capacity of institutions and people in the tropical world, especially in Africa. Currently ICIPE has three 
major research programs — disease vector management, plant pest management and arthropod 
conservation and utilization —supported by five departmentaol units: behavioral biology and chemical 
ecology, applied ecology, pathology and microbiology, molecular biology and biochemistry and social 
science. 

On the way home from shopping in Niger. (30 KB) 

(Photo : T.Terao) 

ICIPE's work benefits developing countries in three major ways. First, through research and 
development, the technologies and improved practices that ICIPE develops contribute to improved 
human health and increased productivity in the agricultural and livestock sectors. In this respect, ICIPE's 
work with national agricultural research and extension systems in Kenya, Ethiopia, Zambia, Rwanda and 
Somalia has led to marked improvements in crops and/or livestock productivity in farmers' fields in these 
countries. Secondly, ICIPE makes a strong contribution to the development of human and institutional 
capacity in many developing countries, especially those in Africa. The capacity building programs are 
aimed at equipping scientists as well as front-line practitioners, including farmers, with the skills 
necessary to deal with pest and vector-related programs through the African Regional Postgraduate 
Program in Insect Science (ARPPIS), ICIPE collaborates with thirty African universities to train young 
scientists at the masters and doctoral levels. In addition, through the Practitioner Group Training courses, 
about 700 trainees from more than 50 countries have been trained since 1977. Finally, particularly in the 
last four years, ICIPE has helped farmers, especially women farmers, set up sericulture and apiculture 
based micro-enterprise projects. The objective here is to promote biodiversity conservation through 
profitable and sustainable utilization of silkmoths and honey bees 

Migrant pests such as locusts and grasshoppers invade vast areas of Africa in explosive outbreaks, 
sometimes causing total devastation of crops and denuding the environment. Among these pests, the 
desert locust, Schistocerca gregaria, presents a special challenge in integrated pest management (IPM). 
Basic research on the desert locust’s biology, behavioral and chemical ecology has provided new insights 
into crowding (gregarization) and suggested possible methods for controlling the swarming and 
migratory behavior of this important pest. Chemical ecology studies of the desert locusts in ICIPE 
provided several new pieces in the puzzle of locust behavior. Now scientists know that the pheromone 
system of the gregarious desert locust is a complex mixture of volatiles emitted by different 
developmental stages of the insects and their waste products. Phenylacetonitrile is the major component 
of the aggregation pheromone which keeps adult locusts in the gregarized phase. An interesting fact is 
that the adult aggregation pheromone plays a dual role as an aggregant for mature adults and as an 
accelerant of sexual maturation of immature adults. On the other hand, the nymphal aggregation 
pheromone retards maturation of the immature adult locusts. 

A collaborative research project between ICIPE and JIRCAS entitled, "Locust Management in East and 
Northeast Africa: Development of Biological IPM", has been in progress since 1995 and has focused on 
the role of neuroendocrine factors in the sexual maturation of the desert locust. A juvenile hormone 
mimic prevented adult emergence and prolonged the nymphal stage, at the same time reducing feeding 
activity. It stimulated, however, precocious mating behavior in the fifth instar nymphs. These results will 
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be expected to contribute not only to the promotion of basic research on locust reproductive physiology 
but also to the establishment of new control methods of locusts by insect growth regulators. This project 
will also identify new uses of edible insects such as locusts, grasshoppers, flies, termites and wild 
silkmoths in rural communities in East African countries. Research in the Maragoli area in Western 
Kenya has shown that villagers easily distinguish species and the emergence patterns of the termites. 
Cooked termites are sold not only in the local market but also in some open markets in Nairobi because 
they can be stored up to 4 days without spoilage. From preliminary surveys, termites play an important 
role in the daily food consumption in this area during the rainy season and during times of maize 
shortages. They may be especially valuable for children and pregnant women in need of high calories 
and enhanced nutrition. 

Continue to Africa Spotlight - (2) Collaborative Research at ILRI: Past and Present 
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(2) Collaborative Research at ILRI: Past and Present 
Merging of ILCA and ILRAD 

The International Livestock Research Institute (ILRI), sponsored by the Washington-based Consultative 
Group on International Agricultural Research (CGIAR), started its operation in January 1995. The 
Institute incorporates the resources, facilities and major research and outreach programs of two former 
CGIAR centers - the International Laboratory for Research on Animal Diseases (ILRAD, founded in 
1973 in Nairobi, Kenya) and the International Livestock Center of Africa (ILCA, founded in 1974 in 
Addis Ababa, Ethiopia). The work programs of ILRAD and ILCA have been consolidated, streamlined 
and reoriented. They now support an expanded, global mandate to conduct research on biological, animal 
and social sciences to improve livestock productivity in sustainable agricultural systems of developing 
countries. The new Institute, whose headquarters are in Nairobi, will be directly responsible for about 
two-thirds of all CGIAR livestock and livestock-related research in developing regions. ILRI will also 
lead the development of a major CGIAR initiative - the Systemwide Livestock Research Programme 
(SLP) - and participate in other related inter-center initiatives supported by the CGIAR. 

TARC/JIRCAS and collaborative research with ILRI 

Cooperative research between TARC and the former ILCA was initiated in 1980 to examine the genetic 
and physiological characteristics of trypano-tolerant cattle. This project has since ended, but it aimed to 
increase genetic potential in indigenous cattle stocks and to identify strains particularly tolerant to 
environmental stresses and disease. JIRCAS's current project, entitled “Biochemical characterization of 
membranes of lymphocytes infected with Theieria parva schizonts” was initiated with ILRAD in 1994 
and is now being conducted in cooperation with ILRI. 

At ILRI's Nairobi campus, researchers are developing a new vaccine against East Coast Fever (ECF), a 
deadly disease of cattle caused by a single-celled organism, Theileria parva. This parasite, transmitted by 
ticks, costs farmers in Africa more than US$ 170 million a year in direct losses. The potential of 
developing a vaccine using a protein referred to as p67, which is found on the surface of the sporozoite 
form of T. parva, has been intensely investigated. JIRCAS and ILRI researchers have found that p67 is a 
glycosylated protein and have inserted the p67 gene into Salmonella bacteria and vaccinia viruses along 
with a cytokine gene to enhance its effects. Inoculation of these harmless recombinant organisms into 
cattle has demonstrated that some cattle are protected against severe diseases after lethal challenge. 

However, prior to the current project, collaborative background research between ILRAD and TARC had 
been carried out since 1980. This collaboration focused on the characterization of Theileria parasites to 
improve epidemiological knowledge about the disease, to improve methods of diagnosis, and to develop 
a "live" vaccine against ECF that is now in use. During this period, TARC/JIRCAS dispatched eight 
long-term and seven short-term visiting scientists for this program. 

African cattle in Ethiopia. (Photo:K.Togashi) (33KB) 

The objective of the current cooperative study is to characterize the inflammatory reaction of the skin of 
cattle to the bite of the tick, which feeds on cattle blood and infects the animal with T. parva parasites. 
Since early interactions between the parasite and the bovine immune system have considerable bearing 
on the success of a vaccine based on "neutralizing" sporozoite parasite forms, a clear understanding of 
the environment into which sporozoites are delivered is important for the development of optimal 
vaccination strategies. JIRCAS and ILRI researchers have recently developed a means based on 
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immuno-histochemical methods of tracing the expression of T. parva antigens in tick salivary gland and 
have nearly completed an examination of this process. In addition, technology for the detection of 
parasite and bovine cytokine messenger RNA in the skin using non-radioactive in situ hybridization is 
being developed. These endeavors should allow researchers to further identify the mechanisms of T. 
parva infection. The above collaborative research is expected to deepen basic knowledge of the 
immunology of ECF and accelerate ILRI's development of a novel genetically engineered vaccine 
against ECF. 

Continue to Africa Spotlight - (3)Workshop on Africa agriculture and plans to initiate cooperation with 

WARDA 
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3) Workshop on African Agriculture and its interim report 

Because of their limited knowledge of African agricultural issues, JIRCAS and the Secretariat to the 
Agriculture, Forestry and Fisheries Research Council set up a workshop on African agriculture in 
October 1996. Its purpose was to review major issues in African agriculture, to learn lessons from the 
failures and successes of past research attempts, to establish research priorities for JIRCAS, and to 
examine possible collaborative projects. The workshop invited researchers, policy makers and aid 
agencies to participate in its discussions. 

Since its inception the workshop has had four meetings. JIRCAS scientists as well as guest speakers 
made presentations on the basis of their own experiences and/or research results. The main themes 
discussed in each meeting are shown in the Table below. 

1 st meeting (31 October 1996) 

■ agricultural preconditions and research activities in Africa 

■ food supply-demand in Africa and its main determinants 

2 nd meeting (2 December 1996) 

■ special characteristics of agricultural technologies required for development assistance 

■ rural development efforts at preventing desertification in Mali 

3 rd meeting (17 January 1997) 

■ environmental and resource problems in Africa with particular reference to the State of the 
World report 

■ a proposal for developing African-type integrated paddy fields in small catchment areas 

■ major issues and solutions for African agriculture; experiences of Sasagawa Africa 
Association 

4 th meeting (4 April 1997) 

■ Expectations for conributions from JIRCAS and African researchers towards African 
development 

■ proposals for rice farming development in West Africa 

After these meetings, the workshop issued an interim report intended to formulate a special research 
project for Africa. The report recommended that JIRCAS intensify its collaborative efforts in Africa 
because: (1) Aggravated by high population growth, poor economic performance, desertification, and 
urbanization, the food, environment and poverty situations in Africa are far more serious then any other 
region,; (2) Africa desperately needs its own version of “green revolution” to overcome the inherent 
problems of low productivity in agricultural production and marketing; (3) the international community 
increasingly wishes Japan to play much larger roles in addressing world poverty and environmental 
problems. 

The interim report suggested that given the current resource limitations, JIRCAS's collaborative 
researches in Africa should take into account the following points. First, they should focus on the 
development and extension of the technologies that are relevant to the local socioeconomic conditions, 
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technological levels and farming practices. It would be premature to embark on research requiring high 
technologies and expenditures. Second, although water is one of the most critical elements, priority 
should be given to research on small-scale irrigation and increased water efficiency in upland cropping 
rather than on large-scale, modem irrigated farming. 

Third, the recent trends in food balance and farmers’ income in Sub Saharan Africa indicate that research 
aimed at increasing the production and income from major food crops should be given first priority. In 
this regard, research on rice would be the area in which Japanese scientists could contribute most 
effectively. Fourth, the recent success in the hybridization of Oliza Sativa and Oliza Glaberrima at 
WARDA (West Africa Rice Development Association) is worth noting. Fifth, JIRCAS should continue 
collaborative research on individual subjects such as desert locusts or animal vaccines if they have broad 
application possibilities. 

On the basis of these suggestions JIRCAS planned to initiatecollaborative research with WARDA from 
1997 on the inter-specific hybridization of O. Sativa and O. Glaberrima. The workshop will continue its 
discussions envisaging the further expansion of JIRCAS activities in Africa. 

Continue to Highlights 
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ACADEMIC PRIZES AND AWARDS 


JIRCAS is pleased to note that in the past few years, many of our staff, including our Director General 
and two of our Research Division Directors have been the recipients of academic prizes and awards from 
scientific societies and organs of the media. The following is a brief summary of these achievements 
which we are proud to include in the Highlights of the 1996 Annual Report. 

Mr. Naruo Matsumoto, Researcher in the Environmental Resources Division received the 1997 
Encouragement Prize for Soil Science and Plant Nutrition awarded by the Japanese Society of Soil 
Science and Plant Nutrition for "Nitrogen flow assessment of an agricultural district." The award is given 
to a rising, young researcher as the Society's recognition of the individual's achievement and promise. 

Dr. Yukio Toida, Senior Researcher Crop Production and Postharverst Technology Division 

received the honorable award from His Majesty Prince Masahito, President of the Dainippon Silk 
Foundation on November 14, 1996. Dr. Toida has devoted his whole career to the study of the ecology 
and the protection of mulberry nematodes. In Thailand, he identified the nematode species attacking the 
Thai mulberry and described four new species of nematodes, including Meloidosvm susinamiensis . 

Continue to MAFF Research Structure 
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JIRCAS AND THE MINISTRY OF AGRICULTURE, 
FORESTRY AND FISHERIES 


MAFF Research Structure 

The Japan International Research Center for Agricultural Sciences (JIRCAS) is one of 29 research 
institutes belonging to the Ministry of Agriculture, Forestry and Fisheries (MAFF), the Government of 
Japan. In this age, in which we have seen remarkable progress in advanced fields of science and 
technology including biotechnology, MAFF's research institutes are playing a key role in the 
development of new technologies to pave the way for further development of the food industry, and 
promotion of agriculture, forestry and fisheries activities in the 21st century. MAFF's institutes work in 
close collaboration with local governments, universities, and private research organizations and aim to 
contribute to the overall prosperity of Japan while making significant contributions to the international 
community. 

Nineteen of the 29 institutes including JIRCAS are directly overseen by the Agriculture, Forestry and 
Fisheries Research Council (AFFRC), which is a special agency attached to MAFF. The main duties of 
the AFFRC are overall research planning and coordination, liaison and coordination between research 
and administration, administration and guidance of the institutes, and research assistance to prefectural 
organizations and the private sector. The AFFRC is headed by a chairman, and its advisory members 
consist of independent university faculty members and previous MAFF research institute directors (Table 
1). The remaining 10 institutes, which include one institute devoted to forestry and nine fisheries 
research institutes, are also attached to the AFFRC. However, they are overseen by the Forestry Agency 
and the Fisheries Agency,M administrative agencies directly under MAFF. Overall MAFF research 
Structure is as shown in Fig.l(123KB) . 

JIRCAS is unique among the 29 research institutes in that it serves as an international research center but 
is at the same time part of the overall MAFF infrastructure. Thus, it is involved in active exchange and 
collaboration with the other 28 institutes. JIRCAS is located in the Tsukuba Science City which is about 
50 km northeast of Tokyo Fig.2(74KB) . Many other MAFF institutes are also located in Tsukuba, and 
the AFFRC secretariat maintains a Tsukuba office, forming the Tsukuba Institutional Complex. Tsukuba 
itself is home to numerous other research institutes and experimental facilities belonging to other 
ministries and agencies of the Japanese Government as well as to the private sector. 

Research structure at JIRCAS 

JIRCAS has a current staff of 164 including research scientists and administrators. Forty-three staff are 
located out of Tsukuba at JIRCAS's Okinawa Subtropical Station. JIRCAS is headed by a Director 
General; the Research Planning and Coordination Division overseas the seven research divisions which 
are comprised of the Research Information Division, Biological Resources Division, Environmental 
Resources Division, Crop Production and Postharvest Technology Division, Animal Production and 
Grassland Division, Forestry Division, and the Fisheries Division as well as the Okinawa Subtropical 
Station. The Administration Division is responsible for general administrative affairs. Research structure 
at JIRCAS is delineated in Fig.3.(76KB) 
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Research Planning and Coordination Division 

The Research Planning and Coordination Division in itself does not act as a research division, but rather 
serves to oversee and support the activities of the Research Divisions and Subtropical Station. The 
Division consists of four sections which are the Research Planning Section, the Research Coordination 
Section, the International Relations Section, and the Publication and Documentation Section. In addition, 
a Research Information Officer is assigned to the Division. 

In order to promote the implementation of research programs both overseas and in Japan, the first 3 
sections are responsible for the overall planning of JIRCAS research projects, dispatching of researchers 
on long- or short-term basis, implementation of programs for the invitation of researchers and 
administrators, and liaison and coordination with international and domestic institutions and agencies. 

The Publication and Documentation Section is responsible for the collection, classification, and supply of 
bibliographic materials from both overseas and domestic sources, as well as the release of public relation 
materials. The Research Information Officer handles the coordination of collaborative activities with the 
Japan International Cooperation Agency (JICA) and related research institutions and deals with problems 
pertaining to the exchange of technical information. Additionally, the Division coordinates the 
organization of various meetings and workshops including JIRCAS's International Symposia. 

Administration Division 

The Administration Division consists of three sections: the General Affairs Section, the Accounting 
Section, and the Overseas Support Section. The General Affairs Section is responsible for the 
management of official documents, personnel-related matters, and social affairs pertaining to JIRCAS 
staff. The Accounting section handles overall accounting, all budgeting, settlements and wage 
distribution. Lastly, the Overseas Support Section is in charge of all matters pertaining to JIRCAS's 
overseas operations, which includes general international affairs, overseas expenditures, and overseas 
shipments of equipment and materials. 

Other 

The Okinawa Subtropical Station has its own General Affairs Section which is independent of the 
Administration Division. Additionally, JIRCAS has two field management sections which oversee 
JIRCAS's experimental fields. The Okinawa Section is directly under the Subtropical Station 
management and the Tsukuba Section is attached to the Crop Management and Postharvest Technology 
Division. 

Forward to International Research at JIRCAS 


Back to Contents 
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Chairman 

Sakue Matsumoto 

Former Vice-Minister of the Ministry of Agriculture, Forestry and Fisheries 

Advisory 

Members 

Nobutaka Takahashi 

Professor Emeritus, University of Tokyo(Agricultural Chemistry) 

Ryoichi Kawashima 

Former Director General of the National Agriculture Research Center 


Tetsuo lino 

Professor, Waseda University (Genetics) 


Masatoshi Y oshino 

Professor, Aichi University (Meteorology) 


Takenori Inoki 

Professor, Osaka University(Economics) 


Kazuo Takahashi 

Governor, Yamagata Prefecture 
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INTERNATIONAL RESEARCH AT JIRCAS 

International collaborative projects at JIRCAS encompass all of the fields of agriculture, forestry, and 
fisheries and are being carried out in collaboration with counterpart institutions including international 
research centers, national research organizations and universities. The integrative type comprehensive 
project was initiated with the transformation of TARC into JIRCAS; there are currently four ongoing 
comprehensive projects in Vietnam, Thailand, Malaysia, and Brazil. In addition, JIRCAS continues to 
promote the specific, focused type of project carried out at TARC. Details of some of these projects can 
be found in the description of activities of the JIRCAS research divisions. A summary of all ongoing 
collaborative projects can be found at the end of this section. 

COMPREHENSIVE PROJECTS 

In 1996, JIRCAS was involved in four key comprehensive projects in Vietnam, Thailand, Malaysia, and 
Brazil. These studies were part of the continuation of the comprehensive research system begun in 1995. 
Under this program, a research coordinator in the Research Information Division assumes the role of 
project leader, organizing and overseeing the collaboration among numerous research divisions and 
researchers. During the planning stages of these comprehensive projects, socio-economic studies are 
conducted to identify the research priorities of the counterpart countries. 

• VIETNAM: Farming systems in the Mekong Delta 

• THAILAND: Sustainable agricultural systems in Northeast Thailand 

• MALATSIA: Productivity and sustainable utilization of tropical and subtropical brackish water 

mangrove ecosystems 

• BRAZIL: Development of sustainable agropastoral systems in the subtropical area of Brazil 


Forward to JIRCAS RESEARCH DIVISIONS 
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VIETNAM : Farming Systems in the Mekong Delta 

Since its inception in 1994, the research program “Evaluation and Improvement of Farming Systems 
Combining Agriculture, Animal Husbandry, and Fisheries in the Mekong Delta” has been carried out for 
3 years in cooperation with Canto University and Cuu Long Delta Rice Research Institute, Vietnam. In 
order to improve people’s nutrition, increase farmers’ income and develop rural communities, increased 
production of rice, livestock, fisheries, and horticultural commodities is necessary. The Mekong Delta 
possesses good farming systems which combine these various types of husbandry in each farm to 
maximize income. 

Surveying irrigation methods in the Mekong Delta.(Photo:S.Matsui) (23KB) 

Livestock grazing in Vietnam.(Photo:S.Matsui) (23KB) 

This research project aimed to clarify the structure of the systems, to identify and develop necessary 
technology currently lacking in the systems and to specify the conditions for applying the systems to 
other regions. Currently, we are concentrating our research on developing new methods to grow high 
yielding rice, for better management of livestock and for aquaculture nurseries for prawn. Last year, we 
had a workshop in Canto University to review the project and concluded that more close cooperation is 
necessary. 

Vietnam has became the world's second largest rice exporter, shipping out approximately 3.1 million tons 
last year. Improved irrigation and drainage, the introduction of modem varieties of rice and integrated 
management of rice production, and the development of a market-oriented economic policy called "Doi 
Moi" brought about the increased rice production in the Mekong Delta. 

The example of the Mekong Delta is encouraging because it demonstrates that increased food production 
can keep up with population increases. The Mekong Delta possess good resources for agriculture 
including vast fertile land, huge amounts of river water, adequate temperature and sunshine and a 
well-educated, diligent labor force. However, they suffer from periodical flooding, large areas of waste 
land and the threat of salt water intmsion. This cooperative research is earnestly expected to develop 
technologies for sustainable growth in the area. 

Continue to Sustainable agricultural systems in Northeast Thailand 
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THAILAND: Sustainable Agricultural Systems in Northeast Thailand 

Since the 1960s, large forest acreage has been cleared to make room for upland fields in Northeast 
Thailand, leading to a reduction in water-holding capacity and to salt accumulation due to the elevation 
of the groundwater table. In addition, the deforestation of sloping land has made the land highly 
vulnerable to soil erosion by wind and rainfall. Because of the inadequate application of fertilizer and 
organic material, soil fertility of the reclaimed fields, which was originally low, has further deteriorated 
after several years of cultivation. Moreover, precipitation is erratic and the dry season lasts for more than 
half a year in the area. These environmental constraints as well as the social problems facing Northeast 
Thailand have restricted agricultural development in the region. 

To address these constraints and problems, in 1995 JIRCAS initiated a 7-year research project, 
"Comprehensive studies on sustainable agricultural systems in Northeast Thailand". This 
multidisciplinary research project includes soil, crop and livestock sciences as well as economic and 
social studies. The contents of the project are based on the knowledge gained in previous collaborative 
research activities undertaken by JIRCAS (formerly TARC) and JICA in Northeast Thailand during the 
past few decades. Research activities are currently being carried out at the Agricultural Development 
Research Center in Northeast Thailand (ADRC) and other Thai research institutes affiliated with the 
Department of Agriculture (DOA), Department of Land Development (LDD), Department of Livestock 
Development (DLD) and Asian Institute of Technology (AIT). 

Paddy field in the dry season in Khon Kaen,Thailand.(Photo:M.Oka)(22KB) 

The main objective of this project is to develop sustainable farming systems in Northeast Thailand by 
improving agricultural technologies for crop and livestock production that are readily transferable to 
local farmers. More specific subjects to be taken up include: 1) evaluation of environmental and 
biological resources in the area and development of more effective uses of those resources, 2) 
development of sustainable farming systems in lowland and upland fields, 3) improvement of forage crop 
management and livestock production with locally available feed resources, 4) development of 
postharvest technologies for local agricultural products, and 5) economic evaluation of mixed, 
multiple-cropping agricultural systems. At ADRC, two researchers are studying farming systems and 
groundwater salinization mechanisms; at the Khon Kaen Animal Nutrition Research Center, DLD, 
another scientist is studying the improvement of livestock nutrition through the use of sugarcane feeds. 
Additional JIRCAS researchers are scheduled to initiate studies on the evaluation and utilization of 
environmental and biological resources available in the region. 

Continue to MALAYSIA: Productivity and sustainable utilization of tropical and subtropical brackish 

water mangrove ecosystems 
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MALAYSIA: Productivity and sustainable utilization of tropical and subtropical brackish water 
mangrove ecosystems 

JIRCAS has initiated an integrated research project entitled "Productivity and sustainable utilization of 
tropical and subtropical brackish water mangrove ecosystems" in collaboration with leading Malaysian 
scientists that includes the following four research topics: 1) production and decomposition processes in 
the brackish water mangrove ecosystems, 2) nutrient flux from rivers to the coastal ecosystems, 3) 
energy flow and carrying capacity in the brackish water mangrove ecosystems and 4)socio-economic 
evaluation of the brackish water mangrove ecosystems, covering a five year period from 1995-2000. 

Among the various research activities of the project, collaborative studies in fisheries are being 
conducted with the Fisheries Research Institute (FRI) and the University of Malaya (UM). The Forest 
Research Institute Malaysia (FRIM) serves as a counterpart research organ to integrate the forest-related 
aspects of the project. The Matang Mangrove Forest Reserve in Perak State and the Merbok Estuary in 
Kedah State, West Coast of Peninsular Malaysia are serving as research sites. The Matang Mangrove 
Forest is especially important as a location for analysis of the role of mangrove ecosystems in fish 
production. 

One senior researcher who specializes in the ecology of finfish and squid has been dispatched to the FRI, 
Penang since November 1995 as a long-term residing scientist. Other researchers specializing in larval 
fish ecology, life history of Crustacea, and soil runoff have been dispatched short-term in supporting roles 
of one and half years from November 1995 to March 1997. 

Since 1995, a seminar has been held annually in Malaysia as a part of the comprehensive project (see the 
JIRCAS Working Report No.4) to produce integrated, interdisciplinary results through the close 
collaboration of researchers in different fields. 

Oyster culture in Merbok mangrove estuary, Malaysia.(Photo:K.Fukusho)(25 KB) 

Continue to BRAZIL: Development of sustainable agropastoral systems in the subtropical area of Brazil 
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BRAZIL: Development of Sustainable Agropastoral Systems in the Subtropical Area of Brazil 

The research project entitled 'Comprehensive Studies of the Development of Sustainable Agro-pastoral 
Systems in the Subtropical Area of Brazil' emphasizes the development of sustainable farming systems 
with high productivity in environmentally degraded areas of subtropical Brazil. It focuses on land 
utilization in the crop-pasture rotation system. 

Wide area soybean cultivation in south central Brazil.(Photo:H.Eguchi)(29 KB) 

Cattle grazing on agro-pastoral land in Campo Grande,Brazil.(Photo:M.Kokubun)(T3 KB) 

To fulfill its research objectives, this project included the following topics: (1) to identify the use of 
forages for soil improvement and erosion control in addition to their value as pasture, fodder, soil cover 
and green manure, (2) to establish mixed, multiple-cropping patterns employing soybean as a main crop 
for the diversification of agricultural products in order to minimize the market risk and to profit local 
farmers, and (3) to improve the cattle production technologies with disease controls to promote 
crop-pasture rotation systems. Research studies will mainly be carried out in conjunction with 
EMBRAPA and JIRCAS, and necessary consultation with CIAT, for 7 years from 1996 to 2002. 

In 1996, a pasture agronomist was sent to CNPGC, National Center for Research on Beef Cattle, of 
EMBRAPA as the first long-term scientist from JIRCAS. He engaged in studies on the introduction and 
management of forage legumes in mixed, multiple-cropping patterns for soil improvement. Also three 
short-term scientists of JIRCAS have stayed at CNPGC, CNPSo, National Center for Research on 
Soybean, and/or the headquarters of EMBRAPA for one to three months. They have investigated the 
dynamics of soil fertility and plant nutrition in crop-pasture rotation, and the development of a domestic 
food and agricultural policy simulation model. 

Forward to JIRCAS Research Divisions 


Back to Contents 
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JIRCAS RESEARCH DIVISIONS 


The following pages are an introduction of the activities of JIRCAS's seven research divisions and the 
Okinawa Subtropical Station. Each summary features an overall explanation of the research thrusts of the 
division along with a presentation of the highlights of FY 1996. 

RESEARCH INFORMATION DIVISION 

The Research Information Division of JIRCAS has three main responsibilities relating to overall research 
operations of the Institute. The first is to collect and analyze information pertaining to the agricultural 
sciences and the related socioeconomic situation in developing countries. The second is to formulate and 
coordinate collaborative research projects with developing countries. The third is to develop and operate 
a computer-based information system in JIRCAS. 

Banjarmasin's Market, South KalimantanJndonesia.(Photo:J.Goto)(25KB) 

The Division's research coordinators and senior scientists undertake these tasks through two different 
approaches. The first is a region-oriented approach with focus on strategically important regions: China, 
other monsoon Asian regions, arid and semi-arid Asia, Africa, Latin America and developing countries. 
The second is an issue-oriented approach with emphasis on global problems concerning the environment, 
food security and rural development. Research coordinators conduct studies on agriculture in specific 
regions and investigate the need for collaborative studies. They design and coordinate both 
comprehensive and multi-national projects. Thus far, six projects have been formulated since JIRCAS 
was established. 

In 1994 JIRCAS launched its first integrated-type comprehensive research project in Vietnam dealing 
with the improvement of combined farming systems in the Mekong Delta. This was followed by the 
initiation of two research projects in 1995 and one in 1996 on tropical brackish water ecosystems in 
Malaysia, sustainable agricultural technologies in northeast Thailand and agro-pastoral rotation systems 
in subtropical Brazil. In 1997, two new comprehensive projects will begin: sustainable production and 
processing of major food resources in China and technological development of soybean production and 
utilization in MERCOSUR countries. 

The Research Information Division is also involved in analyzing global issues. A sophisticated world 
food model was developed by the Division in collaboration with MAFF headquarters, the FAO and other 
international agencies. It is being used to project world food supply and demand and to simulate policy, 
and the findings of collaborative research are often incorporated into its models. Currently, researchers 
are attempting to elaborate the model so that the impact of environmental changes can also be analyzed. 
Rural development strategies are also being studied by the Division with particular emphasis on farming 
systems research. The Division's social science researchers review recent rural development strategies 
and assist researchers in the natural sciences who are involved in integrated projects. 

Another important task of the Division is to develop and operate the computer-based JIRCAS 
information system. In addition, the Division has constructed a database of bibliographic articles on 
tropical agriculture published in Japan which is available to JIRCAS researchers. The Division has 
developed a comprehensive information system including statistical data, documents and imagery data 
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base on PC windows and UNIX. JIRCAS researchers have access to this information as well as access to 
external sources through the Internet system. 

In addition, the Division works as the secretariat for the JIRCAS international symposium held every 
year on a specific research issue. In 1996, a symposium entitled "The biosafety results of field tests of 
genetically modified plants and microorganisms" was held with 220 participants from 29 countries. 

Topic: A perspective of the rice market situation in Vietnam 
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BIOLOGICAL RESOURCES DIVISION 


Environmental stresses such as drought, high and low temperature extremes, and pest and disease 
outbreak can result in the serious instability of a crop yield with devastating results, bringing about the 
starvation and malnutrition of a large number of people in a developing region. In addition, a rapidly 
growing population rapidly accelerates the deterioration of natural resources, especially in marginal 
lands, which may lead to further degradation of food production. We are now faced with the need to 
increase and stabilize agricultural production through methods compatible with the preservation of the 
environment. To achieve this objective, it is essential to develop agricultural technologies by optimizing 
the use of biological resources. 

In light of the above, the first objective of the Biological Resources Division is to collect, evaluate and 
preserve germplasm accessions of under-utilized crops and wild relatives, taking into account the rapid 
genetic erosion occurring on a world-wide scale. In this regard, studies on Andean root and tuber crops 
are being carried out at the International Potato Center's (CIP) experimental station in Quito, with the 
assistance of National Agricultural Research Institute (INIAP). Yacon is one of the major natural sources 
of fmctooligosaccharides, accounting for 90% of total sugar content. It was found that yacon has at least 
2 different basic chromosome numbers. The normal cultivar is octaploid. This research may open up 
possibilities for increased utilization of this plant through hybridization breeding and ploidy manipulation 
as well as identify methods to increase fmctan production. 

Local markets can also provide valuable plant genetic resources. Many kinds if wild and cultivated 

species are sold for medicinal use in Ecuador. (Photo: K.Ishiki)(23KB) 

Secondly, using biotechnological methods, the molecular biology group of the Division, including 
several visiting scientists, is studying molecular mechanisms of tolerance for environmental stresses in 
higher plants. The researchers in the Division isolated a number of genes that function in drought 
tolerance and using stress response from Arabidopsis and cowpea plants analyzed the regulatory factors 
of their genes. This group is studying how to use these genes and regulatory factors for the production of 
drought-tolerant transgenic crops. This research will contribute to the development of technologies which 
will help resolve problems relating to the food crisis and environmental degradation in developing 
countries. 

Thirdly, using genetic resources and applying biotechnological procedures, we are implementing 
collaborative breeding projects in various countries in order to develop new varieties of rice, wheat, 
soybean, and vegetables characterized by high yield potential and resistance to various diseases and 
environmental stresses. These new varieties should contribute to the increase and stabilization of 
agricultural production with lower input in the developing regions. In 1996, soybean viral diseases and 
nematode pests were investigated for the breeding of resistant varieties in collaboration with the Soybean 
Institute of the Jilin Academy of Agricultural Sciences, People’s Republic of China. 

Topic 1.Development of new rice cultivars Hexi 34 and Hexi 35 in Yunnan Province" 

Topic2.New disease resistant varieties of cucumbers and strawberries in China" 
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TOPIC 1: Development of new rice cultivars Hexi 34 and Hexi 35 in Yunnan Province of the People's Republic of China 

A collaborative research project for rice breeding using a wide diversity of genetic resources has been conducted in Yunnan Province of the People's 
Republic of China since 1982. The new rice cultivars developed through the joint project have been widely grown in and around the Province. In 
1996, the total acreage of these cultivars covered more than 170,000 hectares, accounting for nearly 20% of the total rice-growing area in Yunnan. 

In 1996, two rice cultivars, Hexi 34 and Hexi 35, were developed and newly released under the project; they will be officially registered by the 
Yunnan provincial government. Hexi 34 was developed from the cross Yunxi 2 / Dianyu 1, and Hexi 35 from the cross Hexi 15 / Hexi 4. The 
pedigree of these new cultivars can be traced to some Japanese rice genetic resources: a high-yielding cultivar Todorokiwase, a cool-weather 
resistant cultivar Narukaze, and blast resistant germplasm lines BL 1 and BL 6 among others. 

The principal reason for releasing these two cultivars is that they display a higher yield ability than that of the current japonica rice cultivars grown 
in Yunnan, which is the most important factor in crop production in China. Hexi 34 and Hexi 35 performed very well in uniform trials conducted at 
twelve sites representative of the japonica rice growing areas in the central and northern part of Yunnan. In twenty-four tests across twelve locations 
during a two-year period, the average yield of Hexi 34 and Hexi 35 were 8.55 and 8.801 ha -1 respectively, compared with 7.101 ha -1 of the 
standard cultivar Yunkeng 9. 

We conducted a statistical analysis of adaptation based on the data of the uniform trials using linear regression and principal component analysis. 
The regression coefficients of the mean yield of each environment of Hexi 34 and Hexi 35 were smaller than those of other tested cultivars. These 
findings indicate that these cultivars are well adapted to various kinds of environments in Yunnan. The results of principal component analysis also 
revealed the high-yielding characteristics and wide-adaptability of Hexi 34 and Hexi 35. 

The cooking and processing qualities of Hexi 34 and Hexi 35 are superior to those of the standard cultivar Yunkeng 9 in Yunnan. Milled kernels of 
Hexi 34 and Hexi 35 are nonglutinous and nonaromatic; they are translucent in contrast to those of Yunkeng 9, which show a pronounced white 
belly. Taste panelists rated Hexi 34 and Hexi 35 as satisfactory in sensory tests of steamed rice. Recently, the standard of living in urban areas of 
China has been rapidly rising, resulting in a remarkable increase in the demand for rice of superior taste. These two new cultivars should meet the 
demand for good quality rice. 

Finally, careful attention should be given to the shift in the frequency of the blast fungus races, because Hexi 34 and Hexi 35 exhibit a race-specific 
resistance to rice blast disease. These cultivars could be widely grown in and around Yunnan Province, because of their high-yielding ability and 
high grain quality as mentioned above. However, breakdown of the blast resistance is common in many rice-growing areas, often shortly after the 
release of cultivars with race-specific resistance. Rice blast is the most devastating disease in japonica rice growing areas. We should develop 
breeding strategies for durable resistance to reduce the impact of rice blast disease by using the abundant rice genetic resources of Yunnan Province 
and Japan. 

Table 1. Main agronomic characteristics of Hexi 34 and Hexi 35 


Character 

Hexi 34 

Hexi 35 

Yunkeng 9(Standard) 

Maturity 

Medium 

Medium 

Medium 

Plant height (cm) 

88 

93 

115 

Lodging resistance 

HR 

HR 

S 

Cool-weather resistance 

MR 

MR 

R 

Blast resistance 

HR 

M 

R 

Grain appearance 

Good 

Good 

Poor 

Eating quality 

Good 

Good 

Poor 

Yielding ability (%) 

112 

121 

100 


HR, highly resistant; MR, moderately resistant; M, moderate; S, susceptible 

Photo:Rice cultivation in a basin near Kunming City, Yunnan Province. Rice plants (right! are of a new cultivar Hexi 35. Mountainous regions 

account for about 84% of the total area in the province. Cultivation of iaponica-rice for obtaining high yields is usually conducted in a small number 

of basins at an elevation of 1,500 to 2J0flQm. (32 Oft 

Forward to Environmental Resources Division 
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ENVIRONMENTAL RESOURCES DIVISION 


A recent estimate suggests that the world population could reach the 6.3 billion mark by the year 2000 
and the 6.8 billion mark by 2025. To feed this ever-increasing population, existing agricultural land is 
likely to be subjected to a higher intensity of cultivation in populous areas, and farmland development is 
likely to be extended to areas only marginally suited for agriculture. Trade liberalization in recent years 
has led to a sharp increase in the importation of commercial crops and is encouraging increased 
production in exporting countries. This may result in excessive load to farmland soils as well as 
continuous single cropping and deforestation in many countries. Past experience has shown us that these 
practices accelerate farmland degradation and desertification on a global-scale. Such drastic changes in 
land use cause climatic transformation over extended regions and bring about unpredictable constraints 
to existing agricultural and forest ecosystems. 

From the middle of this century, patterns of land utilization have been changing due to population 
expansion. These changes, along with a rapid increase in fossil fuel consumption, have had tremendous 
impact on the atmosphere through intensified emissions of carbon, nitrogen, and sulfur gases. The annual 
consumption of fossil fuel now exceeds 5 billion tons of carbon. If the present level of consumption 
continues, C02 concentration will increase by 0.5% per year and double by the middle of the next 
century. The 1995 IPCC report suggests that a two-fold increase in C02 concentrations could cause an 
increase in mean global surface temperature by about 2 by the year 2100. 

Furthermore, research has shown that the atmospheric concentrations of other greenhouse gases such as 
methane, nitrous oxide and chlorofluorocarbons have also increased greatly within the past two decades. 
If the effects of these trace gases are taken into account, global warming is estimated to take place more 
rapidly than in the case where the effects of C02 are considered alone. These trace gases move from the 
troposphere to the stratosphere and participate in the destruction of the stratospheric ozone. The depletion 
of the ozone layer allows more ultraviolet rays to reach the Earth's surface where millions of species of 
organisms live without any means of protection from ultraviolet radiation. 

To address these problems, this Division is organizing research to identify and develop technologies for 
the improvement of agricultural activities and the rehabilitation of degraded lands. The target technology 
must be compatible with the conservation of the environment and ecosystems such as arid lands, 
wetlands and sloped lands which have long been considered of little use for agriculture. Other projects 
aim at the development of technology for sustainable agriculture through analyzing mechanisms of 
nutrient cycling within arable land ecosystems. To conserve the global environment in harmony with 
agricultural activities, research on sustainable agriculture should be given foremost emphasis. 

Figure 1:Protection against soil erosion by using rice terracing to preserve sustainable agriculture in Japan 

(Noto Peninsula, Ishikawa Prefecture)(23KB) 

(Photo: K. Minami) 

"Mechanism of uplifting saline-groundwater in the Phra Yune area. Northeast Thailand" 

"The influence of physical properties and rock dissolution " 
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TOPIC 1: Mechanism of uplifting saline-groundwater in the Phra Yune area, Northeast Thailand 

In Northeast Thailand, salt accumulation in soil is thought to derive principally from saline groundwater. Several theories have been proposed 
to explain this salinization. All of them agree that salinization is related mainly to the presence of a few rock salt strata of the Mahasarakham 
formation which underlies much of Northeast Thailand. One of the problems to be solved is how salt from the rock salt strata reaches the 
ground surface. An understanding of this mechanism of uplifting saline-groundwater should contribute to the development of technologies 
for the utilization of groundwater and the evaluation of water resources in Northeast Thailand. 

The Phra Yuen region, which is a salt-affected area, was selected for studying the relationship between geological structure and groundwater 
flow. Piezometers were installed at every intersecting point of a regular 1 km grid. Intersecting points were set up at 16 stations (A1 A A16). At 
each intersecting point, 3 investigation wells of 5, 10 and 15 meters in depth were set up for monitoring groundwater level (potential head), 
electric conductivity (EC), and temperature of the groundwater. 



Lineament analysis and examination of the upper structure of the Mahasarakham Formation and distribution level of the gravel layer in the 
Quaternary laterite deposits revealed the presence of Gl, FI, F2 and F3 faults. Saline groundwater at stations Al, A5, A9 and A13 was 
supplied from the Gl faults and that at station of A 11 from the FI fault. However, not all of the faults were observed to be supply conduits 
for saline groundwater. 

EC values increased rapidly when the groundwater level decreased below 187.4 meters above sea level (Dead Line) at A5. The equi-potential 
line of 187 meters in the vicinity of A5 was directed to the east side in April, 1995 so that the flux of the groundwater moved up. On the other 
hand, the equi-potential line of 189 meters was directed to the west in September, 1995. The flux of the groundwater there moved down. 
When the groundwater level decreases below the Dead Line, the flux of upward groundwater may reach the maximum volume. Saline 
groundwater may rise from the underground through the fault crack. 

Topic2:The influence of physical properties and rock dissolution 
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TOPIC 2: The influence of physical properties and rock dissolution 

Mechanisms of rock weathering are important in the study of soil genesis. This study dealt with the 
changes in chemical properties of rocks during experimental weathering. To define characteristics of the 
rock dissolution by examining the effects of physical properties on their dissolution characteristics, 
closed-system experiments were carried out using thirteen rock species, i.e., four types of sedimentary 
rock (limestone, chert, sandstone and tuff), five types of plutonic rock (dunite, gabbro, diorite, 
granodiorite and granite) and four types of volcanic rock (basalt, dacite, andesite and rhyolite). For each 
rock type, a clay-size powdered sample (l.OOOg in weight) and a small block sample (3.54x3.54x20m m 3 ) 
were treated with 50.0ml of distilled water. Electric conductivity of the aqueous solution, as an index of 
the concentration of dissolved materials, was measured at intervals of several hours over a total of 417 
hours. 

Results of the experiments using powdered samples indicated that the concentration of dissolved 
materials is larger in samples having a large amount of ingredient of alkalis, e.g., the mafic rocks 
dissolved in more abundance than did felsic rocks. On the other hand, this tendency was not recognized 
in results obtained from the experiments using small block samples. Experiments using small block 
samples also showed that the rocks with higher porosity have higher rates of dissolution, particularly in 
the initial phases of the water-rock interaction. In the case of rocks with higher porosity (such as tuff, 
dacite, andesite and rhyolite), the ratio of the concentration of dissolved materials of the powdered 
sample to that of the small block sample at the same elapsed time showed peaks with relatively larger 
values in the initial stages; these gradually lowered in the latter stages. In the case of other rocks with 
lower porosity, with the exception of limestone, ratios did not peak and showed small values until the 
final stages. This evidence shows that the concentration of dissolved materials is controlled by the 
porosity of the rocks. 

Fig. 1 Changes in the ratio of electric conductivity of powdered samples to that of small block 

samples.(39KB) 

Forward to Crop Production and Postharvest Technology Division 
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CROP PRODUCTION AND POST HARVEST 
TECHNOLOGY DIVISION 


Due to the constant increase of the human population, it is urgent to improve crop production technology 
in order to deal with increasingly severe food shortages. As research demonstrates, food supply problems 
will become more serious as patterns of food consumption improve in developing countries; with higher 
incomes and societal development, people will require more meat, fruits, vegetables, and oil. 

In the developing regions of today, self-reliance in food, rather than self-sufficiency, is an important 
objective. There are no definitive models for achieving this goal, but rather various methods to ensure 
self-sufficiency in context of the natural and environmental conditions of a particular country. 

The Crop Production and Postharvest Technology Division conducts studies covering production to 
storage, as well as the marketing and processing of crop products. Our research activities encompass a 
variety of disciplines including agronomy, plant protection (insect pests, disease and weed control), 
agricultural mechanization, irrigation, drainage, cropping systems, food storage, postharvest technology, 
farm management and agricultural economics. 

Because the world-wide total area of arable lands is limited, we believe that sustainable production of 
agricultural products can be achieved only by increasing overall productivity. For this purpose, various 
technological problems have to be resolved, but at the same time sustainable agriculture has to be 
compatible with the preservation of the natural environment. It is necessary to reduce as much as 
possible the amount of chemical inputs in agricultural endeavors. To achieve this, more research on 
biological or cultural control systems should be implemented, such as studies on the ecology of insect 
pests and their natural enemies and the development of methodologies for the prediction of outbreaks of 
insects and diseases. Thus, “integrated pest management” is strongly called for. Additionally, it is 
necessary to stress postharvest studies of agricultural products: quality improvement, including safety 
and the extension of shelf life as well as control of the presence of insects and microorganisms in 
foodstuffs, is one of the main objectives of this Division. Finally, sustainable production of agricultural 
commodities can only be supported by the development of sustainable markets. Technology for 
enhancing the value of agricultural products is being developed with the aim of increasing the incentive 
of the farmer to promote sustainable production. Economic studies are requisite in furthering the regional 
development of respective countries. 

Local delicacy in Khon Kaen, Northern Thailand. Som turn (papaya salad), kaw neeo (sticky rice) and 

Ka-ab moo (fried pig fat). 

(Photo:K.Kawasima)(18KB) 

Topic 1:Distribution of 2,4D hebicide resistant biotype of Fimbristylis miliacea (L.) in the Muda area, 

Malaysia 

Topic2:Leaf-cutting ants in Brazil and Paraguay 
Topic3:The root-knot nematode Meloidogyne in Thailand 
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Tpoic4:Group farming in the Muda area, Malaysia 
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TOPIC 1: Distribution of a 2,4-D herbicide resistant biotype of Fimbristylis miliacea (L.) Vahl. in 
the Muda area, Malaysia, and its response to several herbicides 

Fimbristylis miliacea (L.) Vahl. is one of the most common annual sedges in direct seeded rice fields in 
the Muda plain, the largest double cropping area in Peninsular Malaysia. In 1989, the 2,4-D resistant 
biotype was observed in a farmer's field in Kampung Gulau where 2,4-D had been seasonally applied 
since 1975. 


Response of the resistant plants to several 
herbicides was compared to susceptible 
plants. Resistant plants recovered after the 
application of 2,4-D dimethylamine at rates 
up to 2.78 g a.i./m 2 , equivalent to 32 times of 
the recommended rate, whereas the growth 
of susceptible plants was strongly affected at 
a rate of 0.087 g a.i./m 2 , the recommended 
rate, and completely controlled at 0.17 g 
a.i./m 2 (two times of the recommended rate) 
or higher. LD 50 of 2,4-D dimethylamine to 
resistant plants was 1.89 g a.i./m 2 , which was 
29 times higher than the LD 50 to susceptible 
plants. Resistant plants were also resistant to 
other phenoxy herbicides, e.g. 2,4-D 
iso-butylester, 2,4-D ethylester, 2,4-D 
sodium salt and MCPA, but no difference 
was observed in reaction toward propanil, 
paraquat and glufosinate ammonium 
between biotypes. Resistant plants were not 
distinguishable from susceptible plants based 
on morphological characters such as panicle 
size, spikelet length and nut form. 



Distribution of resistant plants, detected by M : Resistant bletype was detected 

treatment of 2,4-D dimethylamine at a rate of O : bidlyps was nol detected Fig. 1 

0.17 g a.i./m 2 ’ was investigated in 1993 using 

100 rice fields which were heavily infested with F. miliacea in the Muda plain. Resistant plants were 
detected in five rice fields, but not in the other 95 fields. It was suggested that 2,4-D resistant F. miliacea 
had not dominated in the area. The proportion of resistant plants decreased from 85.6% in 1992 to 1.7% 
in 1994 in a monitored field where 2,4-D had not been applied since 1992. Other type of herbicides, 
replacing phenoxy compounds, could be used to control the 2,4-D resistant biotype based on the results 
of this study. 


Figl :Distribution of 2,4-D resistant biotype of Fimbristylis miliacea in the Muda area. 
Topic2:Leaf-cutting ants in Brazil and Paraguay 
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TOPIC 2: Possible occurrence of agricultural damage due to invasion of leaf-cutting ants into 
southern Brazil and Paraguay 

The leaf-cutting ant, consisting of two genera Acromyrmex and Atta, is recognized as one of the most 
serious agricultural pests in Latin America. While not all species are important pests, it is not well known 
to what extent and in which localities respective species are serious pests. Farmers who live in ant-free 
regions of southern Brazil believe that there will be no problem with the ant in the future. To confirm 
whether or not there are really no leaf-cutting ants in their regions, we performed studies on the 
biogeographical distributions and densities of the ants in southern Brazil and Paraguay. The data 
obtained suggested that there was no place immune to invasion by leaf-cutting ants. 

We drove by automobile on highways in southern Brazil and Paraguay from 1993 to 1996. We stopped 
about every 100 km (Fig. 1) , where we counted nests of leaf-cutting ants in an agricultural grassy crop 
field by one of the following three methods: observation of areas marked by a 500 meter line, 
observation by naked-eye or with binoculars, and random walking. We surveyed from shorter distances 
at places reported to be located near margins of distribution limits of leaf-cutting ants. Using the number 
of nests counted, density of ant nests per hectare could be calculated for every survey site. Heterogeneity 
of method was inevitable due to the physical conditions of the field (area, location, and geography), time 
allowed for sampling, and/or biological conditions such as growth of vegetation and presence of 
domestic animals. This may have prevented us from making precise comparisons of density between 
sites. However, we consider this data to provide sufficient information concerning which species are 
distributed in certain locations and at what density. Furthermore, distribution and density of ants are 
varied between locations, even between neighboring ones. To reduce variation in density among survey 
sites, we divided the surveyed areas into nine regions and pooled data for each region: south-western 
region of the Sao Paulo state (SPSW), north-eastern Parana (PANE), north-western Parana (PANW), 
south-eastern Parana (PASE), south-western Parana (PASW), eastern Santa Catarina (STCE), western 
Santa Catarina (STCW), south-eastern Paraguay (PGSE), and south-western Paraguay (PGSW). We used 
the mean nest density of each species in each region for this study. 

Three and four species of Acromyrmex and Atta, Ac. balzani, Ac. fracticornis, Ac. heyeri, At. capiguara, 
At. laevigata, At. sexdens, and At. Vollenweideri, were collected at a total of 54 survey sites. We 
calculated a mean nest density for each species in each region and estimated the degree of agricultural 
damage by the ants (Fig. 1). The maximal densities obtained for the two genera Acromyrmex and Atta 
were 667 (Ac. balzani in SPSW) and 48 (At. capiguara in PANW), respectively, while no or few nests 
were detected in PANE, PASW, or STCW. In other regions ants were distributed with intermediate 
densities between these two extreme values. We carried out cluster analysis using a centroid method with 
squared euclidian distances. The results revealed the existence of three groups: one group included 
PANE, PASW, STCW, and PGSE; the second was composed of PASE, PGSW, and STCE; and the third 
of SPSW and PANW. The first group was characterized as an ant-free or ant-scarce region, the second as 
regions where cool-climate preferring species , Ac. fracticornis, Ac. heyeri, and At. vollenweideri, were 
collectable, the third as regions where hotter-climate preferring species, Ac. balzani^ At. capiguara, and 
At. laevigata were predominant. At. sexdens was throughout the surveyed areas, though the taxonomy of 
this species is still under debate. 

Comparison of our data with those obtained in the past by other researchers allowed us to trace the 
possible routes of expansion of ant distribution and predict probable invasion of leaf-cutting ants in the 
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future. At least 10 years ago, distributions of Ac. balzani, Ac. fracticornis, and At. capiguara had not 
been reported or found in PANW. Although At. vollenweideri was known in PGSW in these years, our 
record of the ant in this region is new with the eastern -limit being in Paraguay. This indicates that 
distributions of these ants have expanded into these regions during this decade. Since the north-limit of 
the distribution of At. vollenweideri is northern Argentina, this ant may not invade into the surveyed 
regions of Brazil. Similarly At. laevigata , the south-limit of which was detected in PANE in this study, 
may not extend its distribution into more southern regions. On the other hand, the south-limits of both 
Ac. balzani and At. capiguara in PGSE and the north-limit of Ac. fracticornis in more northern regions in 
Brazil were reported within this decade. The geographical distribution patterns of these three species 
strongly suggest that these ants will invade into the ant-free or ant-scarce regions, PANE, PASW, SCTE, 
and SCTW in which farmers believe that their farmland is protected from invasion by the leaf-cutting 
ant. Because our results contradict the above, it is considered necessary to widely monitor changes in 
distributions of leaf-cutting ants in the immediate future. 

Fig.TUpper left: a map of South America. The rectangle indicates the surveyed area. Lower right: a map 

of the surveyed area. Country and state boundaries are shown by two- and one-dotted chain lines, 

respectively. Solid lines indicate highways followed by automobile and surveyed sites are indicated by 

closed circles. Nine regions could be conveniently established and are distinguished by dotted lines. 

Regions which commonly have serious problem with ants are hatched, those where problems occur only 

locally are shadowed, and those where problems are negligible are not marked. All abbreviations for 

regions are explained in the text. (45 KB) 

Topic3:The root-knot nematode Meloidogyne in Thailand 
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TOPIC 3: Identification of root-knot nematodes ( Meloidogyne ) including a new species based on 
enzyme phenotypes in Thailand 

In Thailand eight species of Meloidogyne attacking crops have been recorded. They are Meloidogyne 
arenaria, M. exigua, M. graminicola, M. hapla, M. incognita, M. javanica, M, microcephala and M. 
nassi. Of these, Meloidogyne incognita, M. javanica and M. arenaria occur most commonly and cause 
serious damage to crops. M. exigua, M. microcephala and M. nassi have not been reported since they 
were first classified. They appear to be rare and not very significant agricultural pests. Reduction of crop 
yield caused by these nematodes is estimated to be as much as 5-10% by Thai nematologists. Therefore, 
development of control measures not only for insect pests but also for the pest nematode is required to 
increase crop yield in Thailand. Application of nematicides such as carbofuran and chloropicrin to the 
soil is remarkably effective in decreasing nematode density in the fields. However, concern exists over 
the disturbance of the ecosystem, causation of environmental pollution or disruption and harmful effects 
resulting to human beings and other living organisms that may stem from the continuous use of these 
chemicals. 

It was shown in this research that cultural control including crop rotation and application of organic 
matter decreased the density of M. javanica attacking mungbean and increased crop yield. In cultural 
control of nematodes, accurate identification of species or race is indispensable because the propensity of 
the nematodes to attack crops varies for each species. Therefore, for the first time in Thailand, we 
identified Meloidogyne species based on enzyme phenotypes through electrophoresis; this is a more 
reliable method for identifying Meloidogyne species than is the observation of morphological 
characteristics. Esterase (Est) and malate dehydrogenase (Mdh) harbored by female root-knot nematodes 
were collected and their phenotypes were analyzed through electrophoresis by the Phast System. 

In this experiment, one new species and four known species were identified, but two species thought to 
be new or unrecorded species in Thailand were not determined. Meloidogyne arenaria was identified by 
two distinct bands of Est(A2) and one or three bands of Mdh (N1,N3). Many of the species which had 
been regarded as M. javanica based on morphological characteristics of female perineal patterns in 
Thailand were identified as M. arenaria with two bands of Est. M. graminicola was easily determined by 
one clear broad band of Est(VSl).)) M. incognita could be distinguished from other species by one band 
each of Est (II) and Mdh (Nl), and M. javanica was identified by three bands of Est (J3) and one band of 
Mdh(Nl). The nematode population collected from weeds in Bangkok showed three bands of Est and 
two bands of Mdh. Other populations from tomato in Chiang Mai did not show any band pattern. 
Although these two populations could not be identified, their enzyme phenotypes suggested that they 
were likely to be new or unrecorded species in Thailand. 

The population collected from mulberry in Udon Thani was identified as a new species on the basis of 
the specific phenotype of one band of Est and two bands of Mdh and the morphological character of 
female perineal patterns. This is the second recorded new species of the genus Meloidogyne in Thailand 
since the discovery of M. microcephala Cliff and Hirschmann, 1984. This new species occurred in large 
numbers in mulberry fields at theUdon Thani Sericulture Research Center and on some ornamental 
plants around this area as well as in mulberry fields at Chiang Mai. As sericulture is one of Thailand's 
important industries, it is urgently necessary to develop methods to prevent mulberry damage caused by 
this species. 

Fig. 1:Polyacrylmide gel (Phast System) showing esterase and malate dehydrogenase phenotypes of 
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females of Meloidogyne. 

Ma: M.arenaria, Mi: M.incognita, Mj: M.iavanica, Msl: new species, Ms2: unrecorded species in 

Thailand/15 KB) 

Tpoic4:Group farming in the Muda area, Malaysia 
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TOPIC 4: Advantages of and Problems in the Management of group farming projects in the Muda 
area, Malaysia 

The new National Agricultural Policy (1992) of Malaysia aims to promote smallholders to entrepreneur 
farmers through group farming projects. Encouraging farmers to organize into group farming is the one 
of the urgent issues in the Malaysian Paddy Policy. Especially in the Muda area, which is the largest rice 
production area of this nation, the Paddy Mini Estate Project (PSP) is considered to be the core farmers 
group for development. There are two types of group farming, Kelompok Tani and PSP. PSP is the most 
advanced of the group farming types in the area and its number increased from 16 to 129 during the 
period 1988- 1995. On the contrary, the number of the Kelompok Tani has not changed much within this 
seven year period. 

Though both Kelompok Tani and PSP are types of group farming project, there are four main differences 
between them: 1) There is an agreement between PPK (Area Farmer’s Association ) and PSP members in 
regard to the rice planting schedule and farming practices. Since PPK is in charge of the administration 
of government credit for the farmers, PSP members must follow the planting schedule to receive the 
seasonal credit and must send the yield to a specific mill to settle their debt; 2) PPK provides higher 
financial assistance to PSP members than to Kelompok Tani members, RM650* 1 and RM250 per 
relong* 2 per season, respectively; 3) PPK provides farm machinery and transportation for sending the 
yield to the mill for PSP member farmers. At the same time, PSP members can use the earnings from the 
sale of their harvest as capital for PSP activities; and 4)Both PSP and Kelompok Tani members can 
receive technical assistance from PPK. However, priority is granted to PSP members rather than to 
Kelompok Tani members. Overall both projects are supervised by PPK, but PSP has a higher 
commitment to PPK than others. 

Photo: Animal meeting between PSP members and a PPK Qfficer.(20 KB) 

One PSP (PSP Matang Pinang) in the Muda area was selected and the functions and characteristics of 
PSP were clarified. A comparative study between PSP member farmers and non-members was 
conducted. PSP Matang Pinang is located near the JIRCAS pilot so farmers are quite familiar and 
cooperative with interview surveys. The total number of respondents was 53: they consisted of 26 PSP 
member farmers and 27 non-members. There are no limitations on PSP membership. However, 
operational land size of the PSP members (3.5 relong or 1.0 ha) is slightly larger than non-members (2.4 
relong or 0.7ha).The results of the comparison show the PSP members’ advantages in farming. Since 
PSP members can apply for loans easily, they have easy access to fertilizer and chemicals. However, 
there is no significant difference in the cost of production between PSP members and non-members. PSP 
members’ yield is higher than non-members. Overall PSP members have more resources such as land 
and farm machinery; as well, their income is higher than non-members . This clearly indicates that PSP 
activities bring benefit to the members. 

The survey also showed, however, that PSP members faced management problems and have some 
complaints about the flow of information from PPK to them. After analyzing farmers’ responses, we 
found that some of the complaints were the result of misunderstanding among members. The result 
clearly shows that two-way communication between PPK officers and members is very important to 
avoid misunderstanding and to create a clear vision of PSP in the future. Listening to the members’ 
opinions is a suggested for resolving future problems. 
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In addition to the complaints mentioned by the members, we also realized the weakness of PSP. The 
observations in this survey show that members are highly dependent on the PSP committee members 
and/or PPK officer. If possible, it is better for all the members to join the meeting and participate in the 
decision-marking process regarding PSP management issues. 

At the same time, members are recommended to keep their own farming records to understand their 
farming condition under the PSP. Financial management, in particular, is controlled by PPX and it is 
difficult for the members to prepare farming plans and make decisions by themselves. Some of the 
members just followed what was written on the receipt and documents they received from PPK without 
examining or understanding them. Further research is needed to focus on how the credit scheme can 
affect the farmers’ attitudes in carrying out their farm management activities. 

* 1: RM1=\50, * 2: 1 relong = 0.298ha. 

Forward to Animal Production and Grassland Division 
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ANIMAL PRODUCTION AND GRASSLAND 
DIVISION 


Animals in developing countries contribute to the betterment of people's lives in various ways. Animals 
not only produce meat, milk and hide, which are essential in daily life and are an important source of 
income, but also generate draft power for tillage and transportation, and produce wastes for use as 
fertilizer and as a source of fuel. Yet, production related to livestock rearing remains at low levels due to 
constraints such as the low genetic potential of animals, poor quality and quantity of feeds, prevalence of 
diseases, harsh climatic conditions, and inadequate management. 

The Animal Production and Grassland Division carries out research to achieve a sustainable increase in 
animal production in harmony with the environment by enhancing the reproductive capacity of natural 
resources, managing grasslands to secure feed resources, making better use of agro-industrial 
by-products, controlling invasive animal diseases, and improving management practices. 

Two research projects ended successfully in the fiscal year 1996. Those themes and the collaborative 
research organizations were as follows: (1) Investigation of the response to heat stress of the 
endocrinological functions in ruminant animals and their relation to milk secretion in tropical areas 
(Malaysian Agricultural Research and Development Institute). (2) Development of forage crop 
management in Northeast Thailand (Department of Livestock Development (DLD), Thailand). Currently, 
six research projects are being carried out abroad on long term assignments ( 25 years ): (1) 

Improvement of cattle production with locally-available feed resources in Northeast Thailand (DLD),( 2) 
Immunohistorical studies for the development of a vaccine against East Coast Fever (International 
Livestock Center for Africa (ILRI), Kenya), (3) Improvement of the rearing methods of small livestock 
(Malaysian Agricultural Research and Development Institute), (4) Improvement of animal production 
under farming systems combining agriculture, animal husbandry and fisheries in the Mekong Delta 
(Cantho University, Vietnam), (5) Grassland conservation and sustainable livestock production in 
Central Asia (KIA, Kazakhstan) and (6) Development of grassland utilization and management under 
sustainable agro-pastoral systems (CNPGC-EMBRAPA, Brazil). Commencing this year, the last project 
was initiated in place of the project "Eco-physiological studies on the persistence of tropical pastures in 
the Latin American Savanna" (CIAT, Colombia ). 

The following studies were carried out by researchers on short-term assignments (1-3 months): (1) 
Comparative study of the accumulation of body fat in native Malaysian chickens (Malaysian Agricultural 
Research and Development Institute); (2) Control of meat quality and fat deposition in native Malaysian 
chickens (Malaysian Agricultural Research and Development Institute); (3) Studies of the eradication of 
animal parasitemia in Vietnam (Cantho University); (4) Evaluation of the feeding value of aquatic plants 
in the Mekong Delta (Cantho University); (5) Improvement of the nutritional condition of livestock 
under the farming systems in the Mekong Delta (Cantho University); (6) Genetic characteristics of 
indigenous breeds of cattle in the Philippines (University of Philippines at Los Banos) and (7) 

Elucidation of the role of the TNF-±gene in trypanosomiasis. 

In order to address varied requests for collaborative research from developing countries, which includes 
incorporating biotechnological applications along with upgrading the overall level of research, the 
Division is now promoting basic research on the Tsukuba premises as support for overseas activities. At 
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present a project entitled "Identification of endophytic fungi in pasture plants in tropical regions and their 
utilization in plants via biotechnological methods" is the focus of domestic research. 

Topic 1: Sugarcane as roughage for cattle feeding in the dry season 

Topic2:Estimation of regional feed resources in a barley/rangeland zone in Northeastern Syria 
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TOPIC 1: Sugarcane as roughage for cattle feeding in the dry season 

Dairy production has been well-developed in temperate and cool geographical zones. A feeding system 
established in these areas is primarily based on preserved feed such as hay and silage. This system 
requires large machinery with a large scale of operation. On the other hand, dairy activities have been 
newly introduced into monsoon and savanna zones in the tropics. Generally speaking, dairy production in 
this region is characterized by its small scale and reliance on man-power. In this system, hay or silage 
production is not yet practically operational. Farmers rely heavily on rice straw as roughage in the dry 
season and its poor nutritive value limits the further improvement of dairy production. An additional 
restraint is that the collection of rice straw is labor- and time-intensive work. On the other hand, 
sugarcane has unique characteristics. It has high bio-mass production and can remain standing until the 
end of dry season without withering, which allows farmers to cut it when they need it without processing 
or preservation. The use of sugarcane as a roughage for cattle feeding was examined in Northeast 
Thailand, where the number of dairy cattle are rapidly increasing. 

A metabolic trial using Brahman cattle was carried out and the metabolizable energy content in 
sugarcane stalk was calculated to be 9.05 MJ/kg. It was estimated that sugarcane can produce 
metabolizable energy per hectare nearly 3 time more than that produced by ruzi grass which is the major 
grass produced in the region. 

The feeding trial was carried out using dairy cows owned by a private dairy farm in order to examine the 
use of sugarcane as roughage for milking cows. Milking cows were given either only rice straw ad 
libitum or chopped sugarcane stalk plus rice straw ad libitum as roughage. In addition, both groups were 
given commercial concentrate feed, the amount of which was determined by the farmer based on body 
condition as well as the milk yield. In spite of the lower total DM consumption, the milk production of 
the cows given sugarcane stalk tended to be higher than that of those given only rice straw. Protein 
content in the milk of those cows was also significantly higher. It was concluded that the energy supply 
was increased by giving sugarcane stalk, which improved protein content in the milk, while energy 
supply was not sufficient when only rice straw was given to cows. 

Sugarcane stalk can be divided into an easily soluble sugar fraction and a hardly degradable bagasse 
fraction. It appears that the latter remains in the rumen for a long period without degradation, which 
suppresses feed intake. Cattle can not consume enough sugarcane stalk to satisfy their energy 
requirements in spite of its high metabolizable energy content. Sugarcane stalk was proven to be a good 
quality roughage for cattle in the dry season, if cattle were provided with enough concentrate feed to 
satisfy not only protein but also energy requirements. 

Figl:Chopped sugarcane stalk(37KB) 

Fig2: Cattle are fond of chopped sugarcane stalk. However, it has to be supplemented with energy and 

protein sources.(Photo:T.Kawasima)(35KB) 

Forward to Forestry Division 
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FORESTRY DIVISION 


With the rapid exploitation of arable land because of high food demands, the degradation and devastation 
of natural forest areas are rapidly progressing, particularly in developing areas. This is bringing about 
serious economic and environmental problems not only at the local level but also on a global scale. 
Therefore, the rehabilitation and sustainable management of these forests are urgent issues. 

Establishment of forest production systems and post harvest technologies for local communities can be 
viewed as essential means for the reduction of forest devastation. 

The Forestry Division covers a wide range of research in developing countries from production to 
end-use as related to forestry and forest products under the following two research categories: (1) 
silvicultural and forest management technology; and (2) processing technology of forest products. These 
projects necessitate disciplines such as silviculture, plant ecology and eco-physiology, soil science, 
entomology, mycology, forest mechanization, socio-economics, and wood technology. 

Forest rehabilitation and the enrichment of devastated and degraded areas are the first steps in developing 
sustainable management of forest areas. To do so, silviculture, site evaluation and pest control 
technologies have to be developed in consideration of the conditions of the natural environment. 

At present, forest products are a principal trading commodity in 33 developing countries. Sustainable 
production of these products should be achieved in natural forests and plantations. For such purposes, 
studies on species behavior, natural regeneration, enrichment planting, and harvesting systems are 
essential. 

Another major reason for forest devastation is the shifting of cultivation by landless farmers. Hence, 
forest production and planning systems for stimulating the activities of local communities have to be 
developed. Various lesser-known tree species and forestry products may be in danger of extinction if 
rapid forest devastation continues. Evaluation studies should be urgently conducted and improvement of 
current wood processing technology should be given priority. 

A. mangium plantation in Rawang, Selangor, Malaysia.(31KB) 

(Photo:K. Yamamoto) 

Topic: Some wood properties of Acacia mangium in Peninsular Malaysia 
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TOPIC: Some wood properties of Acacia mangium grown in Peninsular Malaysia 

Since it was introduced to Sabah, Malaysia from Australia as an exotic species in 1966, Acacia mangium 
Willd. has became one of the major fast-growing plantation species for timber and pulp production in 
Asia. Currently plantation area covers over 150,000 hectares world wide. In Indonesia, especially in 
East-Kalimantan and Sumatra, thousands of hectares are being planted each year with this species. In 
spite of its importance for sustainable timber resources in the future, until recently comprehensive 
characteristics of A. mangium wood were not fully understood. In order to identify the basic wood 
properties of A. mangium, collaborative research work has been conducted with the Unit of Wood, Paper, 
and Coating unit of the School of Industrial Technology, University of Science, Malaysia. Three A. 
mangium trees free from the heart rot disease were used in this study. The age of trees harvested were 9, 

11 and 6 years in Byram Forest Reserve, Pulau Pinang, in Rawang, Selangor, in Bidor, Perak, Malaysia, 
respectively. 

Several important wood characteristics of A. mangium have been found since the research project 
commenced in 1995. Wood near the pith has lower density and a shorter length of fibers than the outer 
surrounding wood (Figure 1) . This indicates that A. mangium has juvenile wood near the pith. The 
existence of juvenile wood may be one of the reasons that the inner heartwood of A. mangium is subject 
to heart rot attack. In fact, the incidence of heart rot of A. mangium, aged two to nine years old, was 
reported to range from 0 to 50% in a recent survey at Sabah Forestry Development Authority, Sabah, 
Malaysia. 

The inner heartwood of A. mangium sometimes has a higher moisture content than the adjacent outer 
heartwood or sapwood (Figure 2) . An increase in moisture content in the heartwood region normally 
refers to wetwood which has been identified as an abnormal type of heartwood caused by decay or a 
wound. Existence of the wetwood in tropical wood species has not yet been reported. As close 
relationships between inorganic concentrations and moisture contents in wetwood have been described in 
the literature, radial distributions of 4 major elements from alkali metals and alkaline earth metals in A. 
mangium were examined by inductively coupled plasma optical emission spectroscopy. Concentrations 
of potassium (K) and magnesium (Mg) in A. mangium stem wood and sap showed a maximum value in 
the outermost sapwood and then decreased gradually toward the sapwood-heartwood boundary. There 
were no obvious variations within the heartwood (Figure 3). The changes from sapwood to heartwood 
indicated a close relationship between heartwood formation and inorganic elements. Radial distribution 
patterns of sodium (Na) and calcium (Ca) did not show a clear trend. All analyzed samples possessing 
wetwood (Rawang and Bidor sample trees) or even non-wetwood (Byran sample tree) generally retained 
lower inorganic contents in heartwood than in sapwood (Figure 3) . The close relationship between 
inorganic concentrations and moisture contents, as reported in the wetwood of temperate species, was not 
recognized in A. mangium. The characteristics and origin of wetwood may differ from temperate species 
to tropical ones. The origin of water in the wetwood of A. mangium is an important scientific issue that 
remains to be clarified. 

Photo. liWetwood of A. mangium with higher moisture contents than surrounding wood showing dark 

color is located in the inner heartwood (arrow).(13 KB) 

Figure. l:Radial variation of oven dry density of A. mangium stem (Rawang sample tree). Wood 

densityincreases from the pith to several centimeter outwards and then becomes almost constant. A. 
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mangium has juvenile wood near the pith. Dotted lines indicate the boundary between the sapwood and 

heartwood.(94 KB) 

Figure.2:Radial variation of moisture content of A. mangium stem (Rawang sample tree). Moisture 

content is highest in the inner region of heartwood. An increase in moisture content at the heartwood 

region normally refers to wetwood. Dotted lines indicate the boundary between sapwood and heartwood. 

The line with filled circles shows the calculated maximum moisture contents, and the line with filled 

diamonds shows the actual moisture contents. The wood is almost saturated with free water. 


Figure.3: Radial distribution of potassium content of A. mangium stem from three different cites (Byran, 

Bidor and Rawang). Maximum values were found in the outermost sapwood and then decreased toward 

the sapwood-heartwood boundary. No obvious variations were observed in the heartwood. Arrows show 

the boundary between sapwood and heartwood. 

Forward to Fisheries Division 
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FISHERIES DIVISION 


As an initial phase (1994-1998) of international collaborative activity in the field of fisheries, the 
Fisheries Division has initiated five research projects in Asian countries, e.g., fisheries resources 
management in Malaysia and Indonesia, aquaculture in Thailand and Vietnam, and fisheries product 
processing in China. In addition to these studies, however, in 1996 the Division implemented a project 
for the development of technology to diagnose and prevent shrimp viral diseases. A summary of this 
project, scheduled to begin in 1997, can be found in the Highlights section. 

As a first international collaborative research project on fisheries resource management, "Production and 
sustainable utilization of brackish water mangrove ecosystems" has been initiated with the Fisheries 
Research Institute (FRI) and the University of Malaya (UM). The project involves the integration of 
studies dealing with the brackish water mangrove and is conducted on a multidisciplinary basis including 
fields related to fisheries, forestry, agriculture, and socio-economics One senior researcher has already 
been dispatched by JIRCAS to Penang to oversee the project, as a long-term residing scientist, and 
several short-term scientists specializing in fish larval ecology, crustacean ecology and marine chemistry 
have participated in this project. In addition to working with the above counterpart organizations, 
JIRCAS is receiving the active cooperation of the Marine Fisheries Resources Development and 
Management Department of the Southeast Asian Fisheries Development Center (SEAFDEC) regarding 
the fisheries aspects of the comprehensive project. Another project involving fisheries resources 
management, "Studies on the life history of major coastal fishes in Indonesia based on otolith analysis", 
has also been initiated with the Central Research Institute of fisheries (CRIFI), at the Research Institute 
for Coastal Fisheries (RICF), CRIFI, in Maros, South Sulawesi, Indonesia. The project aims to clarify 
ecology and life history of important coastal fishes for the establishment of methods of resources 
management. One researcher has been dispatched to Maros as long-term residing scientist. 

In addition to the Division's earliest collaborative research project on aquaculture, "Development of 
sustainable aquaculture technology in Southeast Asia" with the Faculty of Fisheries, Kasetsart 
University, in Bangkok, Thailand, another project, "Evaluation and improvement of farming systems 
combining agriculture, animal husbandry, and fisheries in the Mekong Delta", has been initiated with the 
College of Agriculture, Cantho University in Cantho, Vietnam. The project involves the integration of 
studies dealing with square farming on a multidisciplinary basis including fields related to rice 
production, animal husbandry, freshwater aquaculture, and socio-economics. The fisheries aspects of this 
integrated project relate to freshwater aquaculture as follows: 1) fry production technology of fish and 
prawns, 2) disease prevention methodology for fish and prawns and 3) utilization of new feed resources 
for freshwater aquaculture. To oversee the fisheries aspects of the project, a JIRCAS researcher 
specializing in crustacean endocrinology and three short-term Fisheries Agency scientists specializing in 
fish disease and fisheries nutrition have been dispatched short-term to Cantho, Vietnam. 

JIRCAS staff and Cantho University counterparts at work in Vietnam.(16 KB) 

(PhotoiM.Sano, Seikai National Fisheries Research Institute) 

An integrated farm in Omon,Cantho Province,Vietnam(Photo:M.N Wilder, JIRCASX33KB) 

Concerning fisheries product processing, a collaborative research project, "Study on post harvest and 
processing of freshwater fish in China", has been initiated with the Faculty of Food Science and 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/overview/fisdivision1.html (1 of 2) [10/7/2002 9:41:45 PM] 





fisdivisionl -2 


Technology, Shanghai Fisheries University. Two senior researchers have already been successively 
dispatched to Shanghai, and short-term scientists specializing in post harvest technology have visited to 
lend support to the project. 

Intensive aquaculture has been well-developed in recent years and has become one of the most important 
industries in many countries, but self-contamination and fish disease in culture ponds have given rise to 
serious environmental and social problems. Therefore, fish disease protection has been given priority as a 
topic of collaboration under the JIRCAS Visiting Research Fellowship Program in which one scientist 
has been invited from the Central Research Institute of Fisheries, Indonesia to initiate cooperative studies 
in Tsukuba during a two-year period. Current and future Tsukuba Fellows are expected to become core 
scientists in JIRCAS's counterpart institutions and to contribute to the continued development of 
collaborative study. 

Topic 1:Molting and reproduction in the giant freshwater prawn, Macrobrachium rosenbergii: 

Endocrinology and potential aquaculture applications 

Topic2:Development of sustainable aquaculture technology in Southeast Asia 
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TOPIC 1: Molting and reproduction in the giant freshwater prawn, Macrobrachium rosenbergii : 
Endocrinology and potential aquaculture applications 

Successful prawn culture depends on many factors and requires the integration of knowledge from 
diverse fields. Sound economic and environmental management are essential to the efficiency of 
operations while expertise in the engineering and design fields are almost always necessary to set-up and 
construct facilities. However, basic understanding of the biology and physiology of the animals being 
targeted remains fundamental and most significant in the establishment of sustainable aquacultural 
production. In shrimp culture today, inducing reproduction in captivity and controlling disease remain 
obstacles to successful culture. Solving these technological problems will depend greatly on basic 
laboratory research and field work. 

The giant freshwater prawn, Macrobrachium rosenbergii, is a commercially important crustacean species 
cultured extensively throughout Southeast Asia. While wide-spread viral infection has been a problem of 
increasing magnitude in the culture of seawater species of the Penaeus genus, disease outbreak has not 
been of significant concern in freshwater species such as M. rosenbergii. Rather, in the case of species of 
the Macrobrachium genus, it is important to be able to effectively control maturation and reproduction 
under artificial conditions in order to produce the larval "seed* prawns which will be raised to market 
size by aquaculturists and fish farmers. In Vietnam, where JIRCAS is currently implementing a 
comprehensive project entitled "Evaluation and improvement of farming systems combining agriculture, 
animal husbandry and fisheries in the Mekong Delta*, M. rosenbergii is considered an important target 
species by the Vietnamese Government, and its aquaculture is being actively promoted. Farmers have 
traditionally depended on wild sources to obtain seed for aquaculture but are now faced with dwindling 
resources and a shortage of natural spawners. It is therefore necessary to increasingly rely on artificial 
seed production in the Mekong Delta. 

JIRCAS is currently implementing basic studies concerning the endocrinology of molting and 
reproduction in M. rosenbergii as part of the Mekong Delta project. Research is being conducted both at 
the project site, Cantho University’s College of Agriculture, in Cantho Province, Vietnam in 
collaboration with Vietnamese counterparts, and on JIRCAS's Tsukuba premises. In addition, although 
not directly related to the project, some of these studies have been carried out under the JIRCAS Visiting 
Fellowship Program at Tsukuba. 

In M. rosenbergii and most other species of decapod Crustacea including crabs and lobsters, the 
physiological processes of molting and reproduction are inextricably linked and under the control of 
various hormones. Crustaceans, which are arthropods, bear much endocrinological similarity to insects, 
and differ greatly from vertebrate species. However, compared with insects, which have been studied 
more widely, little is known about endocrinological mechanisms in Crustacea. 

It is well-established that ecdysteroids such as 20-hydroxyecdysone serve as “molting hormone* in 
Crustacea and are excreted from a tissue known as the Y-organ. On the other hand, peptides 
(molt-inhibiting hormone: MIH) originating in the sinus gland complex of the eyestalks exert negative 
influence on molting. In M. rosenbergii, molting occurs approximately once per month accompanied by 
growth of the animal. In females, reproduction occurs in synchronization with the molt cycle during 
which vitellogenin (yolk protein) is produced and ovaries develop and mature. This process is also under 
the inhibition of an eyestalk hormone: vitellogenesis-inhibiting hormone (VIH). In hatcheries and on 
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prawn farms, the technique of eyestalk ablation has long been employed to induce female maturation; the 
basis of this is the removal of the eyestalks and thus the removal of the source of these inhibitory 
hormones. 

While much progress has been made regarding negative control of molting and reproduction, it is unclear 
whether positive control mechanisms exist. Regarding molting, it is still not known what causes 
ecdysteroid titers in the hemolymph (crustacean blood) to surge just before a molt. It is also not known 
how the negative effects of VIH are lifted, enabling the animal to produce vitellogenin for uptake into the 
ovaries. In insects, juvenile hormone (JH), which is a larval developmental hormone, also appears in the 
adult female to stimulate yolk protein production and uptake. At JIRCAS, we are interested in the 
functioning of juvenoid substances in M. rosenbergii and are attepting to determine whether such 
hormones exert similar influences in crustacean species. At present, we have detected a JH-precursor 
molecule, methyl famesoate (MF) (Figures 2a,b) , in the hemolymph of M. rosenbergii. It was expected 
that MF would be present in only females undergoing ovarian maturation, but it was detectable in both 
females and males without connection to reproductive events. MF was also seen to fluctuate during the 
molting cycle, suggesting involvement together with ecdysteroids in regulating molting. 

We are also characterizing the nature of the vitellogenin molecule in M. rosenbergii and examining how 
it is produced. Vitellogenin initially appears in the hemolymph mid-way through the molt cycle and is 
then taken into the oocytes as vitellin. By analyzing vitellogenin electrophoretically, we found that it is 
composed of three polypeptide components of molecular weights 199, 102 and 92 kilodaltons. The 199 
kilodalton component is always first to appear during the course of vitellogenin synthesis. We 
subsequently plan to examine the involvement of MF and putative ovarian factors in the control of this 
process. 

Another research theme we are pursuing at JIRCAS is that of osmoregulatory control in relation to 
reproduction. While M. rosenbergii is primarily a freshwater species, it migrates to brackish water during 
times of spawning. The female broods eggs attached to the abdominal area for about three weeks until 
hatching. Newly-hatched larvae can not survive in freshwater and are required to spend about one month 
in low salinity before returning to fresh water areas. Adults have the ability to survive in both freshwater 
and brackish water, but larvae do not. We are interested in how this osmoregulatory ability develops and 
what physiological mechanisms govern this. We are currently examining the involvement of MF and 
whether juvenoid substances function to control the activity of ion regulatory enzymes such as 
Na/K-ATPase. 

Finally, at Cantho University, we are conducting applied experiments to examine the effects of feed 
quality and level and stock origin on reproduction in female prawns under captive conditions. In 
Vietnam, there are presently four national freshwater prawn hatcheries. Production is usually achieved, 
but females often mature precociously. This inhibits overall growth, but more importantly, it leads to 
diminished egg batches and low survival rates of larvae. It is often difficult to obtain high-quality larvae. 
In the current experiments, we are monitoring growth, reproductive state, and vitellogenin levels in 
prawns of natural and artificial origin subjected to representative feeding regimens practiced by farmers 
in the Mekong Delta. These studies will be expanded later in order to examine the effects of various 
environmental factors such as water temperature, salinity levels, and daylength. 
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Up until the present, JIRCAS personnel accompanied by researchers from the Fisheries Agency's 
National Research Institute of Aquaculture and the Seikai National Fisheries Research Institute have 
traveled to Vietnam to work on the project, but in FY 1997, Vietnamese counterparts will spend several 
months at JIRCAS to conduct further analysis of samples and data and to promote overall cooperative 
research. These collaborative studies, both in Japan and in Vietnam are expected to contribute to current 
knowledge concerning the endocrinology of M. rosenbergii and to enhance potential for culture 
applications in context of the JIRCAS's Mekong Delta project. 

Figure. 1:M. rosenbergii being maintained at JIRCAS.(16KB) 

Figure.2:(a) Structure of methyl farnesoate(MF).(6KB) 

Figure.2:(b) Detection of MF in female hemolymph by normal phase high performance liquid 

chromatograp y(NP-HPLC). (20KB) 

Topic2:Development of sustainable aquaculture technology in Southeast Asia 
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TOPIC 2 : Development of sustainable aquaculture technology in Southeast Asia 

In recent years, many Southeast Asian countries including Thailand have promoted an intensive form of 
aquaculture to increase product volume along with economic growth. As a result, aquacultural 
production, especially that of prawns and shrimps, has increased markedly in a short period of time (Fig. 
1). However, in some countries and regions, intensive aquaculture practices have benn reduced or 
discontinued because of the occurrence of severe outbreaks of disease affecting the animals under 
culture. Therefore, it has become apparent that certain difficulties exist in maintaining high productivity 
using intensive aquaculture. To achieve sustainable aquacultural production in Southeast Asia, basic 
studies relating to aquaculture sciences, such as genetics, physiology, pathology and nutrition of fish and 
prawns are required. JIRCAS believes that technology contributing to sustainable aquaculture can be 
developed though basic studies related to aquaculture sciences. 

In 1994, collaborative studies covering a five-year period were initiated between the Japan International 
Research Center for Agricultural Sciences (JIRCAS) and the Faculty of Fisheries, Kasetsart University, 
Thailand. The first half of the research program emphasized genetic research to promote basic studies 
related to aquaculture sciences. At the outset, to develop methods for detecting genetic variability in 
breeding, a manual for isozymic analysis of 20 aquatic animal species economically important to 
Thailand fisheries was prepared. The manual describes how-to techniques for sample collection and 
preparation, starch-gel electrophoresis, and isozyme staining and contains instructions concerning how to 
use these techniques to discern isozymic loci, estimate genetic variability, and calculate genetic 
divergence. The genetic variability of wild populations of catfish (Clarias macrosepharus ) was analyzed 
using this manual. 

Wild populations of catfish collected from five localities indicated in Fig. 2 were examined using genes 
at eleven loci controlling nine enzymes as markers. An isozymic analysis concluded that, because most 
of the pairs of five populations showed significant differences in all the allele frequencies at more than 
one locus, the populations examined were genetically independent of each other. Furthermore, based on 
the genetic distances among the six local populations of catfish, the dendrogram revealed that genetic 
relationships of the populations could be determined (Fig. 3) . The relationships between the populations 
of Prachin Buri and Chachoeng Sao, or Pattani and Yala were very close genetically, whereas the 
relationship between the Chiang Rai and Pattani (or Yala) populations was genetically distant. A vertical 
dotted line was drawn across the dendrogram to delineate a group with a distance of 0.01. A genetic 
distance of 0.01 was considered to correspond to a local race level based on the results of analyses of 
many kinds of animals. Using this vertical dotted line, the five local populations were divided into two 
groups, which indicated the differentiation of local races into north/central and south groups. The 
distribution of this species was strongly related to geographical distance or geographical regions in 
Thailand. The country of Thailand consists of three regions: the central plains, northeastern plains and 
southern plains. In this research, these three wide regions could be differentiated as a whole with respect 
to catfish strain, which suggested the possibility of genetic segregation of wild populations. It is 
important to identify local strains for breeding in in aquacultural applications, since hybridization among 
local races can lead to heterosis, enabling increased productivity. 

The steady increase in world population requires that a sustainable and highly productive form of 
aquaculture be promoted as quickly as possible. Increased productivity based on selective breeding and 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/overview/fisdivision3-2.html (1 of 2) [10/7/2002 9:41:53 PM] 



fisdivision3-2 


adoption of technologies adapted to the regions in which they are practiced is expected to contribute to 
the promotion of sustainable aquacultural production. 

Fig. 1. Production of prawns, catches, and culture in Thailand. 



Fig. 2. Sampling sites of catfish and snake-head fish.(29 KB) 

Fig. 3. Dendogram depicting the relationship among local populations of catfish Thailand. 
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Forward to Okinawa Subtropical Station 
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OKINAWA SUBTROPICAL STATION 


The Ok in awa Subtropical Station is located in Japan’s southernmost city, Ishigaki (2,100 km southwest 
from Tokyo). The station is the only national research organization carrying out agricultural research 
under subtropical conditions. 

Research at the Station includes: (1) introduction, acclimatization and cultivation of tropical vegetables; 
(2) improvement of tropical crops and development of breeding methods; (3) introduction and cultivation 
of new cultivars of tropical fruits; (4) improvement of methods for rapid generation advance for hybrid 
populations of rice and wheat; (5) studies of viral diseases and insect pests of tropical plants; (6) 
utilization of soil microorganisms and genetic regulation of nutrition in tropical crops, and (7) 
international collaboration for the improvement of agricultural technology in the tropics. Under (7), 
researchers from developing countries are invited to undertake advanced studies at the International 
Collaboration Section of the Station. In 1996, ten researchers from eight countries participated in the 
Visiting Research Fellowship Program. In this program, emphasis is placed on studies for the optimum 
utilization of bio-resources for conservation of the environment and sustainable agricultural production in 
the tropics. 

JIRCAS host and Visiting Reserch Fellows at the Okinaw Subtropical Station. 

(Photo : S.Tobita.)(18 KB) 

Topic 1:Large-scale production of lateral shot seedlings of sugarcane using hydroponic systems 

Topic2:Cryopreservation of taro shoot tips (Colocasia esculenta (L.) Schott) by vitrification 

Topic3:Detection of capsid antipain proteins of viruses in papaya using protease inhibitor 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/overview/ossdivision1.html [10/7/2002 9:41:56 PM] 







http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/overview/45-1.jpg 

h b 



http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/overview/45-1 .jpg [10/7/2002 9:41:57 PM] 


ossdivision2-2 


TOPIC 1 : Large-scale production of lateral shot seedlings of sugarcane using hydroponic systems 

On the Nansei islands of Japan where typhoon and drought frequently occur, sugarcane is a major crop. 
However, production of sugarcane, especially at the time of planting and harvesting, requires so much 
labor that few farmers are interested in growing it. The harvesting of sugarcane has greatly improved 
through mechanization by sugar manufacturing companies, but the planting of rooted cuttings is still 
done one at a time using a planter. Although the rearing of high-nodal position tiller seedlings has 
already been developed through machine setting, this requires cultivation of the mother plant to the 
desired length of lateral shoots. The growth of the lateral shoots, however, is unstable. Thus sufficient 
production of high-nodal-position tiller seedlings cannot be guaranteed. 

The JIRCAS Okinawa subtropical station developed low input hydroponics, allowing cultivation of 
sugarcane by the large-scale production of lateral shoot seedlings. In this system, sugarcane stem cuttings 
placed vertically in the nutrient solution were allowed to develop roots in the lowest node and in large 
portions of the first, second and third levels of lateral shoots. As observed in the field, lateral shoot 
production was found only in the upper three nodes, whereas in the hydroponic system, lateral shoots 
developed in almost all the nodal positions. Thus, we were able to show that using a hydroponic system, 
a great number of lateral shoots could be produced in just a small area. Also using this system, we 
examined the effects of various culture media on the elongation of lateral shoots. The results showed that 
Magic Soil and Jam Breaker, which are both made from chemical fibers, are the best media for lateral 
shoot production. Moreover, when this system was placed inside the pipe house, where the climate for 
sugarcane growth can be kept at optimum temperatures, production of lateral shoots was observed within 
a short period. Weeding and chemical application was also kept at a minimum so that nutrient deficiency 
problems could be avoided. 

Since it is now possible to produce a large number of lateral shoot seedlings from a mother plant, the 
above research will contribute to the development of a stable, mechanized planting scheme. 

Figure 1:Sugarcane greenhouse cultivation.(21KB) 

Topic2:Cryopreservation of taro shoot tips (Colocasia esculenta (L.) Schott) by vitrification 
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TOPIC 2: Cryopreservation of taro shoot tips (Colocasia esculenta (L.) Schott) by vitrification 

Through recent remarkable technical progress, cryopreservation is recognized as a practical and efficient tool for long-term storage of vegetatively-propagated 
plant germplasm. However, cryopreservation of tropical species still has been less extensively investigated than that of cold hardy species. Although cells and 
somatic embryos of about 30 tropical species have been well-preserved in liquid nitrogen (LN 2 ), information on the effective cryopreservation of shoot 
primordia of tropical species is still limited. This project aims to develop simple techniques for the efficient and stable cryopreservation of shoot tips of 
vegetatively propagated tropical crops. 

Among different strategies for successful cryopreservation, the vitrification method was applied because the handling of explants by this method is relatively 
simple and the method has been reported to be successful with complex tissues such as meristems rather than cells. The principle of the vitrification method is 
to dehydrate a specimen by exposing it to a vitrification solution of a high osmolality, thus altering the condition of intracellular water. This also allows for the 
penetration of antifreeze substances in the vitrification solution so that the specimen is vitrified by rapid cooling in LN 2 . A procedure for vitrification was 
successfully developed for shoot tips of taro, one of the common and most important tuber crops grown throughout the humid tropics and sub-tropics. 

The conditions of the vitrification method were investigated in detail and optimized by using Colocasia esculenta (L.) Schott var. antiquorum cv. Eguimo as 
experimental material. We concluded the following concerning the successful cryopreservation of taro shoot tips: (1) conditioning culture with a high 
concentration of sucrose (120g/l) is very effective for raising and stabilizing post thaw survival compared with the shoot tips from the plants raised on the 
medium with 30g/l sucrose, a common condition for in vitro multiplication of taro, (2) proper size of shoot tips should be used, (3) preculture of dissected 
shoot tips with 0.3M sucrose prior to the cryogenic procedure improved post-thaw survival, and (4) loading is an essential procedure to improve tolerance to 
the dehydration by PVS2, a vitrification solution used in this study. The finalized protocol is summarized in Table 1. 

Shoot tips which successfully vitrified and warmed using this protocol resumed growth within 7 days and developed shoots directly without intermediate 
callus formation (Fig. la). Almost all the shoot tips that survived were successfully transferred to soil in pots (Fig. lb). No morphological abnormalities were 
observed in plants developed from cryopreserved shoot tips. 

The protocol developed was applied to different cultivars of triploid and diploid taro and post thaw survival rates of 67-100% were obtained for the different 
genotypes (Table 2). The protocol is considered valuable for the long-term preservation of taro germplasm and further studies are needed to expand the 
applicability of this procedure to other species belong to the family Aracea. 


Table 1. 

Protocol developed for cryopreservation of taro shoot tips by vitrification 

Step 1: 

Culture the shoot tip donor plants on Murashige and Skoog medium(MS) 
supplemented with 120g/l sucrose for three weeks (conditioning culture) 

Step2: 

Dissect shoot tips shoot tips (0.5-0.8mm in length, apical dome + 1-2 leaf 
primordia) 

Step3: 

Preculture the shoot tips on MS containing 0.3M sucrose for 1 night at 25°C 

Step4: 

Treat the precultured shoot tips with a loading solution [2M glycerol + 0.4M sucrose] for 20min at 25°C 

Step5: 

Expose the loaded shoot tips to PVS2 [ 30%(w/v) glycerol + 15%(w/v) 
ethylene glycol +15%(w/v) DMSO + 0.4M sucrose ] for lOmin at 25°C 
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Step6: 

Directly plunge into liquid nitrogen (LN 2 ) and store 

Step7: 

Rapidly rewarm the cryopreserved shoot tips in a 40°C-water bath 

Step8: 

Soak the shoot tips into 1.2M sucrose for lOmin at 25°C 

Step9: 

Reculture the shoot tips on two layers of blotting paper over MS 
supplemented with 0.3M sucrose 

SteplO: 

Transfer the shoot tips to MS containing 0.1M sucrose for regrowth of 
plantlets 


Fig. 1. A) Taro shoots formed from cryopreserved shoot tips by vitrification. Dead shoot tips turned white 
whereas those which survived showed a green color. B) Taro plants developed from cryopreserved shoot 
tips by vitrification. 


Table 2. Post-thaw survival of taro(Colocasia esculenta)shoot tips subjected to vitrification methods. 


Scientific names (2n) 

Cultivars 

Post thaw survival rate (%+SE) 

Colocasia esculenta 



var. antiquorum (3x=42) 

Eguimo 

100.0+0.0 


Dodare 

100.0±0.0 

var. esculenta (2x=28) 

Kabira 

83.3+7.5 


Ginowan 

95.3+3.2 


So 

66.6+5.4 


Sap 

75.0+4.2 



a : The shoot tips were treated as shown in Table 1. 
b : Six shoot tips were tested for each of these 

Forward to Miscellaneous Projects Outline 

Back to Contents 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/overview/ossdivision3-2.html (2 of 2) [10/7/2002 9:42:01 PM] 








MISCELLANEOUS PROJECTS OUTLINE 


MISCELLANEOUS PROJECTS OUTLINE 


In addition to international collaborative projects, JIRCAS conducts a variety of miscellaneous projects: 
domestic projects, in cooperation with other MAFF institutes; commissioned research, principally in 
cooperation with universities; cross-ministry/agency projects currently with the Science and Technology 
Agency and the Environment Agency; and special allotment projects. 

DOMESTIC PROJECTS 


Collaborative operations pertaining to the Agriculture, Forestry and Fisheries Gene Bank 

(Biological Resources Division and Okinawa Subtropical Station, 1989-ongoing) 

Comprehensive research on ordering mechanisms of agriculture, forestry and fisheries ecosystems 
and elucidation of optimal means of governance 

(Animal Production and Grassland Division, 1995-1998) 

Development of methodology to forecast changes in the structure of the production and 
consumption of agricultural products in the context of internationalization 

(Research Information Division, 1995-1997) 

The elucidation of endophyte functions to develop new forms and qualities 

(Animal Production and Grassland Division, 1996-1998) 

Comprehensive research pertaining to trade and industry in the realm of agriculture, forestry and 
fisheries, resources, and the environment 

(Crop Production and Postharvest Technology Division, 1996-2000) 

New usages for wheat crops: The development of high-quality field crops and their utilization 
technology 

(Okinawa Subtropical Station, 1996-2005) 

Development of an agricultural information evaluation tool using GIS interface 

(Research Information Division, 1997-2002) 

Studies on the improvement of crop adaptation to high temperature stress 

(Okinawa Subtropical Station, 1997-2001) 

COMMISSIONED RESEARCH 


Distribution and ecology of Vigna species in tropical regions of Asia 

(Biological Resources Division in cooperation with The University of the Ryukyus, 1994-1996) 

Desertification in cool, dry areas and accompanying changes in systems of agricultural dynamics 

(Environmental Resources Division in cooperation with Nihon University, 1995-1997) 
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Evaluation of salinity tolerance in wild species of rice and elucidation of tolerance mechanisms 

(Okinawa Subtropical Station in cooperation with The University of the Ryukyus, 1996-1999) 

RESEARCH PROJECTS WITH OTHER GOVERNMENT AGENCIES AND MINISTRIES 


In cooperation with the Science and Technology Agency 

Oceanographic investigations: Fluctuations in tropical mangrove forests and evaluation of possible 
influences 

(Forestry Division, 1990-1997) 

Global research network: set-up of data-base for changes in desertification 

(Environmental Resources Division, 1994-1996) 

Study on endocrine responses of somatotropin in livestock animals in tropical environments 

(Animal Production and Grassland Division, 1996) 

Biology of the asiatic palm weevil, Rhabdoscelus lineaticollis, a new sugarcane pest in Okinawa 

(Okinawa Subtropical Station, 1996) 

Development of an integrated long term monitoring method for transpiration 

(Environmental Resources Division, 1996) 

In cooperation with the Environmental Agency 

Research for the development of technology to inhibit the production and emission of methane and 
nitrous oxide from agricultural fields 

(Environmental Resources Division, 1995-1997) 

MAFF SPECIAL RESEARCH ALLOTMENTS 


Stabilization of rice culture under water stress in the tropics utilizing a broader spectrum of 
genetic resources 

(JIRCAS in cooperation with the International Rice Research Institute (IRRI), 1994 - 1999) 

Sustainable cultivation of upland crops in the semi-arid tropics 

(JIRCAS in cooperation with International Crops Research Institute for the Semi-Arid Tropics 
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INVITATION PROGRAMS AT JIRCAS 


As part of JIRCAS's role as an international research center, we have implemented several systems for 
the invitation of foreign researchers and counterpart administrators. These programs serve to facilitate the 
exchange of information and opinion concerning agriculture, forestry and fisheries administration and to 
strengthen international research ties with scientists and administrators in other countries. Below is a 
description of two of our fellowship programs. Beginning in 1998, application materials will be available 
via the JIRCAS website. 

JIRCAS Visiting Research Fellowship Program at Okinawa 


This program was initiated in FY 1992 before TARC was reorganized into JIRCAS. Post-doctoral level 
scientists are invited to conduct research for a period of one year at the Okinawa Subtropical Station. 
Research focuses on important topics related to tropical agriculture in developing countries. Research 
themes are divided into several major categories: 1) Development of techniques for environmental 
control by using plants and microorganisms specific to the tropics and subtropics; 2) Studies on 
mechanisms of heat-tolerance of tropical and subtropical crops; 3) Identification and evaluation of 
salt-tolerant crops; and 4) Evaluation and development of long-term conservation techniques of genetic 
resources of vegetatively propagated crops in the tropics and subtropics. Ten fellows are generally 
chosen every year and begin their term on October 1 ending September 30 of the following year. Recent 
activity is summarized below. More information on the Okinawa Fellowship Program can be obtained by 
contacting the International Relations Section, Japan International Research Center for Agricultural 
Sciences, 1-2, Ohwashi, Tsukuba, Ibaraki, 305-8686, Japan. (Tel.: 81-298-38-6335 Fax: 81-298-38-6337 
Telex: 3652456 JIRCAS J) 

A list of the 1996 Okinawa Research Fellows 


Photo JIRCAS visiting research fellows and hosts outside the Okinawa Subtoropical Station. 

JIRCAS Visiting Research Fellowship Program at Tsukuba 


A program similar to the Okinawa Visiting Research Fellowship Program has been implemented on the 
Tsukuba premises since October 1995. The fellowship aims at the promotion of collaborative research to 
address various problems confronting countries in the developing regions. The program allows for the 
invitation of 6 researchers per year. Four persons are engaged in 2-year projects at JIRCAS and 2-3 
scientists carry out short-term (5 months) projects at the National Institute of Agrobiological Resources 
(NIAR). More information on the Tsukuba Fellowship Program can be obtained by contacting the 
International Relation Section, Japan International Research Center for Agricultural Sciences, 1-2, 
Ohwashi, Tsukuba, Ibaraki, 305, Japan. (Tel.: 81-298-38-6335 Fax: 81-298-38-6337 Telex: 3652456 
JIRCAS J) 

A list of the 1996 Tsukuba Research Fellows 
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Photo JIRCAS visiting research fellows and staff examine reading from the ESC A (Electron 

Spectroscopy for Chemical Analysis). 

Other fellowships for visiting scientists 

The Government of Japan sponsors a post-doctoral fellowship program for both Japanese and foreign 
scientists through the Science and Technology Agency (STA). The program places post-doctoral fellows 
in national research institutes throughout Japan according to research theme and prior arrangement with a 
host for a term of generally 1-3 years. Fellowships can be undertaken in any of the ministries and many 
fellows are currently working at the various institutes of MAFF.At present, the following four visiting 
scientists are residing at JIRCAS: Dr. O.A. Welker (Germany), Biological Resources Division; Dr. B.A. 
Yakubov (Republic of Uzbekistan), Biological Resources Division, Dr. Chien Hsiaoping (People’s 
Republic of China), Research Information Division, and Dr. Mingyuan Du (People’s Republic of China), 
Environmental Resources Division. In addition, two Japanese fellows, Dr. N. Aoki and Dr. T. Urao, are 
also conducting research at JIRCAS. 

Forward to Symposia and Workshops 
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Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics 

Lukman Gunart 

Central Research Institute for Food Crops, Indonesia 

Mutagensis of Azospillumon exopolysaccharide production and IAA excretion and its effect on 
the growth of lowland rice 

Dianou Dayeri 

Institute d'Etudes et de Recherches Agricoles, Burkina Faso 

Isolation and characterization of methanotrophic and methanogenic bacteria from a subtropical 
paddy field 

Studies on the mechanism of heat-tolerance of tropical and subtropical crops 

Lin Baiqing 

Institute of Vegetables and Flowers, China 

The roles of Hydroxyproline-rich Glycoproteins (HRGPs, extensin) in susceptible and resistant 
genotypes of Brassica pekinensis Rupr. response to heat treatments 

Harvinder Singh Talwar 

ICRISAT,India 

Studies on physiological basis of heat tolerance in groundnut ( Arachis hypogaea L.) 

Padmanaban Annmalai 

University of Madras, India 

Development of PCR basde marker for heat tolerance and cloning of its related genes in Brassica 
oleracea var. capitata L. 

Identification and evaluation of salt tolerance crops 


Lin Hongxuan 

China National Rice Research Institute 

Genetic characterization of salinity tolerance in rice and its wild relatives, and introduction of 
salinity tolerance into rice germplasm mainly through biotechnological procedures 

Armenia Mendoza 

University of the Philippines 

Physiological and biochemical mechanisms of genotype variability in response to salt stress in 
rice callus and somatic hybrids 

Somsong Chotechuen 

Chainat Field Crops Research Center, Thailand 

Physiological responses of rice seedlings after solinization, and in vitro selection of EMS-treated 
cell suspension cultures of rice for salt tolerance 

Evaluation and development of long-term conservation techniques of genetic resources of vegetatively propagated crops in the tropics and subtropics 

Nguyen Tien Thinh 

Nuclear Research Institute, Vietnam 

Development of techniques for in vitro conservation of tropical root crops 

Pius Michael Kyesmu 

University of Jos, Nigeria 

Cyropreservation of the West African tuber crop Rizga ( Plectranthus esculentus N.E. Br.) 

from October 1996 to September 1997 


Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics 

Dianou Dayeri 

Institute d'Etudes et de Recherches Agricoles, Burkina Faso 

Establishment of a model ecosystem in vitro of methane production and oxidation to elucidate the 
mechanism of methane emission from wetland paddy fields with reference to the devlopment of 
techniques for environmental control 

El-Khwas Hussein Moustafa 

Cairo University, Egypt 

Utilization of associative diazotrophic bacteria for promoting plant growth and saving fertilizer 

Studies on the mechanism of heat-tolerance of tropical and subtropical crops 

Harvinder Singh Talwar 

ICRISAT,India 

Physiological basis of heat tolerance during flowering and pod development stages in peanut 
(Arachis hypogaesa L.) 

Padmanaban Annmalai 

University of Madras, India 

Molecular study on the function of heat shock-responsive genes in cabbage 

Identification and evaluation of salt tolerance crops 


Li Chengyun 

Yunnan Academy of Agricultural Sciences, China 

1. Studies on the relationship between salinity tolerance and cold toleerance at the booting stage 
of rice 2. Studies on the culture and regeneration of protoplasts from Porteresia coarctata, a wild 
relative of rice 

Safdar Hussain Shah 

Agriculture Research Station D-hodial, Pakistan 

Salinity tolerance and the co-tolerance phenomenon in rice at the cellular and whole-plant levels 

Maribel Dioniosio-Sese 

University of the Philippines 

Effects of salinity stress on photosynthetic and antioxidtive activities in rice at Los Banos 

Qian Qian 

China National Rice Research Institute, China 

Mapping quantitative trait loci for salt tolerance and cloning of its related genes in rice 

Evaluation and development of long-term conservation techniques of genetic resources of vegetatively propagated crops in the tropics and subtropics 
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Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics 


Nguyen Tien Thinh 

Nuclear Research Institute, Vietnam 

1. Cyropreservation of shoot tips of Banana (Musa spp.) germplasm 2. Effects of pre-conditioning 
on post-thaw survival of cyropreserved shoot tips of tropical crops 

Pius Michael Kyesmu 

University of Jos, Nigeria 

1. Optimization of cyropreservation protocol of the West African tuber crop, Prectranthus 
esculentus N.E. Br. 2. Cyropreservation of yam shoot tips (Dioscorea spp.) by vitrification 
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Long-term at JIRCAS from October 1995 to September 1997 


Methods for optimum utilization of biological resources 


Lin Qiang 

Guangxi Agricultural University, China 

Analysis of plant responses to environmental stresses and gene expression 

Zhu Weiming 

Jiangsu Academy of Agricultural Sciences, Institute of Genetics, 
China 

Development of a DNA based assay for indexing plant diseases 

Muharijadi Atomomarsono 

Research Institute of Coastal Fisheries, Inodonesia 

Development of methods for the diagnosis and prevention of diseases affecting 
aquatic animals for fresh water and marine aquaculture 

Chang Qing 

Xinjiang Institute of Biology, Pedology, and Desert Research, 
China 

Investigations of the process of rockweathering through the analysis of rock 
surfaces by electron spectroscopy 

Long-term at JIRCAS from October 1996 to September 1998 


| Methods for optimum utilization of biological resources 


Zabta Khan Shinwari 

National Agriculture Research Center, Pakistan 

Analysis of plant responses to environmental stresses and gene expression 

Gassinee Trakoontivakom 

Kasetsart University, Thailand 

Development of practical methods for the evaluation of the quality of indigenous 
crops and for the analysis of components and functionality of foods 

| Analysis and evaluation of the impact of climatic and anthropogenic factors on environmental resources 

Qian Minze 

Qinghua University, China 

Relation between climatic changes and biomass in agro-ecosystems 

Yang Hao 

Turangkexue Institute, China 

Investigations of the process of rockweathering through the analysis of rock 
surfaces by electron spectroscopy 




Short-term at NIAR from August 1996 to January 1997 


Baryah Sabita J.N. 

Assam Agricultural University, India 

Production of new biological resources thourhg the application of biotechnologial 
procedures 

| Short-term at NIAR from October 1996 to March 1997 


|Pjotr Strelchenko 

N.I. Vavilov Institute of Plant Industry, Russia 

Methods for the analysis and preparation of biodiversity 

| Short-term at NIAR from January 1997 to March 1997 


| Rolando B. So 

International Rice Research Institute, Philippines 

Methods for the analysis and control of biological functions 
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SYMPOSIA AND WORKSHOPS 

• Click here for a summary of the international symposium on the Biosafety Results of Field Tests 

of Genetically Modified Plants and Microorganisms 

• Click here for a summary of the Japan-Korea seminar on direct seeded rice 

• Click here for a summary of the seminar on the Brackish Water Project in Malaysia 

• Click here for a summary of the Mekong Delta Farming Systems Research Project Workshop 

• Click here for information on other symposia and workshops 
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TOPIC 3: Detection of capsid antipain proteins of viruses in papaya plant using protease inhibitor 


The papaya leaf-distortion mosaic vims (PLDMV) and P strain of papaya ringspot virus (PRSV-P) cause 
serious diseases of papaya (Carica papaya L.),which have only been partially controlled by 
conventional methods. An alternative control method is to coat protein mediated protection through the 
transfer and expression of the viral capsid protein (CP) gene in papaya. 

Western blotting is commonly used for the serological detection of CPs of vimses. Thus far, however, no 
CP band of papayas viruses has been detected by western blotting when they were extracted directly 
from papaya plants. Since it was presumed that CP was digested by papain (sulfhydryl protease) in 
papaya tissues during extraction, an attempt was made to detect them by inhibiting the enzyme activity of 
papain. 

Antipain isolated from culture filtrates of Actinomices has been reported as a specific enzyme inhibitor of 
papain. It was found that CP was clearly detected when 0.1-1 mg/ml of antipain was added to the 
extraction buffer at the first step of western blotting procedure (Fig. 1), and modified western blotting for 
papaya’s viruses was established. This method is expected to accelerate the transgenic papaya 
production. 

Fig, 1 Procedure of western blotting for detecting papaya viruses.(52 KB) 
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TOPIC 2: Estimation of regional edible feed resources in a barley/rangeland zone in Northeastern 
Syria 


Within the dry marginal lands in West Asia and North Africa which receive an annual precipitation 
between 200-300mm, barley cropping and rangeland grazing for small ruminant production are the main 
land use systems. In these systems, native plants in rangelands comprise the major feed resources during 
winter and spring, whereas barley stubbles after the harvest contribute during dry summer and autumn. 

In such systems, rapid land degradation is being accelerated by overgrazing, fuel cutting and 
inappropriate cropping. Estimation of the feed resource distribution and the carrying capacity of livestock 
in a whole region are fundamentally important to avoid degradation problems through improved land use 
systems. 

In the Abdul Aziz test zone of 95,000 ha, northeastern Syria, feed resources were classified into 8 groups 
using Landsat TM data assisted by a series of vegetation surveys to monitor changes in botanical 
composition and aerial biomass. As presented in figure 2, the classified feed resources are barley 
(yellow), fallow (brown), forests (green), and five native vegetations of various plant components (red, 
reddish brown, charcoal, blue and gray). 

The total edible feed biomass is 63,000 tons per year, where barley cropping contributes 68% of the 
biomass from 32% of the total area. The natural plants, shrubs and herbaceous species on rangelands 
contribute 31% of the total biomass from 61% of the area. 

This study revealed the regional distribution of feed resources and the quantitative assumption of edible 
biomass, which is the key information for setting a maximum number of small ruminants in the region 
without degradation risks. This method can be applied in similar arid environments to lead to sustainable 
livestock production and land use development. 

Figure 1: Stubble grazing after barley harvest in early May. Until the end of the dry season, local animals 

stay in villages for grazing in the fields. From September, animals will be moved to hilly rangelands 

where they graze on native plants grown mainly during the rainy season. (October to April). (32 KB) 

Figure 2: Feed resources of eight classes in the Abdal Aziz test zone. Northeastern Syria. Local 

distribution of barley fields, fallow, forest and five classes of native vegetation on rangelands were 

classified by local surveys and Landstat TM data (band 2, 3, 4). (60 KB) 
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TOPIC 2: New disease resistant varieties of cucumbers and strawberries in China 


The urban areas of China require a stable supply of fruits and vegetables because of recently increasing 
demand. Cucumber is one of the major vegetables cultivated in the Shanghai region, but it is susceptible 
in the field to Fusarium wilt and downy mildew. The cucumber varieties also tend to exhibit low yield 
and late maturity. Strawberries are a main fruit, and their demand is also increasing remarkably in 
Shanghai. However, varieties with strong disease resistance and high fruit quality in forcing culture are 
lacking. 

Therefore, we attempted to develop new varieties of cucumbers and strawberries with good disease 
resistance, high-yield ability and high quality by using the genetic resources of Japan and China and 
adapting them to the Shanghai area. 


1) New cucumber variety Hu 116 and Hu 119. Hu 116 is a FI variety (Photo. 1) which was derived 
from a cross between 0202-1-1 (progeny line of Rensei) and SK-11 (progeny line of Shinkoufushinari 11) 
and has early maturity. Hu 116 has been observed to have high resistance to Fusarium oxyporum 
sch.f.sp.cucumerinum and Pseudoperonospora cubensis Rostowzew in the results of an early testing 
method and in the field. Hu 116 has many female flowers and its yield is about 10 to 15% higher than 
Shinkofushinari 11. The fruit length is about 21 to 24 cm. The skin color is deep green and has few 
nodules or spines. 

Hu 119 is a FI variety, which was derived from a cross between 0202-1-1 and 019-2 (progeny line of 
Chinese variety). Hu 119 has shown a similar degree of resistance to F. oxyporum and P. cubensis as Hu 
116. Hu 119 has lower female flower bearing ability than Hu 116, but it produces steady harvesting 
during the growing period. Like Hu 116, the fruit quality is good. Hu 116 and Hu 119 are adapted to the 
semi-forcing culture found in the whole of the Shanghai area and the area of Jhejiang, Jiangsu, 

Shandong, and Sichuan. 


2) The new strawberry variety Shinkyoku 1 and Shinkyoku 2 . The new strawberry varieties 
Shinkyoku 1 and Shinkyoku 2 were selected from hybrid seedlings crossed between Japanese strains. 

The total yield of Shinkyoku 1 continuing until April is higher than that of Toyonaka or Hokouwase. The 
fruit is large in size, about ll-14g, conic in shape and has a shiny scarlet skin color. The contents of 
soluble solids in the fruits were considerable, rating between 8 and 10 on the Brix scale. The flesh is firm 
and the skin is hard, so this new variety has good transportability. In Shanghai, strawberry anthracnose, 
which is caused mainly by Colletotrichum acutatum Simmonds, is also caused by C. fragariae Brooks. 
Shinkyoku 1 has higher resistance to the above anthracnose species than Hokouwase and also has 
resistance to gray mold. 

The harvesting season of Shinkyoku Q' is earlier than that of Toyonoka. The yield within the year (from 
November to December) and the early yield from November to February is higher than Toyonok', thus 
this variety has many early fruits. The fruit is large, about 10-1 lg in the weight, conically shaped, and 
shiny scarlet in color. It is also very sweet, but moderately sour and very juicy, making it quite tasty. The 
fruit also has a high vitamin C content. Shinkyoku Q has higher resistance to Colletotrichum acutatum 
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Simmonds and C. fragariae Brooks than Hokouwase. Shinkyoku 1 and Shinkyoku 2 are well adapted to 
the forcing culture of the Shanghai area. 


Photo 1 : New disease resistant varieties of cucumbers under cultivation. (22 KB) 

Photo 2 : New experimental varieties of strawberries. (20 KB) 
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PUBLISHING AT JIRCAS 

OFFICIAL JIRCAS PUBLICATIONS 

1) JIRCAS Journal for Scientific Papers 

2) JARQ (Japan Agricultural Research Quarterly) 

3) Annual Report 

4) JIRCAS Newsletter 

5) JIRCAS International Symposium Series 

6) JIRCAS Working Report 

7) JIRCAS International Agriculture Series 

1) JIRCAS News 

2) JIRCAS Working Report 

3) JIRCAS International Agriculture Series 

4) JIRCAS Research Highlights 


In English 

No.4 

Vol.30 - No.2, No.3 - No.4, Vol.31 - No.l 
1995 

No. 7, No.8, No.9, NolO 

No.4 Innovative Weed Management Strategy for sustainable Agriculture 

No.4 Sustainable Utilization Coastal Ecosystems 

No.3 Roots and Nitrogen in Cropping Systems of the Semi-Arid Tropics 

In Japanese 

No.7, No.8, No.9, No.10 

No.3 Soil and Agriculture of Turpan, China 

No.5 Development of Sustainable Agricultural Systems in Northeast Thailand 

No.2 Traditional Food in Asia 

No.3 


LIBRARY HOLDINGS (April 1, 1996 - March 31, 1997) 



Books 

Periodicals 

(titles) 

Materials (Proceedings, maps and other) 

Language 

Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Japanese 

51 

397 (4) 

448 

80 

524 

604 

10 

497 

507 


(3) 


(7) 

(33) 

(77) 

(110) 




Foreign 

33 

461 

494 

155 

311 

466 

12 

208 

220 


(5) 

(3) 

(8) 

(29) 

(40) 

(69) 




Total 

84 

858 

942 

235 

835 

1070 

22 

705 

727 


(8) 

(7) 

(15) 

(62) 

(117) 

(179) 
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Research staff activity 
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RESEARCH STAFF ACTIVITY (1996-1997) 

Journal articles, book chapters, and monographs 

Adachi, K., Oyediran, G. and Senboku, T. (1996). Effect of application of rice straw and 
cellulose on methane emission and biological nitrogen fixation in a subtropical paddy field. 
II. Enumeration of population of methanogenic bacteria by the most probable number 
method and roll tube method. Soil Science and Plant Nutrition 42(4): 713-723. 

Adu-Gyamfi, J.J., Gayatri Devi, Rao, T.P., Katayama, K. and Ito, O. (1996). Estimation of 
soil nitrogen status in intercropping through soil solution. In “Roots and nitrogen in 
cropping systems of the semi-arid tropics” Eds. Ito, I., Johansen, C., Adu-Gyamfi, J.J., 
Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International Research Center for 
Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International Agriculture Series, 3: 
453-468 

Adu-Gyamifi, J.J., Gayatri Devi, Rao, T.P., Katayama, K. and Ito, O. (1996). Improvement 
of soil and fertilizer nitrogen use efficiency in sorghum/pigeonpea intercropping. In “Roots 
and nitrogen in cropping systems of the semi-arid tropics” Eds. Ito, I., Johansen, C., 
Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International 
Research Center for Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International 
Agriculture Series, 3: 493-506. 

Ahmad, H., Hayase, S. (1996). Structure of fish assemblages in Selangor/Matang 
Mangroves on the West Coast of Peninsular Malaysia. JIRCAS Working Report 4: 27-35. 

Akita, T., Yoshihara, S., Komatsu, M., Kato, H. (1996). Immunological characteristics in 
Mei-shang pigs: Complement fixation, C3 concentration, antibody production and skin 
structure. Animal Science and Technology (Supplement): 92-9. (J) 

Ando, S., Yokoyama, T., Tomooka, N. and Murakami, T. (1996). Genetic diversity of 
mungbean bradyrhizobia isolated in Thailand. JIRCAS Working Report No. 2 Mungbean 
Germplasm: Collection, Evaluation and Utilization for Breeding Program. 49-51. 

Billore, S.K., Numata, S. and Minami, K. (1996). Nitrous oxide emission from grassland 
and forest soils through nitrification. Current Science, 70(11,12): 1010-1012. 

Bong, B.B., Tobita, S., Bermawie, N. and Senboku, T. (1996). Salt tolerance of cultivated 
rice varieties from Vietnam. JIRCAS Journal, 3: 75-83. 

Bujang, I., Egawa, Y., Tomooka N. and Bakar, A. (1996). Collection of wild Vigna 
germplasm in Malaysia and genetic diversity. JIRCAS Working Report No.2: Mungbean 
Germplasmpp. 25-30. 

Chapman, S.J., Kanda K., Tsuruta, H. and Minami, K. (1996). Influence of temperature and 
oxgen availability on the flux of methane and carbon dioide from wetlands: A comparison 
of peat and paddy soils. Soil Science & Plant Nutrition, 42: 269-277. 

Cole, V., Cerri, C., Minami, K., Mosier, A., Roserberg, N. and Sauerbeck, D. (1996). 
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Chapter 23: Agricultural options for mitigation of greenhouse gas emission. Climate Change 
1995, IPCC, Cambridge University Press, pp. 745-771. 

Daido, H. and Minami, K. (1996). Agricultural characteristics and research situation in 
Central Asia, (4) Turkmenistan. Agriculture Former USSR & East Europe, 7: 14-21. (J) 

Egawa, Y., Bujang, I. Chotechuen, S., Tomooka, N. and Tateishi, Y. (1996). Phylogenetic 
differentiation of tetraploid Vigna species, V. glabrescens and V. reflexo-pilosa. JIRCAS 
Journal, 3: 49-58. 

Egawa, Y., Chotechuen, S., Tomooka, N., Lairubgreang, Nakeeraks, P., Thavarasook, C. 
and Kitbamroong, C. (1996). Collaborative research program on mungbean germplasm 
(subgenus Ceratotropis of the genus Vigna) between DOA, Thailand and JIRCAS, Japan. 
JIRCAS Working Report No. 2: Mungbean Germplasm: 1-9. 

Fuentes, S., Mayo, M. A., Jolly, C.A., Nakano, M., Auerci, M. and Salazar, L.F. (1996). A 
novel luteovirus from sweet potato: Sweet potato leaf speckling virus. Annals of Applied 
Biology, 128(3): 491-504. 

Fujii, Y., Azumi, Md., Watanabe, H. (1997). Screening of allelopathic plants for weed 
control in Malaysia. Weed Research, Japan, 42(Supplement): 9. (J) 

Gayatri Devi, Rao, T.P., Adu-Gyamfi, J.J., Katayama, K. and Ito, O. (1996). Simulation of 
rooting profile using soil properties, crop characteristics, and climatic data. In: “Roots and 
nitrogen in cropping systems of the semi-arid tropics” Eds by Ito, I., Johansen, C., 
Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International 
Research Center for Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International 
Agriculture Series, 3: 573-584. 

Hamdan, P., Mansor, M. and Watanabe, H. (1996) Yield component analysis of direct 
seeded rice under several densities of red sprangletop [Leptochloa chinensis (L.) Nees] in 
Peninsular Malaysia. Weed Research, Japan, 41(3): 216-224. 

Hatta, T. and Kainuma, K. (1996). Surface analysis of polysaccharides by X-ray 
photoelectron spectroscopy, Journal of Applied Glycoscience, 43(3): 35. 

Hatta, T. and Nemoto, S. (1996). ESCA (XPS) Introduction to analysis for geochemical 
samples: Analytical methods for soil components (IV). Hakuyusha: 109-132. (J) 

Hatta, T. and Saito, N. (1996). An approach to study of the alteration and formation of 
minerals by X-ray photoelectron spectroscopy. Chikyu, 18(4): 236-240. (J) 

Hayase, S. (1996). Methods for food-chain analysis in aquatic ecosystems. JIRCAS 
Working Report No. 4: 51-62. 

Hisada, M., Moriguchi, T., Hidaka, T., Koltunow, A.M., Akihama, T. and Omura, M. 

(1996). Random sequencing of sweet orange ( Citrus sinensis Osbeck) cDNA library derived 
from young seeds. Journal of the Japanese Society for Horticultural Science. 65(3): 487-495. 

Hosen, Y. and Tsuruta, H. (1997). Effect of soil depth on the production of nitric oxide. 
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Research Reports of Division of Environmental Planning, NIAES, 13: 67-81. (J) 

Igarashi, Y., Yoshiba, Y., Sanada, Y., Yamaguchi-Shinozaki, K., Wada, K. and Shinozaki, 
K. (1997). Characterization of the gene for Dl-pyrroline-5-carboxylate synthetase and 
correlation between the expression of the gene and salt tolerance in Oryza sativa L. Plant 
Molecular Biology, 33: 857-865. 

Imaizumi, M. (1996). Determination method for landslide slip surface locations in tertiary 
mudstone area by neutron moisture well logging. Journal of Japan Landslide Society, 32(4): 
9-18. (J) 

Imaizumi, M. (1996). Geochemical evolution of shallow groundwater on tertiary mudstone 
landslide slopes in Itakura, Niigata Prefecture. Journal of the Japan Society of Engineering 
Geology, 37(1): 2-18. (J) 

Imaizumi, M., Okuyama, T., Komae, T. and Hamada, H. (1996). Study of the fault system 
within the Bandai-san explosion caldera of 1888 using the VLF-EM method and 
radioactivity prospecting. Journal of the Japan Society of Engineering Geology, 36(5): 
322-338. (J) 

Ishiki, K., Nakano, H. and Shirai, K. (1996). Root and tuber crops of the Incas (6). 
Information for the Promotion of Root and Tuber Crops, 47: 13-20. (J) 

Ito, O., Katayama, K., Adu-Gyamfi, J.J., Gayatri Devi and Rao, T.P. (1996). Root activities 
and function in component crops for intercropping. In: Roots and nitrogen in cropping 
systems of the semi-arid tropics. Eds. Ito, I., Johanse, C., Adu-Gyamfi, J.J., Katayama, K., 
Kumar Rao, J.V.D.K. and Rego, T.J. Japan International Research Center for Agricultural 
Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International Agriculture Series 3: 159-172. 

Ito, O., Matsunaga, R., Katayama, K., Tobita, S., Adu-Gyamfi, J.J., Kashiwagi, J., Rao, T.P. 
and Gayatri Devi (1996). Dynamics of roots and nitrogen in cropping systems of the 
semi-arid tropics. JIRCAS Journal, 3: 33-48. 

Iuchi, S., Yamaguchi-Shinozaki, K., Urao, T. and Shinozaki, K. (1996). Characterization of 
two cDNAs for novel drought-inducible genes in the highly drought-tolerant cowpea. 
Journal of Plant Research, 109: 415-424. 

Iuchi, S., Yamaguchi-Shinozaki, K., Urao, T. and Shinozaki, K. (1996). Novel 
drought-inducible gens in the highly drought tolerant-cowpea: Cloning of cDNAs and 
analysis of the expression of the corresponding genes. Plant Cell Physiology, 37: 

1073-1082. 

Kaga, A., Tomooka, N., Egawa, Y., Hosaka, K. and Kamishima, O. (1996). Species 
relationships in the subgenus Ceratotropis (genus Vigna) as revealed by RAPD analysis. 
Euphytica, 88: 17-24. 

Katayama, K., Adu-Gyamfi, J.J., Gayatri Devi, Rao, T.P. and Ito, O. (1996). Root system 
development of component crops in intercropping. In: Roots and nitrogen in cropping 
systems of the semi-arid tropics. Eds. Ito, I., Johansen, C., Adu-Gyamfi, J.J., Katayama, K., 
Kumar Rao, J.V.D.K. and Rego, T.J. Japan International Research Center for Agricultural 
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Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International Agriculture Series, 3: pp. 

199-210. 

Katayama, K., Adu-Gyamfi, J.J., Gayatri Devi, Rao, T.P. and Ito, O. (1996). Balance sheet 
of nitrogen from atmosphere, fertilizer, and soil in pigeonpea-based intercrops. In: Roots 
and nitrogen in cropping systems of the semi-arid tropics. Eds. Ito, I., Johansen, C., 
Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International 
Research Center for Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International 
Agriculture Series, 3: 341-350. 

Kawashima, T. Animal-Domestic animals. In: Dictionary of Southeast Asia: Natural 
features, ecology, environment, Volume 8, Kodansha, pp. 62-63. 

Kawashima, T. Manufacturing technique: Animal Production. In: Dictionary of Southeast 
Asia: Natural features, ecology, environment, Volume 8, Kodansha, pp. 244-45. 

Kifune, T. and Takahashi K. (1996). Sampling of Strepsiptera with a truck-mounted trap in 
Ishigaki Island. PULEX, 85: 459-460. (J) 

Kiyosue, T., Yoshiba, Y., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1996). Nuclear 
gene encoding mitochondrial proline dehydrogenase, an enzyme involved in proline 
metabolism, is upregulated by proline but downregulated by dehydration in Arabidopsis. 
Plant Cell, 8: 1323-1335. 

Kobayashi, H., Kamarudin D., Nai-Kin Ho. and Abdul Rahman Abu Bakar (1996). 
Comparative studies on varietal performance and cultural practices under various direct 
seeding methods in the Muda area, Malaysia. Final report of MARDI/MADA/JIRCAS 
collaborative study, 1996: 1-103. 

Komuro, K. and Hatta, T. (1996). The FeP 3/2 binding energy mapping around biotite in 
weathered granitic rocks. Annual Report of the Institute of Geoscience, the University of 
Tsukuba, 22: 53-57. 

Kondo, M., Aragones, D. and Agsibit, R. (1996). Using controlled release fertilizer in an 
upland rice. The Philippine Journal of Crop Science, 21: 23. 

Krishnamurthy, L., Johansen, C. and Ito, O. (1996). Genotypic variation in root system 
development and its implications for drought resistance in chickpea. In “Roots and nitrogen 
in cropping systems of the semi-arid tropics” Eds. Ito, I., Johansen, C., Adu-Gyamfi, J.J., 
Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International Research Center for 
Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International Agriculture Series, 3: 
235-250. 

Kumar Rao, J.V.D.K., Johansen, C., Yoneyama, T., Tobita, S. and Ito, O. (1996). 

Estimation of nitrogen fixation by the natural 15 N-abundance technique and nitrogen uptake 
by pigeonpea genotypes of different maturity groups grown in an inceptisol. Journal of 
Agronomy and Crop Science, 177: 129-238. 

Li, C., Chen, Q., Chen, Z., Luo, C., Hayashi, C. and Ise, K. (1996). Distribution of the 
mating type in Magnaporthe grisea population pathogenic to rice in Yunnan Province. 
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Scientia Agriculture Sinica, 29(6): 60-64. (C) 


Maoka, T., Prommintara, M., Kittipakom, K., Doon, Y.B., Xiao, H., Usugi, T. and Noda, C. 
(1996). Characterization of several isolates of papaya ringspot virus (PRSV) collected from 
Asian countries. Annals of the Phytopathological Society of Japan, 62: 326. 

Maoka, T., Usugi, T. and Noda, C. (1996). Modification of western blotting assay for 
detecting potyviruses in papaya plants. Annals of the Phytopathological Society of Japan, 
62: 639. 

Maoka, T. (1996). Studies on papaya ringspot virus. Annals of the Phytopathological 
Society of Japan 62: 220. (J) 


Matsumoto, K., Santosa, S., Nazmulah and Ragil, S.B.I. (1966). Biology of the green lined 
albizzia longicom, Xystrocera globosa Olivier (Colioptera: Cerambycidae) from Sumatra, 
based on laboratory breeding. Tropics, 6: 79-89. 

Matsumoto, K. and Woro, N. (1996). Establishment of Papilio demoleus L. (Papilionidae) 
in Java. Journal of the Lepidopterists' Society, 50: 139-140. 

Matsumoto, N. (1996). Management of organic matter and nitrogen in local areas. Food 
production systems for future, Norin-tokei-kyokai: 91-102. (J) 

Matsumoto, N., Mishima, S., Orita, K. and Hakamata, T. (1996). Nitrogen flow of organic 
matter resources in religion level. Hokkaido-Dojohiryo-Tsushin, 42: 47-54. (J) 

Matsunaga, R., Ito, O., Tobita, T., Rao, T.P. and Johansen, C. (1996). Effects of transient 
waterlogging and nitrogen top-dressing on the root growth of short-duration pigeonpea. In 
“Roots and nitrogen in cropping systems of the semi-arid tropics” Eds. Ito, I., Johansen, C., 
Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International 
Research Center for Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International 
Agriculture Series. 3: pp. 273-284. 

Minami, K. (1996). Agriculture, forestry and GAIA. Globalnet, 66: 2-3. (J) 

Minami, K. (1996). The change of atmospheric CH 4 and N 2 0, and livestock. The Report of 
Heisei 7 Chikusan Chousa Jigyo, 1-13. (J) 

Minami, K. (1996). Food demand prediction and environment. Food Policy Research, 87: 
62-118. (J) 

Minami, K. (1996). GAIA, agriculture and fertilizer. Fertilizer Science, 75: 8-10. (J) 

Minami, K. (1996). Global environment and desertification. Farming Japan, 30: 11-12. 

Minami, K. (1996). A goal of sustainable agriculture (1). Rakuno Journal, 3: 52-55. (J) 

Minami, K. (1996). Methane emission and its mitigation from the agro-environment. 
Bio-Industry, 9: 43-48. (J) 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1996/appendix/researchstaff1.htm (5 of 10) [10/7/2002 9:42:22 PM] 



researchstaffl 


Minami, K. (1996). Sustainable agriculture and environmental conservation. Techno 
Innovation, 6(23): 22-27. (J) 

Minami, K. (1997). A goal of sustainable agriculture (2). Rakuno Journal, 4: 54-57. (J) 

Minami, K. (1997). Agricultural options for mitigation of greenhouse gas emissions. 
Japanese Journal of Tropical Agriculture, 41: 114-120. (J) 

Minami, K. and Nikaido, T. (1996). Methane emission and its mitigation from 
agro-environment. CMC-Bioindustry, 1(4): 1-6. (J) 

Miyamoto, M. (1996). Social impact of forest development upon indigenous people and the 
increase of wooden houses: A case study in East Kalimantan, Indonesia. Transactions of the 
Japanese Forestry Society, 107: 13-16. (J) 

Mizoguchi, T., Yoshiba, Y., Yamaguchi-Shinozaki, K. and Shinozaki, K. (1996). 
Water-stress induced genes in Arabidopsis thaliana. In: Physical stress in plants: Genes and 
their propensity for tolerance, Eds. Grillo, S. and Leoneeds, A. Springer, pp. 154-161. 

Mosier, A.R., Duxbury, J.M., Freney, J.R., Heinemyer, O. and Minami, K. (1996). Nitrous 
oxide emissions from agricultural fields: Assessment, measurement and mitigation. Plant 
and Soil, 181:95-108. 

Nakashima, K. and Hayashi, T. (1997). Sequence analysis of extrachromosomal DNA of 
sugarcane white leaf phytoplasma. Annals of the Phytopathological Society of Japan, 63: pp. 
32-25. 


Nakashima, K., Prommintara, M., Ohtsu, Y., Kano, T., Imada, J. and Koizumi, M. (1996). 
Defection of 16S rDNA of the Thai isolate of bacterium-like organism associated with 
greening disease of citrus. JIRCAS Journal, 3: 1-8. 

Ngampongsai, S., Pichitpom, S., Promkum, W., Egawa, Y. and Srinives, P. (1996). 
Interspecific hybridization of mungbean and related species using embryo rescue 
techniques. JIRCAS Working Report No.2, Mungbean Germplasm: 41-46. 

Ohwaki, Y., Kraokaw S., Chotechuen S. and Egawa, Y. (1996). Physiological 
characteristics of mungbean varieties resistant to iron-deficient soils. JIRCAS Working 
Report, No.2: 60-66. 

Oka, M. (1997) Agricultural characteristics and restraints of research collaboration in Central Asia. Study 
Report of Central Asia, JOFCA: 27-49. (J) 

Oka, M. (1997) Comprehensive study on sustainable agricultural systems in Northeast 
Thailand. In: Development of sustainable agricultural systems in Northeast Thailand. Eds. 
Oka, M and Ando, S. JIRCAS Working Report, 5: 1-18. (J) 

Oka, M. and Ando, S. (Eds.) (1997) Development of sustainable agricultural systems in 
Northeast Thailand. JIRCAS Working Report, 5: 1- 87. (J) 

Oka, M. and Sato, M. (1995) Research activities of JIRCAS, MAFF. AICF Bimonthly 
Bulletin, 19(5): 1-14. (J) 
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Okada, K. (1996). Study on the mechanisms of acid-soil tolerance of upland rice in the 
savannas in South America. JIRCAS Research Highlights, 3: 9-10. (J) 

Oyediran, G., Adachi, K. and Senboku, T. (1996). Effect of application of rice straw and 
cellulose on methane emission and biological nitrogen fixation in a subtropical paddy fields: 
I. Methane emission, soil-ARA, and rice plant growth. Soil Science and Plant Nutrition, 
42(4): 701-711. 

Rao, T.P., Adu-Gyamfi, J.J., Gayatri Devi, Katayama, K. and Ito, O. (1996). Characterization of uptake 
and translocation of nitrogen in component crops of intercropping systems. In: Roots and nitrogen in 
cropping systems of the semi-arid tropics. Eds. Ito, I., Johansen, C., Adu-Gyamfi, J.J., Katayama, K., 
Kumar Rao, J.V.D.K. and Rego, TJ. Japan International Research Center for Agricultural Sciences 
(JIRCAS), Ibaraki, Japan. JIRCAS International Agriculture Series, 3: 309-322. 

Rego, T.J., Wani, S.P., Lee, K.K. and Ito, O. (1996). Nitrogen budget in soil under different 
cropping systems. In “Roots and nitrogen in cropping systems of the semi-arid tropics” Eds. 
Ito, I., Johansen, C., Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. and Rego, TJ. 
Japan International Research Center for Agricultural Sciences (JIRCAS), Ibaraki, Japan. 
JIRCAS International Agriculture Series, 3: 481-492. 

Saito, Y. and Kerridge, P. (1996). Adaptability of mixed seeding in tropical leguminous 
forage crops in South-American savannas. Grassland Science, 43 (Supplement): 3. (J) 

Sasaki, S. (1996). Mobility tests with two forest tracked vehicles. The Japan Forest 
Engineering Society, 11: 45-54. (J) 

Sato, K. and Urazaliev, E. (1997). Possibility of introduction of Onobrychis on steppes in 
Kazakstan. Grassland Science 43 (Supplement): 212-213. (J) 

Shinogi, Y. and Anyoji, H. (1996). Studies of evapotranspiration and crop coefficient in 
relation to soil water suction and leaf area index. Transactions of the Japanese Society of 
Irrigation, Drainage and Reclamation Engineering, 187 (65,7): 739-746. (J) 

Shinozaki, K. and Yamaguchi-Shinozaki, K. (1996). Molecular responses to drought and 
cold stress. Current Opinion in Biotechnology, 7: 161-167. 

Sugahara, K. (1996). Soil losses from pineapple fields on Ishigaki Island. JIRCAS Working 
Report, 4: 37-42. 

Sugahara, K., Ohwaki, Y., Banzai, K., Hasegawa, I., Kobayashi, M., Nakano, H. and 
Iwama, H. (1996). Soil erosion in pineapple fields and its control. Research Highlights 
(JIRCAS), 3: 33-34. (J) 

Suyama, S., Sakurai, Y. and Shimazaki, K.(1996) Maturation and age in days of Pacific 
saury Cololabis saira (Brevoort) in the centra North Pacific Ocean during the summer. 
Nippon Suisan Gakkaishi, 62(3): 361-369. (J) 

Suzuki, K. and Sakuma, S. (1997). Examination for morphological character of the newly 
introduced crop Raphanus sativus cv. Pakkihood. Kyushu Agricultural Research, 59: 176. 

(J) 
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Takagi, H. (1996). Cryopreservation of taro ( Colocasia escurenta (L.) Schott) and papaya 
(Caricapapaya L.) by vitrification. Tissue Culture, 22(9): 376-380. 

Takahashi, K. (1996). Studies on Coccinella septempunctata brucki mulsant as a biological 
agent for controlling alfalfa aphids. Bulletin of the National Grassland Research Institute, 

54: 15-77. (J) 

Takaya, Y., Hatta, T. and Matsukura, Y. (1996). The influence of physical properties of 
sedimentary and igneous rocks on dissolution in closed-system experiments. Transactions of 
the Japanese Geomorphological Union, 17(3): 193-202. (J) 

Terauchi, T. (1996). Collection and research activities of sugarcane genetic resources and 
related grasses worldwide. Japanese Journal of Tropical Agriculture, 40(4): 237-240. (J) 

Tobita, T., Katayama, K. Matsunaga, R., Adu-Gyamfi, J.J., Rao, T. and Ito, O. (1996). Soil 
nitrogen as a limiting factor in the intercropping system of sorghum and pigeonpea. In 
“Roots and nitrogen in cropping systems of the semi-arid tropics” Eds. Ito, I., Johansen, C., 
Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. and Rego, T.J. Japan International 
Research Center for Agricultural Sciences (JIRCAS), Ibaraki, Japan. JIRCAS International 
Agriculture Series, 3: 441-452. 

Tomooka, N., Chotechuen, S., Boonkerd, N., Vaughan, D., Egawa, Y., Yokoyama, T. and 
Tateishi, Y. (1996). Collection of root nodules from wild Vigna species (subgenus 
Ceratotropis ) in Thailand, 41(Issue 1): 93-94. (J) 
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JIRCAS 1995 ANNUAL REPORT 

Message from the Director General 



Director General 
Keiji Kainuma 


Orientation of Research Activities at JIRCAS 

More than two years have passed since JIRCAS was established on October 1, 1993. During that time I 
have had the opportunity of visiting a large number of countries and organizations where JIRCAS staff 
are engaged in or plan to carry out collaborative research. I have held discussions with both researchers 
and administrators, signed memorandums of understanding with several institutions, and attended 
meetings organized by the CGIAR and its technical advisory committee. During these visits, I was able 
to observe agricultural activities in a wide range of environments where climatic conditions and 
infrastructure level differ greatly. As a result, I was able to renew my understanding of the significance 
of requests for cooperative research with JIRCAS on the part of many countries seeking to secure a 
sustainable production of food in order to cope with projected population increases and increased 
demand for diversified food products. 

JIRCAS is currently engaged in worldwide comprehensive research activities covering all of the fields of 
agriculture, including animal husbandry, forestry and fisheries. At JIRCAS, the priorities and orientation 
of research are determined based on research requests from organizations in various foreign countries, 
detailed surveys conducted by JIRCAS staff members and other researchers from various institutes 
affiliated to the Ministry of Agriculture, Forestry and Fisheries, and discussion held during the JIRCAS 
Advisory Committee Meeting. Research themes are aimed to address urgent issues concerning 
international agriculture, including global environmental problems. The major aspects of our 
medium-range research plans (First term, until the year 2003) are outlined below. 

Overseas activities 

One of the characteristics of JIRCAS research activities overseas is the undertaking of comprehensive 
and multidisciplinary projects in order to address problems on a large scale such as systems of agriculture 
or global environmental problems. Such collaborative projects for which a memorandum of 
understanding has been concluded with various research organizations are currently being implemented 
in Thailand, Malaysia and Vietnam or are being planned in Brazil as well as in China and other regions 
(Table 1) . Needless to say, collaboration between researchers in the fields of natural sciences and 
socio-economics is essential for the formulation and execution of these projects. 
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In addition to our comprehensive projects, emphasis is being placed on projects for the solution of 
specific problems pertaining to agriculture, forestry and fisheries as well as on studies that could 
contribute to the generation of new projects. In 1995, more than 40 researchers were dispatched on 
long-term assignments to 15 countries to carry out collaborative research with national research 
institutes, universities, and centers affiliated to the CGIAR (Table 2) . In addition, each year 
approximately 180 researchers and administrators visit a large number of countries with the objectives of 
carrying out research on a short-term basis, investigating the possibility of future research collaboration, 
and holding discussion about the initiation or promotion of collaborative research. 

Importance of research carried out in Japan 

With the completion of new research facilities on our Tsukuba premises (highlighted in Annual Report 
1994), we have become able to promote new research activity which had previously been carried out 
mainly at our Okinawa Subtropical Station. Presently, facilities include a plant biotechnology unit, and 
fisheries science and earth science laboratories, and equipment for remote sensing studies and 
econometric analyses. These facilities are enabling JIRCAS to address problems in agricultural research 
common to both foreign countries and Japan by providing a solid base for research overseas. In addition, 
we have recently implemented our JIRCAS Visiting Research Fellowship Program at Tsukuba in order to 
bring overseas researchers to Tsukuba for training and collaboration. 

Role of the Okinawa Subtropical Station 

The Okinawa Subtropical Station is located on Ishigaki Island in the southernmost part of Japan and 
plays a major role in the promotion of JIRCAS's research activity related to tropical and subtropical 
agriculture. Studies on tropical and subtropical plant resources and investigations aimed at the 
introduction of new crops are being carried out, taking advantage of Okinawa's climatic conditions and 
location in the subtropical zone. At the same time, the station contributes significantly to the 
development of agriculture in the Okinawa area. In addition, the JIRCAS Visiting Research Fellowship 
Program at Okinawa, whereby 10 post-doctoral researchers are invited each year from overseas 
countries, is playing a role in the fostering and development of researchers in the developing regions and 
paving the way for future research collaboration with a large number of countries. The Okinawa Fellow 
Program was originally implemented under JIRCAS's forerunner, the Tropical Agriculture Research 
Center (TARC). The continued refinement of this program is one of JIRCAS's major goals. 

Problems for the future 

JIRCAS is currently working out plans strategies to adopt up until the year 2003. In addition to actively 
promoting research collaboration, JIRCAS will have to meet the demand for the training of researchers 
through the implementation of the visiting research fellowship programs, strengthening of relations with 
various research organizations in the Asia Pacific Region, and the organization of workshops in 
collaboration with the CGIAR research centers. The effective utilization of limited human and material 
resources is a major challenge for JIRCAS in the coming years. 

Note about Annual Report 1995 

Commencing with this year's issue of the JIRCAS Annual Report, while covering all of JIRCAS's 
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activities throughout the world, we will be featuring several close-up articles on research collaboration in 
a specific region or country. This year, we will be highlighting some of our activities in Latin America 
with an article on the implementation of a new “Integrative-type Comprehensive” project in Brazil in the 
"Highlights from 1995" section, and an introduction of "Research sites around Latin America" in the 
"International Research at JIRCAS" section to be found as part of our research overview. 
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Table.l Major collaborative research projects between nationa agricultual research organization and JIRCAS 


1. 

Breeding of rice and vegetable resistant to diseases and environmental stresses (China) 

2. 

Development of technology for the evaluation of soybean genetic resources in Northeast China(China) 

3. 

Evaluation and improvement of farming systems combining agriculture, animal husbandry, and 
fisheries in the Mekong Delta)Vietnam)* 

4. 

Development of sustainable agricultural technology in Northeast Thailand* 

5. 

Development of sustainable aquaculture technology in Southeast Asia(Thailand) 

6. 

Productivity and sustainable utilization of tropical and subtropical brackish water mangrove ecosystems (Malaysia)* 

7. 

Development of methods of control of biotic agents injuring rice plants under direct seeding culture in Malaysia(Malaysia) 

8. 

Rehabilitation of secondary degraded (Malaysia) 

9. 

Methods of cultivation of soybean in cropping systems with low inputs in Indonesia(Indonesia) 

10. 

Evaluation of changes in agricultural production structure associated with economic development and clarification of agricultural 
development trends using model analysis 

11. 

Development of technology for sustainable management of grasslands in Central Asia (Kazakhstan) 

12. 

Comprehensive studies on the development of a sustainable agro-pastoral system in the subtropicalzone of Brazil* 


* Comprehensive projects 
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Table 2. On-going collaborative research projects between CGIAR-International Research Centers, and JIRCAS 

IRRI(Philippines) 

Stabilization of Rice Culture under Water Stress in the Tropics 

Utilizing a Broader Spectrum of Genetic Resources 

ICRISAT (India) 

Sustainable cultivation of upland crops in the semi-arid tropics Analysis of environmental changes in 

agricultural land after forest clearing in the 

tropics and development of sustainable land use systems 

CIMMYT (Mexico) 

Improvement of high-yielding wheat varieties through biotechnological procedures 

HTA (Nigeria) 

Studies on eco-physiological characteristics of cowpea in the savanna area of West Africa 

CIP (Peru) 

Characterization, evaluation and utilization of genetic resources of local Andean root and tuber crops 

ILRI (Kenya) 

Biochemical characterization of membranes of lymphocytes infected with Theileria parva schizonts 

CIAT (Colombia) 

Eco-physiological studies on upland rice roots in relation to adaptability to savanna soil in South America 
Eco-physiological studies on the persistency of tropical pasture plants in the savanna of Latin America 

AIT 

(Asian Institute of Technology, Thailand) 

Mechanical Properties of Typical Soils in Northeast Thailand for Construction of Irrigation Facilities 

ICIPE 

(International Center of Insect Physiology and Ecology, Kenya) 

Biorational approaches to long-term and Sustainable Management of desert locust 
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HIGHLIGHTS FROM 1995 


This past year was marked by JIRCAS's first external review since its reorganization from TARC on 
October 1, 1993, the implementation of the "integrative-type" comprehensive research project, and the 
initiation of the JIRCAS Visiting Research Fellowship Program at Tsukuba. In addition, Director 
General Dr. Kainuma was honored with the Alsberg-Schoch Memorial Award from the American 
Association of Cereal Chemists, and several other members of the staff were also the recipients of 
academic and scientific awards. 

JIRCAS Research Review 1995 

In 1995, JIRCAS underwent an external research review for the first time after its reorganization from 
the former Tropical Agricultural Research Center (TARC) conducted according to the Implementation 
Plan of Research Review framed by the Agriculture, Forestry and Fisheries Research Council (AFFRC) 
Secretariat of the Ministry of Agriculture, Forestry and Fisheries (MAFF). The research review was 
performed within a one-year schedule covering the fiscal year from April 1995 to March 1996, with the 
objective of furthering international agricultural research on the Japan side. The review consisted of three 
segments with the first review being held within JIRCAS (April to October) followed by the second 
review conducted by members of the AFFRC (October 18-19), and the third and final review carried out 
based on the discussion and indications presented during the second review (until March 1996). 

In the first research review, a review group consisting of JIRCAS staff members was organized to 
examine research issues in accordance with the AFFRC's Plan for International Research Promotion, and 
JIRCAS's Basic Research Plan of JIRCAS during the half-year phase and to debate the following: 1) 
research priorities, 2) situation and current status of research implementation, 3) cooperation and 
collaboration with related internal and external organizations, 4) internal research activities and 5) 
research manpower. The outcome of the first review was summarized, and a main report and 
supplementary documents were prepared for purposes of the second review. 

The second review was held at JIRCAS in attendance of the review group of the AFFRC including three 
reviewers from universities and MAFF officials. The JIRCAS side presented an introduction of the 
present research situation especially focusing on the extension of overseas research sites following the 
reorganization of TARC into JIRCAS and the implementation of new collaborative research projects 
including comprehensive projects. In addition, JIRCAS outlined recent research highlights relating to 
information systems, biotechnology, and sustainable production. During the course of the review, the 
following major subjects were discussed: 1) future research priorities; 2) research promotion and 3) 
effective management of research. 

For the third segment of the Research Review, JIRCAS submitted a report based on indications and 
comments of the second review in discussion with the review group of AFFRC. The JIRCAS Research 
Review was concluded with a final presentation of the overall processes and summary of the review at a 
meeting of the AFFRC held on March 19, 1996 

Based on the investigations conducted during the Research Review, it was concluded that JIRCAS is 
fulfilling its role as a core institute in implementing international collaborative research, initiating 
cooperation and fostering connections among domestic and overseas research organs, and promoting the 
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exchange of information in the realm of international agricultural research. The investigation also 
highlighted JIRCAS's ongoing involvement in the cultivation of human talent, both domestically and 
overseas. Finally, regarding the future direction of agricultural research, giving consideration to issues 
concerning world food supply and global-scale environmental problems together with the many specific, 
regional problems facing world agriculture, it was deemed necessary for JIRCAS to place utmost 
importance on developing ^comprehensive-type* research programs, encompassing all of the fields of 
agriculture, forestry and fisheries with emphasis placed on sustainable productivity. 

Photo:JILCAS Main Building (17KB) 

Photo:Schematic panorama of research activity at the Tsukuba Agriculture Research Hall,an agricultural 

museum maintained by MAFF. (27KB ) 

Initiation of the *integrative-type comprehensive* research project at JIRCAS with introduction of a new 

project to be implemented in Brazil 

JIRCAS Visiting Research Fellowship Program at Tsukuba 

Academic Prizes and Awards 
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Highlights 1995 

Initiation of the "integrative-type comprehensive" research project at JIRCAS with introduction 
of a new project to be implemented in Brazil 

Background 

The Tropical Agriculture Research 
Center (TARC) was reorganized into 
the Japan International Research 
Center for Agricultural Sciences 
(JIRCAS) on October 1, 1993, and 
since, JIRCAS has defined its goals 
as contributing to the promotion of 
the sustainable development of 
agriculture, forestry and fisheries activities in the developing regions of the world. Through the 
implementation of a variety of collaborative research programs, JIRCAS continually aims to foster close 
relationships between overseas research organizations and Japanese domestic organizations. 

JIRCAS continues to pursue the specific, focused research programs along the lines of those which were 
carried out at TARC, but as part of its new role as an international center, has also initiated a new type of 
project, the "Integrative-type Comprehensive Research Project". Three comprehensive projects have 
already commenced in Vietnam in the Mekong Delta, in Malaysia and in Northeast Thailand. The fourth 
comprehensive research project entitled "Comprehensive Studies on the Development of Sustainable 
Agro-pastoral Systems in the Subtropical Area of Brazil (Agro-pastoral)" is scheduled to be implemented 
in fiscal year 1996. In the planning of a comprehensive project, a research coordinator in the Research 
Information Division takes on the role of project leader to work in close collaboration with the directors 
of the relevant research divisions and the researchers who are involved in the project. During the 
planning stages of the project, socio-economic studies are undertaken to identify the research priorities of 
the counterpart countries. 

Focus on Brazil Project 

Details of the progression of the first three comprehensive projects can be found in the JIRCAS Research 
Divisions section, as relevant to the activities of each particular division. As one of this year’s Annual 
Report’s close-up feature articles on research activities in Latin America, the new program will be 
introduced below to provide an overview of the scheduled research activities and formulate an overall 
impression of the character of a JIRCAS Comprehensive Project. 

Research background, topics and counterparts 

The subtropical area of Brazil in the "Agro-pastoral" project has been recognized as one of the origins of 
modem agriculture in South America. This area, where the continuous cultivation of field crops has been 
carried out on a large scale in context of a major agriculture system with extensive cattle grazing, is 
extremely important to the food supply and economy of Brazil at present. This area encompasses about 
400 thousands km 2 (approximately equal to Japan’s total territory), and is a triangle of land connecting 
the cities of Londrina, Botucatu, Ribeirao Preto and Campo Grande. The area is additionally 
characterized by the settlement of hundreds of thousands of Japanese-Brazilian farmers who are mainly 
engaged in providing the essential food commodities designated for the megalopoli of Sao Paulo and Rio 
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de Janeiro. 

In this subtropical area of the country, a large increase of agricultural products was achieved through the 
continuous extension of arable land and a high dependence on the net primary productivity of fertile land 
with minimum input. As a result, a great part of this area has become transformed into environmentally 
vulnerable land while the efficiency of production has remained unchanged at low levels without 
improvement of existing agricultural technology. Growth retardation due to continuous cropping, 
prevalence of disease, pest outbreak, and soil erosion inevitably threaten the agriculture in this area, 
serving as major constraints to agricultural sustainability and productivity. 

This new comprehensive research project is thus focused on the development of sustainable farming 
systems with high productivity in environmentally-degraded areas in subtropical Brazil. Emphasis will 
be placed on land utilization based on a crop-pasture rotation system and research collaboration will be 
carried principally in conjunction with the Brazilian Agricultural Research Corporation (EMBRAPA). In 
addition, JIRCAS will hold consultation with the International Center for Tropical Agriculture (CIAT), 
drawing on the latter’s extensive experience in crop-pasture system development in South American 
countries, and with the JATAK International Center of Agriculture Technology, the primary 
nongovernmental organization for Japanese-Brazilian farmers. 

The following areas of research are to be implemented: (1) survey and evaluation of indigenous and 
traditional methods of agricultural land utilization, (2) multifaceted studies for the development of a 
sustainable crop-pasture rotation system [including a) mixed and multiple cropping agricultural systems 
employing soybean as a main crop for field crop diversification, b) introduction and management of 
forages in mixed, multiple-cropping patterns for soil improvement and erosion control, cjdynamics of 
soil fertility and plant nutrition under crop-pasture rotation c/)control of deteriorative agents, e.g., 
pathogens, pests and weeds, under crop-pasture rotation e) management of grazing cattle under 
crop-pasture rotation), (3) Socioeconomic evaluation of crop-pasture rotation from the standpoint of a 
farming-systems approach, and lastly (4) on-farm participation research of the newly developed 
"agro-pastoral system". The expected duration of the project is 7 years, starting from April 1996 to 
March 2002. 
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JIRCAS Visiting Research Fellowship Program at Tsukuba 

On October 1, 1993, the Tropical Agriculture Research Center (TARC) was reorganized into JIRCAS. 
Since its establishment in 1970, TARC has been engaged in collaborative research activities consisting of 
the dispatching of researchers to various institutes located in tropical and subtropical areas to promote the 
development of agriculture, animal husbandry and forestry in these regions. Many substantial results 
were obtained. 

However, there has been a recent growing awareness of the importance of conducting collaborative 
research while making use of the high level of research opportunities available in Japan. To achieve this 
objective, the Visiting Research Fellowship Program at Okinawa was implemented in 1992 to enable 10 
outstanding doctorate-level researchers representing counterpart institutes located in tropical and 
subtropical countries to carry out collaborative research for a period of one year at the Okinawa 
Subtropical Station of the Center. Okinawa was selected in view of the similarity of the research 
priorities and climatic conditions to those in the tropical and subtropical regions. 

With the transformation of TARC to JIRCAS, fisheries was added to the already-targeted research fields 
and international research activities were expanded to include the temperate and cooler regions in order 
to more comprehensively address the problems of food production and conservation of natural and 
environmental resources confronting developing countries. In this context, JIRCAS has additionally 
implemented the Visiting Research Fellowship Program at Tsukuba which commenced this past year in 
October, 1995. The program allows invited researchers and their JIRCAS hosts to take advantage of the 
research environment in the Tsukuba Science City, which in Japan serves as a strong base for scientific 
research and development in many basic disciplines. Promising, young researchers representing 
JIRCAS’s counterpart institutes are the targets of this program, and there is much expectation that they 
will take initiative and leadership in developing collaborative research programs in order to address the 
agriculture, forestry and fisheries problems facing the developing areas. 

Under the Fellowship Program, a total of 6 researchers will be invited per fiscal year to carry out 
research pertaining to one of several themes listed below (Table 1) . Four researchers will undertake 
long-term projects for a period of 2 years and 2 researchers will be engaged in short-term projects for a 
period of 5 months. The long-term researchers will carry out collaborative research at JIRCAS, while the 
short-term fellows will conduct research at the National Institute of Agrobiological Resources (NIAR) at 
Tsukuba. 
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RESEARCH THEMES 


Long - term projects 


I. Methods for optimum utilization of biological resources 

1) Analysis of plant responses to environmental stresses and gene expression 

2) Development of DNA-based assay for indexing plant diseases 

3) Development of practical methods for the evaluation of the quality of indigenous crops and for the 
analysis of components and functionality of foods 

4) Methods for the development of livestock breeds with high productivity through crossing with 
indigenous species 

5) Development of methods for the diagnosis and prevention of diseases affecting aquatic for fresh water 
and marine aquaculture 

II. Analysis and evaluation of the impact of climatic and anthropogenic factors on environmental 
resources 

1) Relation between climatic change and biomass in agro-ecosystems 

2) Investigation of the process of rock weathering through the analysis of rock surface by electron 
spectroscopy 

Short-term projects 


1) Methods for the analysis and preservation of biodiversity 

2) Production of new biological resources through the application of biotechnological procedures 

3) Methods for the analysis and control of biological functions 
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ACADEMIC PRIZES AND AWARDS 


JIRCAS is pleased to note that in the past few years, many of our staff, including our Director General 
and two of our Research Division Directors have been the recipients of academic prizes and awards from 
scientific societies and organs of the media. The following is a brief summary of these achievements 
which we are proud to include in the Highlights of Annual Report 1995. 


DIRECTOR GENERAL AND DIRECTORS OF THE RESEARCH DIVISIONS 


Dr. Keiji Kainuma, Director General of JIRCAS was awarded the Alsberg-Schoch Memorial Award 
by the American Association of Cereal Chemists (AACC) on November, 6, 1995 for his outstanding 
contributions to starch science including molecular-level research on the starch molecule. Dr. Kainuma 
was invited to San Antonio, Texas to the annual convention of the AACC to deliver his award address 
entitled “The winding road to the double helix structure of the amylopectin molecule” in which he 
outlined an original approach adopted to assign a double helix structure to the amylopectin molecule 
leading to the first double helix model of a native carbohydrate as proposed by Kainuma and French in 
1972. 


Dr. Katsuyuki Minami, Director of the Environmental Resources Division and his research group 
were awarded the 5th Ni kk ei Excellence Prize for Global Environment Research sponsored by the 
Nihon-Keizai Shinbun (Japanese Economic Journal) for their exhaustive studies on the “Analysis of the 
mechanism of methane emission and its quantitative assessment from agro-ecological systems” on 
November 16, 1995. Dr. Minami also received the Prize for Agricultural Sciences in Japan, 1996 and 
the 33rd Yomiuri Prize sponsored by the Japan Society of Agricultural Sciences in conjunction with 
Yomiuri Press on April 5, 1996 for work entitled “Impact assessment of agro-systems on global change 
and its mitigation strategy” in recognition of outstanding scientific publication. 


Dr. Koji Kawashima, Director of the Crop Production and Postharvest Technology Division and 

collaborators received the Science and Technology Agency’s 55th Award for Inventions of Distinction 
for “A method to preserve quality of agricultural products and food” on April 25, 1996. The new 
technology involves releasing high pressure carbon dioxide of agricultural products in sealed containers 
in order to eliminate adult insects, larvae, pupae and eggs. 


JIRCAS RESEARCH STAFF ACCORDING TO RESEARCH DIVISION 
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Biological Resources Division 

Kazuo Nakashima, Ph.D. received the Young Scientist Award from the Phytopathological Society of 
Japan for “Characterization of phytoplasmas associated with rice yellow dwarf, sugarcane white leaf and 
sesame phyllody diseases” on April 2, 1996. The award is given to a rising, young researcher as the 
Society’s recognition of the individual’s achievement and promise. Kazuko Yamaguchi-Shinozaki, 
Ph.D. received the Botanical Society of Japan’s Young Scientist Award for “Gene suppression and 
signal transduction in plants under water-stress conditions” on Oct. 2, 1993, also in recognition of 
outstanding contribution as a rising scientist. 


Crop Production and Postharvest Technology Division 

Yuji Kohgo, Ph.D. received the Award of the Japanese Society of Soil Mechanics and Foundation 
Engineering for “Verification of a generalized elastoplastic model for unsaturated soils” on March 2, 
1995. The award is given by the Society in recognition of outstanding scientific publication. 


Fisheries Division 

Marcy N. Wilder, Ph.D. received the Zoological Science Award from the Zoological Society of Japan 
for “Accumulation of ovarian ecdysteroids in synchronization with gonadal development in the giant 
freshwater prawn, Macrobrachium rosenbergii ” on October 9, 1992. The award is given by the Society 
in recognition of outstanding scientific publication. 

Okinawa Subtropical Station 

Yuho Maetsu received the Science and Technology Agency’s 37th Prize for Inventive Originality and 
Distinguished Service for the development of an improved soil sampler for the testing of negative water 
pressure on April 15, 1996. Tetsu Maoka received the Young Scientist Award from the Japanese 
Society of Plant Pathology for “Studies on the papaya ringspot virus” on April 2, 1996. The award is 
given to a rising, young researcher as the Society’s recognition of the individual’s achievement and 
promise. Makoto Yamamori received the Japanese Society of Breeding’s Young Scientist Award for 
“Production of waxy wheats” on April 2, 1996 also in recognition of outstanding contribution as a rising 
scientist. 
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JIRCAS AND THE MINISTRY OF AGRICULTURE, 
FORESTRY AND FISHERIES 


MAFF Research Structure 

The Japan International Research Center for Agricultural Sciences (JIRCAS) is one of 29 research 
institutes belonging to the Ministry of Agriculture, Forestry and Fisheries (MAFF), the Government of 
Japan. In this age, in which we have seen remarkable progress in advanced fields of science and 
technology including biotechnology, MAFF's research institutes are playing a key role in the 
development of new technologies to pave the way for further development of the food industry, and 
promotion of agriculture, forestry and fisheries activities in the 21st century. MAFF's institutes work in 
close collaboration with local governments, universities, and private research organizations and aim to 
contribute to the overall prosperity of Japan while making significant contributions to the international 
community. 

Nineteen of the 29 institutes including JIRCAS are directly overseen by the Agriculture, Forestry and 
Fisheries Research Council (AFFRC), which is a special agency attached to MAFF. The main duties of 
the AFFRC are overall research planning and coordination, liaison and coordination between research 
and administration, administration and guidance of the institutes, and research assistance to prefectural 
organizations and the private sector. The AFFRC is headed by a chairman, and its advisory members 
consist of independent university faculty members and previous MAFF research institute directors (Table 
1). The remaining 10 institutes, which include one institute devoted to forestry and nine fisheries 
research institutes, are also attached to the AFFRC. However, they are overseen by the Forestry Agency 
and the Fisheries Agency,M administrative agencies directly under MAFF. Overall MAFF research 
Structure is as shown in Fig.l(123KB) . 

JIRCAS is unique among the 29 research institutes in that it serves as an international research center but 
is at the same time part of the overall MAFF infrastructure. Thus, it is involved in active exchange and 
collaboration with the other 28 institutes. JIRCAS is located in the Tsukuba Science City which is about 
50 km northeast of Tokyo Fig.2(74KB) . Many other MAFF institutes are also located in Tsukuba, and 
the AFFRC secretariat maintains a Tsukuba office, forming the Tsukuba Institutional Complex. Tsukuba 
itself is home to numerous other research institutes and experimental facilities belonging to other 
ministries and agencies of the Japanese Government as well as to the private sector. 

Research structure at JIRCAS 

JIRCAS has a current staff of 164 including research scientists and administrators. Forty-three staff are 
located out of Tsukuba at JIRCAS's Okinawa Subtropical Station. JIRCAS is headed by a Director 
General; the Research Planning and Coordination Division overseas the seven research divisions which 
are comprised of the Research Information Division, Biological Resources Division, Environmental 
Resources Division, Crop Production and Postharvest Technology Division, Animal Production and 
Grassland Division, Forestry Division, and the Fisheries Division as well as the Okinawa Subtropical 
Station. The Administration Division is responsible for general administrative affairs. Research structure 
at JIRCAS is delineated in Fig.3.(76KB) 
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Research Planning and Coordination Division 

The Research Planning and Coordination Division in itself does not act as a research division, but rather 
serves to oversee and support the activities of the Research Divisions and Subtropical Station. The 
Division consists of four sections which are the Research Planning Section, the Research Coordination 
Section, the International Relations Section, and the Publication and Documentation Section. In addition, 
a Research Information Officer is assigned to the Division. 

In order to promote the implementation of research programs both overseas and in Japan, the first 3 
sections are responsible for the overall planning of JIRCAS research projects, dispatching of researchers 
on long- or short-term basis, implementation of programs for the invitation of researchers and 
administrators, and liaison and coordination with international and domestic institutions and agencies. 

The Publication and Documentation Section is responsible for the collection, classification, and supply of 
bibliographic materials from both overseas and domestic sources, as well as the release of public relation 
materials. The Research Information Officer handles the coordination of collaborative activities with the 
Japan International Cooperation Agency (JICA) and related research institutions and deals with problems 
pertaining to the exchange of technical information. Additionally, the Division coordinates the 
organization of various meetings and workshops including JIRCAS's International Symposia. 

Administration Division 

The Administration Division consists of three sections: the General Affairs Section, the Accounting 
Section, and the Overseas Support Section. The General Affairs Section is responsible for the 
management of official documents, personnel-related matters, and social affairs pertaining to JIRCAS 
staff. The Accounting section handles overall accounting, all budgeting, settlements and wage 
distribution. Lastly, the Overseas Support Section is in charge of all matters pertaining to JIRCAS's 
overseas operations, which includes general international affairs, overseas expenditures, and overseas 
shipments of equipment and materials. 

Other 

The Okinawa Subtropical Station has its own General Affairs Section which is independent of the 
Administration Division. Additionally, JIRCAS has two field management sections which oversee 
JIRCAS's experimental fields. The Okinawa Section is directly under the Subtropical Station 
management and the Tsukuba Section is attached to the Crop Management and Postharvest Technology 
Division. 

Forward to International Research at JIRCAS 


Back to Contents 
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INTERNATIONAL RESEARCH AT JIRCAS 


International collaborative projects at JIRCAS encompass all of the fields of agriculture, forestry and 
fisheries and are being carried out in collaboration with counterpart institutions comprising international 
research centers including the CGIAR, national research organizations and universities. As detailed in 
the “Highlights” section, the integrative-type comprehensive project was initiated with the transformation 
of TARC into JIRCAS; there are currently 3 ongoing comprehensive projects in Thailand, Malaysia, and 
Vietnam, with the fourth destined to commence in fiscal year 1996 in Brazil. In addition, JIRCAS 
continues to promote the specific, focused type of project carried out at TARC; details of some of these 
projects can be found in the description of activities of the JIRCAS Research Divisions. As part of this 
year’s feature on research activities in Latin America, the following pages provide an introduction of 
research activities at 3 international research centers: CIP, CIMMYT and CIAT. A summary of all 
ongoing collaborative projects can be found at the end of this section. 


RESEARCH SITES AROUND LATIN AMERICA 

For collaborative project with CIAT (Upland rice research for sustainable development of Acid-soil 

savanna in South America) click here 

For collaborative research at CIP-Quito click here 


Collaborative Research Project with CIMMYT on Wheat Maize Crosses 

The International Maize and Wheat Improvement Center (CIMMYT) was established in 1966 in Mexico, 
following the implementation of a special research program sponsored by the Mexican Government and 
the Rockefeller Foundation. CIMMYT, with headquarters at El Batan, 45 km northeast of Mexico City, 
and with 15 regional offices in the developing countries, implements research and training programs 
related to the production of maize and wheat. Major activities include the development and worldwide 
distribution of improved varieties, the conservation of genetic resources, and the production of 
documentation related to new knowledge concerning these crops. 

CIMMYT developed new wheat varieties in the 1960s characterized by stable stem rust resistance, 
photoperiod insensitivity and semi-dwarfness. These characters enabled the adaptation of these varieties 
far beyond Mexico to many other countries and developing areas. This resultant rapid growth in wheat 
production led to the so-called “green revolution.”In the post-green revolution, breeding methodology is 
being continually refined, and breeding strategy is being carried out in terms of agroecological region. 

At present, the use of haploids is of great interest to wheat breeders, since the production of haploid 
plants followed by chromosome doubling enables the creation of genetically homozygous lines. The 
successful production of doubled haploids provides the most rapid method for developing homozygous 
breeding lines with favorable uniformity in selection procedures, and complements conventional 
breeding programs. JIRCAS has been promoting the technical development of wheat haploid production 
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through wide crosses in collaboration with the International Center for Agricultural Research in the Dry 
Areas (ICARDA). It is possible to obtain, for example, wheat haploids from wide crosses using wheat as 
the female parent and a perennial species, Hordeum bulbosum L. as the pollen parent. After fertilization, 
the chromosomes of the pollen parent are eliminated from the hybrid zygote resulting in the production 
of wheat haploids. This method is limited since the success of haploid production depends strongly on 
the wheat genotypes used for crosses. 

Recent reports have indicated that crosses of wheat with maize pollen result in the production of wheat 
haploids across diverse wheat genotypes. In addition to maize, selected species from the Panicoides 
subfamily, such as pearl millet and sorghum, also provide an alternative pollen source for wheat haploid 
production. A collaborative research project between CIMMYT and JIRCAS has been in progress since 
1993 and has focused on the development of wheat — maize crosses for producing and utilizing wheat 
haploids for breeding purposes and genetical analyses. The current cooperative studies related to wheat 
haploids include the development of methods for long-term storage of maize pollen, genetic analysis of 
drought tolerance, and evaluation of various breeding schemes. Technical development for the efficient 
production of wheat haploids is expected to contribute to the promotion of basic research projects as well 
as conventional breeding programs. 
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Collaborative Project with CIAT: Upland Rice Research for Sustainable Development of Acid-soil 
Savanna in South America 

CIAT (Centro Intemacional de Agricultura Tropical), based in Colombia, is one of the three international 
agriculture centers situated in Latin America. CIAT has conducted high-level scientific work and has 
contributed significantly to agricultural development world-wide for more than a quarter of a century by 
concentrating its efforts on 4 programs: bean, cassava, rice and tropical forages. In 1992, CIAT initiated 
three new programs, tropical lowlands, hillsides and land use in context of natural resources management 
in order to further promote research leading to sustainable agriculture development. 

CIAT and JIRCAS (since TARC days) have enjoyed a long history of collaboration in research on 
tropical pastures since 1977 in which JIRCAS dispatched seven pasture scientists to the Tropical Forage 
Program of CIAT. Throughout this project, the development of highly productive pastures consisting of 
both legumes and grasses was been pursued. The development of seed-coated pellet fertilizer is one of 
the research highlights which arose from this project. At present, an ecophysiologist from JIRCAS is 
investigating the mechanism of legume persistence in pastures in order to develop suitable methods of 
management for the maintenance of legumes. 

In addition, a new collaborative project on upland rice was initiated in January 1992. This project is also 
aiming at achieving sustainable development of the vast expanses of savanna covered with strongly acid 
soils seen in some parts of Latin America. The productivity of native pastures could be substantially 
increased through the introduction of improved pastures together with appropriate fertilizer application 
and soil management. However, the problem remain that improved pastures undergo degradation with 
time, and it is very difficult to renovate them because of the initial cost incurred by the farmers. 

To address these problems, CIAT introduced a rice/pasture system in the late 1980s. In this system, the 
pasture is sown with upland rice and fertilizer is applied at the beginning of the rainy season. After 4 
months, rice is harvested, and earnings can cover the initial cost of establishment, while the pasture 
grows well with organic matter derived from rice roots and stems as well as residual fertilizers. This 
system was implemented with the release of a new variety of upland rice which is high-yielding, has 
good grain quality, and is tolerant to acid soils. Breeding was initiated by CIAT in 1982, through crosses 
of indica rice (high-yielding variety with slender shape, good grain quality) with tropical japonica rice 
variety (tolerant to soil acidity). However, since the mechanism of tolerance of this variety has not yet 
been elucidated, the development of effective screening techniques for further improvement of similar 
types of tolerant varieties could not be realized. 

JIRCAS initiated a collaborative project within the framework of CIAT’s Rice Program and has 
dispstched a crop physiologist to pursue on-site research(?). The strategy of the research project is 1) to 
analyse changes in soil condition in fields of upland rice on acid savanna soils in relation to the growth of 
roots of upland rice, 2) to expose rice plants to soil-limiting factors prevailing in the area (high Al, or low 
pH, P, Ca, Mg) in order to reveal genotypic differences between tolerant and susceptible varieties, 3) to 
identify physiological and/or biochemical mechanisms controlling differences in tolerance (e.g. root 
exudates with chelating ability of elements) and 4) to develop rapid and accurate screening methods 
based on these mechanisms. Varieties were found to differ in Al tolerance as well as tolerance to low Ca 
and Mg contents of soils (see Research Divisions section). At present, the analysis of root exudates is 
also being pursued. A simple screening method based on Al tolerance is already in use in the selection of 
potential parents in the breeding program. 
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Collaborative Project with CIAT: Upland Rice Research for Sustainable Development of Acid-soil Savanna in South America 

Savannas in Latin America cover vast areas which are under-populated and under-utilized. Although the 
soils tend to be acidic with low fertility levels and therefore must be used carefully, the topography is 
flat, precipitation is abundant and evenly distributed, temperature is high and the physical properties of 
the soils are adequate. It is anticipated that this collaborative project will contribute to the improvement 
of the management and utilization of these valuable natural resources for sustainable utilization. 
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Collaborative Research at CIP-Quito 

The International Potato Center (CIP) with headquarters in La Molina near Lima in Peru has recently 
celebrated its 25th anniversary. CIP started with a mandate to carry out research for potato food security 
which was subsequently expanded to include research on sweetpotato and Andean Root and Tuber Crops 
(ARTCs). In 1989, CIP established a research station in Ecuador within the site of the National 
Agricultural Research Institute (INIAP) on the outskirts of the capital city, Quito. CIP-Quito is located at 
an altitude of 3058 meters above sea level, and is the closest to the equator and second highest among 
CIP's worldwide network of research sites. 

Ecuador, one of the world’s richest countries in terms of biodiversity, is divided into three eco-regional 
areas. Mountainous highlands run in the center of the country from north to south, and tropical lowlands 
lie on the coastal plain and in the Amazon basin to the west and east of the mountains. Among its 
biodiversity, Ecuador provides a large number of plant species as food crops. The wide range of climatic 
conditions, from tropical rain forest on the east coast and the Amazon jungle to the cold zone in the 
highlands of the Andes, has resulted in the development of a broad variety of species. 

In addition to the well-known potato, the Andes are home to nine other lesser-known root and tuber 
crops: achira ( Canna edulis, Cannaceae), ahipa ( Pachyrhizus ahipa, Leguminosae), arracacha (. Arracacia 
xanthorrhiza, Umbelliferae), maca ( Lepidium meyenii, Cruciferae), mashua ( Tropaeolum tuberosum, 
Tropaeolaceae), mauka ( Mirabilis expansa, Nyctaginaceae), oca ( Oxalis tuberosa, Oxalidaceae), ulluco 
{Ullucus tuberosus, Basellaceae), and yacon ( Polymnia sonchifolia, Compositae), but most of these crops 
are seldom cultivated today in the Andes. The ARTCs were lost from the scientific scope until recently in 
spite of their importance as high-yielding food crops on the Andean highlands and their potential for new 
food materials as well as for industrial and medicinal uses. 

The lack of basic biological information on ARTCs has hindered their improvement as well as the 
management of these genetic resources. In order to gain basic biological and agronomical information 
and to help in improving and maintaining ARTCs, in 1993, the Japan International Research Center for 
Agricultural Sciences (JIRCAS) initiated a joint project entitled "Cytogenetical Characterization and 
Evaluation of Andean Root and Tuber Crops" with CIP, which is being carried out at CIP’s experimental 
station in Quito, with the assistance of INIAP. 

In the course of the research project, it was found that yacon has at least 2 different basic chromosome 
numbers, and the normal cultivar is octaploid. We also observed a decimodiploid cultivar which could be 
derived from an intervarietal hybrid between 2 morphological groups. Yacon is one of the major natural 
sources of fructooligosaccharides, accounting for about 90% of the total sugar content. This research may 
open up possibilities for increased utilization of this plant through hybridization breeding for ploidy 
manipulation and fructan production. 

Another ARTC, achira, produces the largest starch granules among all plant species. Since the starch is 
highly digestible and has a low gelatinization temperature, it has much potential for food and industrial 
uses. We noted that achira has a fragile part on a single particular chromosome and observed broken 
chromosomes at the centromere in root tip cells of all varieties, which may account for the fact that many 
researchers have considered that there were aneuploid varieties. We also found that the rhizome position 
is very important for starch production regardless of polyploidy level. There are 3 rhizome positions; 
epigeal, endogeal and hypogeal. Cultivars with epigeal rhizomes always produce a large amount of total 
starch. This characteristic could be used as a breeding index for improving starch production. We are 
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currently attempting to promote triploid breeding for improving achira for purposes of starch production. 

In addition to cytogenetic studies, research on the ecophysiological characteristics of these crops with 
emphasis placed on adaptation to various environmental conditions as well as studies on the biochemical 
composition of the crops are necessary to be promoted. We anticipate that the results obtained through 
this collaborative project should contribute to the conservation and better utilization of these valuable 
genetic resources, the ARTCs. 
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RESEARCH INFORMATION DIVISION 


The Research Information Division of JIRCAS has three main responsibilities relating to overall 
research operations of the institute. The first is to collect and analyze information pertaining to 
agricultural sciences and the related socio-economic situation in developing countries. The second is to 
formulate and coordinate collaborative research projects. The third is to develop and maintain a 
computer-based information system in JIRCAS. 

Studies on agriculture, forestry and fisheries in developing countries are conducted by two groups of 
research coordinators and senior scientists. The first group takes a region-oriented approach by assigning 
themselves to five regions: monsoon Asia, arid and semi-arid Asia, Africa, Latin America and developed 
countries. The research coordinator in charge of developed countries looks at how these countries have 
applied research strategies to agriculture in developing countries as well as how international agricultural 
research institutes search for and conduct concerned collaborative research projects with developing 
countries. 

The second group of research coordinators takes a problem-oriented approach by conducting studies 
involving three major topics: the environment, food problems, and rural development. The research 
coordinator handling environmental problems has been focusing on development of technology for the 
rehabilitation of soils with salt accumulation in the Central Asia. Another research coordinator and a 
senior research scientist are working on developing new world food models and making a long-term 
projection of the world food situation in collaboration with the Policy Planning Division of MAFF, the 
International Food Policy Research Institute (IFPRI), and the FAO. A research coordinator and a senior 
research scientist assigned to rural development have conducted an intensive study visit in various 
regions of Indonesia and India. 

Research coordinators are committed to formulate and coordinate collaborative research projects based 
on their studies on regional agriculture or agriculture-related problems. In 1994, JIRCAS launched its 
first integrative research project “Evaluation and improvement of farming systems combining 
agriculture, animal husbandry, and fisheries in the Mekong Delta.” One research coordinator serves as 
the project leader and chairs a working group consisting of the directors of the relevant Research 
Divisions and the involved researchers. In 1995, JIRCAS commenced the following two integrative 
projects: “Productivity and sustainable utilization of tropical and subtropical brackish water ecosystems” 
is a collaborative project with Malaysian research institutes and universities, and “ Development of 
sustainable agricultural technology in Northeast Thailand” is follow-up of a project conducted by JICA 
which had been completed in 1994. A fourth integrative project “Development of a sustainable 
agro-pastoral system in the subtropical area of Brazil” will be commenced in collaboration with the 
Brazilian Agricultural Corporation (EMBRAPA). 

The Research Information Division is also in charge of the development of computer information 
processing technologies such as data base management, geographic information system construction, 
local networking application of multi-media computer for promoting dissemination and utilization of 
research information. The Division is now developing a comprehensive information system including 
statistical data (JIRCAS-STAT), documents such as travel reports and imagery data (JIRCAS-INFO) 
based on PC windows and UNIX with the addition of social sciences as a new research field at JIRCAS. 

The three responsibilities of Research Information Division remain in the course of development and 
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undergo constant revision and reorganization as our information system continues to develop. 


TOPIC: JIRCAS-STAT, A statistical database system for world agriculture, forestry and fisheries 
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JIRCAS-STAT,A statistical database system for world agriculture forestry and fisheries 

In order to facilitate analytical work for the planning of research projects and assistance of global research such as the world food demand-supply projections, the 
Division has constructed a statistical database system which enables the handling of a large variety of socio-economic time series data in an integrated manner. 

Using this database system, the user can look up needed data simply by selecting the regions, items and years of interest. The user can arrange the data in various 
types of tables. In addition, using the combined software, a graphical display of the data and statistical /econometric analyses can also be carried out easily. 

Most of relevant data published by international organizations dating up to present/?) have been stored in the database using a common format. The database 
covers yearly statistics related to the fields of agriculture, forestry and fisheries including general indicators such as population figures, GDP, and land usage 
values. In addition, the database includes data arranged according to products, with references to production, trade, food balance sheets and food aid. 

Data Stored in the JIRCAS-STAT database 

Contents Number of time series/in thousands) Storage Space/in MB) 

Population,Land use,Pridyction 


(F.A.O) 

200 

50 

Trade (F.A.O) 

310 

99 

Food Balance Sheets (F.A.O) 

540 

128 

Forestry Fisheries (F.A.O) 

140 

36 

USDA. OECD. WB 

130 

113 


The advantage of this system is its userfriendliness. As it is based on theWindows operating system which is currentlythe most widely-used system for personal 
computers, users do not need to learn any special commands. Because of theoriginal approach employed in this system of transforming a modem relational 
database structure into a suitable structure for a statistical time series data, the database has advantage of great efficiency in terms of both processing speed and 
data storage space. 

The system is being used in the preparatory work of the Division’s econometric model analysis of the world food market. It has already been installed in several 
locations of the headquarters of the Ministry of Agriculture, Forestry and Forestry. Within a year it will also be available through an information network for 
remote users in the Ministry. In addition, a database system for documents and photographs is being constructed in the Division. 
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BIOLOGICAL RESOURCES DIVISION 


Environmental stresses such as drought, high and low temperature extremes, and pest and disease 
outbreak can result in the serious instability of a crop yield with devastating results, bringing about the 
starvation and malnutrition of a large number of people in a developing region. In addition, a rapidly 
growing population rapidly accelerates the deterioration of natural resources, especially in marginal 
lands, which may lead to further degredation of food production. We are now faced with the need to 
increase and stabilize agricultural production through methods compatible with the preservation of the 
environment. To achieve this objective, it is essential to develop agricultural technologies by optimizing 
the use of biological resources. 

In light of the above, the first objective of the Biological Resources Division is to collect, evaluate and 
preserve germplasm accessions of under-utilized crops and wild relatives, taking into account the rapid 
genetic erosion occurring on a world-wide scale. In this regard, studies on mungbean germplasm, which 
had been carried out at the Chai Nat Field Crops Research Center in collaboration with the Department 
of Agriculture, Thailand, since 1987, were completed in 1995 and recent progress in this research field 
was reviewed during the workshop held in Bangkok, Thailand on August 17, 1995. The proceedings of 
the workshop were published as JIRCAS Working Report No.2. 

Secondly, using biotechnological procedures, we are studying the mechanisms of tolerance to 
environmental stresses in higher plants at the molecular level. The molecular biology group of the 
Division including several visiting scientists is studying the molecular mechanisms of drought tolerance 
in Arabidopsis thaliana, Vigna unguiculata and other higher plants. These studies will be integrated with 
the overseas research activities of the Division, especially with a project involving drought-tolerant 
cowpeas, Vigna unguiculata, in the sub-Saharan regions conducted at the Kano Station of the 
International Institute of Tropical Agriculture. 

Thirdly, using genetic resources and applying biotechnological procedures, we are implementing 
collaborative breeding projects in various countries in order to develop new varieties of rice, wheat, and 
vegetables characterized by high yield potential and resistance to various diseases and environmental 
stresses. These new varieties should contribute to the increase and stabilization of agricultural production 
with lower input in the developing regions. In 1995, a new research project on the use of soybean genetic 
resources for the implementation of a breeding program in northeastern China was initiated at Jilin, 
China, in collaboration with the Soybean Institute of the Jilin Academy of Agricultural Sciences. 

Photo:Exploration of plant genetic resources in Peru (PhotoiT.Nakanishi) 17KB 

TOPIC l:Use of stored pearl millet pollen in wheat haploid production 
TOPIC2:Screening cowpea lines for drought tolerance and its expression in roots. 
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TOPIC 1: Use of stored pearl millet pollen in wheat haploid production 

The use of haploids in plant breeding programs is of great interest to breeders, since the production of 
haploid plants followed by chromosome doubling enables the breeder to obtain genetically homozygous 
lines. The successful production of doubled haploids provides the most rapid means for developing 
recombinant lines with favorable uniformity in selection procedures, and serves as a complement for 
conventional breeding programs. JIRCAS (formerly TARC) has been promoting technical development 
of haploid production in wheat (Triticum aestivum L.) through wide crosses in collaboration with the 
International Center for Agricultural Research in the Dry Areas (ICARDA), Syria, and the International 
Maize and Wheat Improvement Center (CIMMYT), Mexico. 

Up until the present, significant technical advances have been attributed to pollen selection from 
subfamilial species and application of plant growth regulators. However, this type of methodology 
always requires viable pollen at the time of pollination and restricts haploid production duration. An 
adequate pollen storage technique has the potential to resolve this disadvantage. In a previous study, 
maize (Zea mays L.) pollen stored at an ultra-low temperature produced haploid wheat embryos, but the 
frequencies were greatly reduced. Pearl millet (Pennisetum glaucum (L.) R. Br.) is an alternative pollen 
source for haploid production of wheat. 

The effects of drying and freezing on the viability of pearl millet pollen and the crossabilities of wheat 
with stored pearl millet pollen were examined in this study. Freshly collected pollen of 40-50 % water 
content germinated at frequencies of 70-80 %. Dried pollen of 5-7 % water content after two hours of 
drying showed germination frequencies of 40-50 %, and also maintained similar germination frequencies 
after the freezing process. In crosses of wheat variety Norin 61 with the pearl millet pollen stored for one 
month, the embryo formation frequencies ranged from 17.4 to 27.5 % which were comparable the 
frequency obtained in a cross of fresh pollen (Fig. 1) . After five months of storage, the frequencies still 
kept similar values at storage temperatures of -80 and -190°C, but were greatly decreased at -20°C. All of 
the plants regenerated from embryos were wheat haploids carrying a complement of 21 chromosomes 
(Fig. 2.) . These results suggest that pearl millet pollen is more tolerant to drying and freezing than maize 
pollen, and that pearl millet pollen stored at ultra-low temperatures is an efficient haploid production 
source for wheat. 

Fig. 1.Embryo formation in wheat, self-pollinated (left), and crossed with one-month stored pollen of 

pearl millet (right) 18 days after pollination. Bar indicates 2mm. 8KB 

Fig.2.Somatic chromosomes of plants obtained from wheat, self-pollinated (left, 2n=6x=42), and crossed 

with five-month stored pollen of pearl millet (right, 2n=3x=21). Bars indicate 10 urn. 13KB 
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TOPIC 2: Screening cowpea lines for drought tolerance and its expression in roots. 

Cowpea is a leguminous crop particularly important in savanna areas of West Africa and is well- adapted 
to semi-arid conditions. However, because of the risk of erratic rain fall and long dry spells, much higher 
drought tolerance is required in cowpea in order to utilized it as an effrective crop. 

Nine-hundred cowpea germplasm lines were screened in the field during the 1990-91 dry season. 
Selected lines were further screened using pots in which soil moisture content was maintained at 3% 
(w/wet weight) every day. Drought-tolerant as well as drought-susceptible varieties were further 
evaluated in the field during the dry season. Plants were sown after the last rain and were allowed to 
grow using only residual soil moisture. Drought-tolerant lines grew very vigorously and yielded about 1 
ton per ha, although usually grown traditional and improved varieties yielded less than 500 kg per ha and 
susceptible lines less than 300 kg per ha (Table 1) . These tolerant lines are expected to perform well and 
show more stable yields in drier areas. However, because the characteristics of these seeds are not 
preferred among local farmers, these lines are being considered for use as parent lines for drought- 
tolerant breeding. 

Drought-tolerant lines are usually well-adapted in dry conditions, and therefore, are likely to have good 
root characteristics. In order to investigate the important root features for adaptation under dry 
conditions, the root distribution patterns of drought-tolerant and susceptible lines of cowpea were 
compared. Plants were grown in thin root boxes measuring 56cmW x 76cmH x 4cmD. Boxes were 
buried in soil to maintain soil temperature close to that of the natural soil. After growth of 12 days to 3 
weeks, roots were fixed with on a pin board and soil was washed out with a gentle shower. 

Clear differences were observed in root distribution in deeper zones between drought-tolerant and 
susceptible lines (Fig. 1) . Drought-tolerant lines had a wider distribution of roots in the deeper zones of 
the root systems in comparison with drought-susceptible lines which had only tap roots penetrating 
deeply with less branching. It is considered that a wider distribution of roots in the deeper zone is 
important in concentrating scare soil solutions in deeper soil layers. 

Fig. 1. Root distribution patterns of drought-tolerant and susceptible lines of cowpea. (32 KB) 

Drought tolerance and root character are two important, but independent factors complementing each 
other in developing adaptation ability to dry conditions. It is important to accumulate these factors in the 
cowpea which is an important agricultural crop. Efforts are being made to combine these factors with 
other characteristics such as early maturational ability, as well as diseases, insect pest and parasitic weed 
resistance to contribute to the stable production of cowpea in the Sahelian area. 

Table 1. Grain yields of drought-tolerant lines (upper 4 strains), traditional and IITA-released 
cultivars (middle 3 strains) and drought-susceptible lines (bottom 3 strains) of cowpea. Yields are 
shown per plant and per area. 


Strains 

Grain yields(g/plant) 

Grain yields(kg/ha) 

TVU-11979 

14.32 

1007.0 

TVU-11986 

15.70 

921.1 
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TVU-12348 

13.60 

910.9 

TVU-12349 

9.17 

582.4 

Dan 111a 

8.09 

288.4 

Kanannado 

7.61 

470.6 

IT84S-2246-4 

8.23 

451.5 

TVU-7778 

4.01 

267.4 

TVU-8256 

2.36 

153.9 

TVU-9357 

4.58 

272.1 
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ENVIRONMENTAL RESOURCES DIVISION 

A recent estimate suggests that the world human population will reach the 6.3 billion mark by the year 
2000 and the 6.8 billion mark by 2025. To feed this ever-increasing population, existing agricultural land 
is likely to be subjected to a higher intensity of cultivation in populous areas, and farmland development 
to be extended to areas only marginally suited for agriculture. Trade liberalization in recent years has led 
to a sharp increase in import of commercial crops and is encouraging increased production in exporting 
countries; this may result in excessive load to farmland soils, continuous single cropping and 
deforestation in such countries. Past, unfortunate experiences have shown us that these practices have 
accelerated farmland degradation and desertification on a global-scale. Such drastic changes in land use 
cause climatic transformation over extended regions and bring about unpredictable constraints to existing 
agricultural and forest ecosystems. 

From the second half of this century, patterns of land utilization have been changing due to population 
expansion. These changes, along with a rapid increase in fossil fuel consumption has tremendous impact 
on the atmosphere through intensified emissions of carbon, nitrogen, and sulfur gases. The annual 
consumption of fossil fuel now exceeds 5 billion tons of carbon. If the present level of consumption 
continues, C0 2 concentration will increase by 0.5% per year and double by the middle of the next 
century. The IPCC report (1990) suggests that a two-fold increase in C0 2 concentrations can potentially 
cause an increase in global mean surface temperature ranging from 1.5 to 4.5°C- 

It has furthermore been shown that the atmospheric concentrations of other greenhouse gases such as 
methane, nitrous oxide and chlorofluorocarbons have also increased greatly within the past two decades. 
If the effects of these trace gases are taken into account, global warming is estimated to take place more 
rapidly than in the case where the effects of C0 2 are considered alone. These trace gases move from the 

troposphere to the stratosphere and participate in the destruction of the stratospheric ozone. The depletion 
of the ozone layer allows more ultraviolet rays to reach the earth surface where millions of species of 
organisms live without any means of protection from ultraviolet radiation. 

To address these problems, research projects in this division are being organized to identify and develop 
technologies for the improvement of agricultural activities and rehabilitation of degraded lands. The 
target technology must be compatible with the conservation of the environment and ecosystem such as of 
arid lands, wetlands and sloped lands which have long been considered of little use for agriculture. Other 
projects aim at the development of technology for sustainable agriculture through analyzing mechanisms 
of nutrient cycling within arable land ecosystems. To conserve the global environment in harmony with 
agricultural activities, research on sustainable agriculture should be given foremost emphasis. 

Photo: Soil erosion in the Yangtze River area due to excess com cultivation (Photo:K.Minami) 13KB 

TOPIC 1: Distribution patterns and characteristics of Philippine lowland soils 

TOPIC 2: Mechanisms of acid-soil tolerance of upland rice 

TOPIC 3: Options for mitigating methane emission from tropical rice paddy fields 
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TOPIC 1: Distribution patterns and characteristics of Philippine lowland soils 

In the Philippines, increases in rice production are very much needed, considering the rapid population 
increase in recent years. Thus, studies to clarify the fertility characteristics of the Philippine lowland soils 
in order to establish their real potential for rice production are highly required. The present study aimed 
to characterize the Philippine lowland soils from a pedological viewpoint in reference to factors such as 
parent material, climate, and topography. 

The thirty-two major lowland soils from six lowland rice areas were selected in this study. Out of the 
soils examined, fifteen soils were considered to be irrigation water aquic, while the seven soils were 
regarded to be ground water aquic. Setting the dry month as <100 mm of rainfall, the ground water aquic 
soils were found only in the relatively humid areas with f4 dry months per year. In connection with the 
change in topography from natural levee to back swamp, in Central Luzon with >4 dry months per year, 
the increasing influence of irrigation water was obvious, while in Bicol with <2 dry months per year, the 
increasing influence of ground water was recognizable. Thus, the importance of rainfall and topographic 
conditions for profile development was verified. 

Philippine lowland soils had high organic matter status, high base status, high clay and high available 
silica contents, as well as a high content of 14 + minerals, mostly smectite, compared with other tropical 
Asian lowland soils. However, there were some observed regional differences, e.g., with organic C and 
total N contents, reflecting the difference of rainfall condition among the regions. 

This study shows that the various characteristics of the Philippine lowland soils are essentially controlled 
by the basic nature of the parent materials. In view of this, the Philippine lowland soils can be considered 
to have relatively high potentiality for rice production among the tropical Asian paddy soils. However, 
diversity of the soil characters is induced by two conditions, rainfall and topography, which may cause 
differences in soil fertility among regions and within a region, respectively. Thus, based on the 
knowledge obtained in this study, to develop proper soil management techniques leading to higher yield 
and sustainable rice cropping, is highly required. 

Photo:Photomicrograph of Fe coatings of a root channel (tubular mottles), typical in ground water aquic 

soils. 35KB 
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TOPIC 2: Mechanisms of acid-soil tolerance of upland rice 

The savannas of South America (Cerrados and Llanos), which extend more than 2.4 million hectares, up 
until now, have been utilized only for extensive ranching due to their acidity and low fertility of soil. In 
this research, a new rice-pasture system was developed and introduced to these ecosystems as an 
alternative sustainable cropping system. In this cropping system, upland rice germplasm which has 
tolerance to soil acidity is a necessity. The physiological mechanisms of tolerance to soil acidity are, 
however, not well understood. Therefore, the mechanisms of acid tolerance were investigated by 
comparing tolerant and susceptible genotypes with the aim of obtaining basic information for the 
development of efficient screening methodology. 

In field experiment on liming response, the susceptible genotypes yielded less at a liming rate lower than 
300 kg/ha, whereas the tolerant ones showed no yield reduction even at 0 kg/ha liming. These results 
indicated a clear genotypic difference in terms of tolerance to soil acidity among upland rice germplasm. 
In actual farming practice, soil pH decreased to 4.3 and aluminum concentration in soil solution 
increased to the toxic level only at the middle and late growth stages, which showed that toxicity due to 
high aluminum may occur only at these stages. This acidification process was found to be enhanced by 
fertilization using KC1 and urea. 

The mechanisms of tolerance to aluminum can be distinguished as: 1) internal tolerance - aluminum is 
absorbed into the plant symplasm but is detoxified and 2) exclusion - the entry of aluminum into 
symplasm is in general blocked. In an enclosed pot experiment using savanna soils, the tolerant variety 
maintained higher soil pH in the pots and thus maintained lower aluminum concentration in soil solution. 
When the tissue concentration of aluminum was same in both varieties, growth was also the same. These 
results indicated that, as one of the exclusion mechanisms, the ability of maintaining higher soil pH 
around the roots is an important mechanism of aluminum tolerance in upland rice. 
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TOPIC 3: Options for mitigating methane emission from tropical rice paddy fields 

The atmospheric concentration of methane (CH 4 ) has been noted to be increasing rapidly in recent years. 
Because it is a radiative trace gas (greenhouse gas) and takes part in atmospheric chemistry, this rapid 
increase could be of significant environmental consequence. Of the wide variety of the sources for 
atmospheric CH 4 , rice cultivation is identified as one of the major sources of CH 4 emission, and in 
particular, tropical rice paddy fields are significant because more than 70% of the world's rice acreage is 
located in this region. This research was aimed at measuring CH 4 flux from rice paddy fields and at 
developing the options for mitigating CH 4 emission from tropical rice paddy fields. 

Field measurements performed at 9 sites in Thailand showed a large variation in CH 4 emission rates 
among the sites. The average emission rates during the rice cultivation periods ranged from 1.1 to 23.0 
mg m-2 hr-1. The results indicated that soil properties and agronomic practices including water and 
organic matter management affected CH 4 emission rates from rice paddy fields. 

Application of rice straw to paddy soils prior to flooding increased total CH 4 emission 3.8- to 10.4-fold. 
The largest CH 4 flux was observed in the early stage of cultivation at the rice straw- applied plot, 
whereas it was observed in the latter stage at the plot without rice straw application. Green manure 
application also increased CH 4 emission significantly. On the other hand, some organic amendments 
such as palm oil wrung residue and complehumus did not affect CH 4 emission rates significantly. The 
results suggest that promoting aerobic degradation of organic matter by composting or incorporation into 
soil during the off-season drained period decreases CH 4 emission from tropical rice paddy fields. 


Instrumentation for measuring CH 4 flux in Thailand 
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CROP PRODUCTION AND POSTHARVEST TECHNOLOGY DIVISION 


Due to the constant increase of the human population, it is urgent to increase crop production in order to 
deal with increasingly severe food problems. The status of the food supply will become more serious as it 
is realized that patterns of food consumption are being improved in developing countries: people will 
require more meat, fruits, vegetables and oil in accordance with social development and achievement of 
higher incomes. 

In the developing regions of today, self-reliance in food, rather than self-sufficience is an important 
objective. There are no common models for achieving this goal, but it may be considered that there are 
various ways to go about this in context of the natural and environmental conditions of a particular 
country. 

The Crop Production and Postharvest Technology Division is carrying out studies covering production to 
storage, as well as the marketing and processing of crop products, and our research activites encompass a 
variety of disciplines including agronomy, plant protection (insect pests, disease and weed control), 
agricultural mechanization, irrigation, drainage, cropping systems, food storage, postharvest technology, 
farm management and agricultural economics. 

Because the world-wide total area of arable lands is limited, we view that sustainable production of 
agricultural products can be achieved only by increasing overall productivy. For this purpose, various 
technological problems have to be resolved, but not withstanding that sustainable agriculture has to be 
compatible with the preservation of the natural environment. It is deemed necessary to reduce as much as 
possible the amount of chemical inputs in agricultural endeavors, and to achieve this, more research on 
biological or cultural control systems should be implemented, such as studies on the ecology of insect 
pests and their natural enemies and development of methodology for the prediction of outbreaks of 
insects and diseases. Thus, “integrated pest management” is strongly called for. Additionally, it is 
necessary to stress postharvest studies of agricultural products; quality improvement including safety and 
the extension of shelf life as well as control of the presence of insects and microorganisms in foodstuffs 
is one of the main objectives of this division. Finally, sustainable production of agricultural commodities 
can only be supported by the development of sustainable markets. Technology for enhancing the value of 
agricultural products is being developed with the aim of increasing the incentive of the farmer to promote 
sustainable production. Economic studies are requisite in furthering the regional development of 
respective countries. 

Photo :Ra.mbutm(Nephelium lappeceumm Linn.jis one of the most popular of tropical fruits, but has a 

short shelf life. 

The word ’’rambut’' means hair in the Malay language. The photo was taken at an open air market in a 

suburb of 

Bangkok. (Photo: K.Kawasima) 22KB 

TOPIC 1: Ecology of weedy rice (Oryza sativa L.) and its control strategy in direct seeded rice fields in 

Malaysia 

TOPIC 2: Reproductive strategy of the parasitoid fly, Exorista japonica (Diptera: Tachinidae): clutch 

size regulation with host density 
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TOPIC 1: Ecology of weedy rice (Oryza sativa L .) and its control strategy in direct seeded rice fields 
in Malaysia 

Weedy rice, which is locally known as padi angin in Malaysia, shows many undesirable traits such as 
easy grain shattering. The presence of weedy rice was initially reported in Projek Barat Laut Selangor in 
1988, and thereafter, similar infestation problems were detected in the Muda rice area in 1990. Serious 
conditions became obvious in 1993, with a total of 168 ha becoming infested in this area. Weedy rice 
inflicts crop loss by reducing the yield and quality of commercial rice. The problem is now noted to 
occur frequently in direct seeded rice fields, and is apparently increasing with the spread of direct 
seeding rice culture in tropical Asia. 

Photo:Grain shattering of the rice crop before harvesing (20KB) 

In this research, it was found that weedy rice plants show continuous variation in morphology; although 
they showed many close similarities to modem rice cultivars, they differed from the latter in terms of 
culm length, leaf color, grain size, pericarp pigmentation, and awn and panicle form. Detailed survey of 
their morphologies showed that the majority (93%) of weedy rice plants had longer culms than modern 
cultivars, 34% had pigmented grains, and 39% had grains with long awns. DNA analysis using randomly 
amplified polymorphic DNA (RAPD) markers revealed that the genetic stmcture of weedy rice plants 
was also of close similarity to cultivated rice, indicating that the Malaysian weedy rice (padi angin) could 
have originated from cultivated rice. 

Based on a survey we conducted by interviewing farmers in the Muda and Tanjung Karang rice areas, we 
found that weedy rice infestation was more serious in dry seeded rice fields and less so in wet seeded 
fields. Seedling establishment in dry seeded fields is more unstable because it is subject to the vagaries of 
uncertain rainfall. Poor establishment of such dry seeded rice was sometimes observed to be 
compensated by volunteer seedlings which emerged from shed seeds in the previous season. It was with 
this emergence of volunteer seedlings that weedy rice was found to occur. In the first season (off-season) 
of 1987, volunteer seedling culture was practiced in nearly 40% of total rice fields, where farmers 
depended on volunteer rice seedlings for the season crop. Volunteer seedling culture decreased in the 
off-seasons from 1988 to the early 1990's, when dry seedling culture was encouraged to save irrigation 
water because of an on-going shortage of water supply from irrigation dams. The practice of dry seeding 
culture associated with volunteer rice seedlings was therefore considered to the most important factor 
causing infestation of weedy rice in Malaysia, although seed contamination too, was considered to be a 
factor exacerbating weedy rice problems in the above areas. 

Weedy rice emerges earlier than dry seeded cultivated rice, resulting in its competitive advantages over 
cultivated rice. In seriously infested fields where weedy rice plants occupied 35% of total rice plants, the 
rice grain yield was reduced to 3.2 ton/ha, which was 50% to 60% of the rice yield in the absence of 
weedy rice infestation. Plants with pigmented and/or awned grain and colored pericarp will also reduce 
the quality of rice grains. 

Weedy rice showed wide variation in seed shedding behavior. Seed shedding started at eight days after 
heading in the earliest shattering type, and earlier shattering resulted in a higher shattering rate, seeds 
were classified into several grades, i.e., hard threshing, easy threshing, easy shattering, very each 
shattering and spontaneous shattering type. The result of a germination test using fresh dry seeds 
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immediately after shedding indicated that the degree of seed dormancy of the spontaneous shattering type 
was higher than that of the intermediate shattering type. However, seed dormancy was absent at three 
months after shedding, suggesting that Malaysian weedy rice required less than three months to 
overcome its seed dormancy. This trait may be desirable for weedy rice to emerge in the next season of 
double rice cropping in Malaysia. 

Mimicry of cultivated rice, seed dormancy and tolerance to rice herbicides are qualities of weedy rice 
which cause difficulties in controlling it, and costs farmers in eliminating it. The results of this ecological 
study suggested that no single technique would have superior effectiveness in controlling weedy rice, and 
integrated control measures based on ecological methods should be applied in order to overcome these 
problems. Culture practices which would be effective in reducing weedy rice populations are as follows; 

(1) Land preparation: Repeated rotovation is effective to reduce weedy rice population in rice fields. 
Weedy rice seedlings which are promoted to emerge by the first or the second rotovation will be buried 
in the soil by the second or the third rotovation. Intensive land preparation is also effective in obtaining 
uniform seedling establishment of broadcasted rice as well as reducing weedy rice population. 

(2) Seed purity: Certified seeds are required to preventing contamination by weedy rice. However, the 
capacity of seed production of government seed suppliers is not sufficient for rice production in 
consideration of total rice cultivation areas. More than two-thirds of areas under cultivation are suspected 
to be planted using farmers’ own seeds from the previous crop. 

(3) Seedling establishment: Uniform and rapid seedling establishment of seeded rice could have 
advantages over weedy rice in terms of stronger competitive ability. Tillage for mixing seeds with soil 
and pressing the soil surface with a roller after sowing are recommended for uniform seedling 
establishment. 

(4) Manual weeding: Many farmers have noted that manual weeding is the most effective practice for 
controlling weedy rice. However, it cost farmers physically and economically. Moreover, there are 
difficulties in walking in broadcasted rice fields and carrying out the identification of weedy rice. Making 
a narrow ditch to walk in the field, or doing row seeding or drill seeding would help farmers to practice 
manual weeding. Successful farmers could identify weedy rice by leaf sheath color at early to middle 
stage of rice cultivation. 

(5) Chemical control: Herbicide usage before land preparation is effective to reduce the seed population 
of weedy rice in the field. Paraquat, glufosinate and glyphosate are available, and rotovation after 
herbicide usage increases their effectiveness. Few herbicides are available for after seeding in rice fields. 
Breeding of rice highly tolerant to herbicide would aid in the chemical control of weedy rice. Weedy 
rice, however, will continue to evolve physiologically and metabolically similar to rice cultivars. 
Continuous usage of herbicide resistant cultivar would cause herbicide resistant weedy rice to develop, 
through crossing and natural selection in the rice fields. Information on mating performance of weedy 
rice, gene transfer between weedy rice and cultivated rice, and genetic structure in rice fields is necessary 
for further investigation of the evolution of weedy rice. 
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TOPIC 2: Reproductive strategy of the parasitoid fly, Exorista japonica (Diptera: Tachinidae): 
clutch size regulation with host density 

The family of Tachinidae flies is considered to contain very important potential biological control agents. 
There have been, however, relatively few studies on the biology of tachinid flies as compared with their 
parasitoid counterparts, the parasitic wasps; one reason may be that the culture of tachinids has many 
difficulties. In order to employ the tachinid fly as a biological control agent, it is first essential to not only 
develop rearing techniques for these insects, but also to conduct fundamental studies on their biology. 

Exorista japonica, the species which attacks the common armyworm Mythimna separata, is also an 
important natural enemy of the common cutworm Spodoptera litura, and the cabbage armyworm 
Mamestra brassicae. It has been reported that E. japonica sometimes deposits supernumerary eggs on a 
single host in the field. Unanswered questions such as relating to the optimal clutch size necessary for 
maximizing the reproductive success of the female fly or whether a female fly can regulate clutch size in 
response to host density need to be solved before introducing this parasitoid into the field. 

A member of JIRCAS's research staff has already established a rearing procedure for E. japonica and 
predicted that the optimal clutch size of E. japonica parasitizing a last-instar larva of the common 
armyworm, will gain maximum fitness varying 1-10 in response to the rate of host encounter, host 
density per unit area (patch) and oviposition ability the time of host encounter. To verify this prediction 
required clarification of whether the flies really regulate clutch size according changes in these factors. 
Therefore, the effects of host encounter rate and host density per patch on the oviposition decisions of E. 
japonica females were studied in the laboratory. 

To determine the effect of host encounter rate and host density per patch on oviposition, either 1, 2 or 5 
host larvae were simultaneously presented to a female of E. japonica at the intervals of 1 min, 2 h or 24 
h. Host presentation was repeated three times for the female at the same interval as the rate of host 
encounter. For each experiment, the number of eggs laid per oviposition bout, clutch size and time spent 
in a patch were recorded. Since it is sometimes very difficult to determine one bout from the series of 
oviposition behaviour, a bout of oviposition in this study was defined as oviposition during the time of 
entering the patch to leaving it. 

As a result, a female fly decreased clutch size as the rate of host encounter and host density per patch 
increased (Fig. 1 (a), Tukey-Kramer's method, p<0.05), and also decreased the number of eggs per bout 
as the rate of host encounter increased and as host density per patch decreased (Fig.l (b), 

Tukey-Kramer's method, p<0.05). Under the same host densities, the parasitoids tended to stay for 
shorter durations in a patch at the interval of 1 min than at those of 2 h and 24 h (Fig. 1 (c), 
Tukey-Kramer's method, p<0.05). On the other hand, time spent in a patch at an interval of 1 min 
increased with host density, although there was not significant difference among time in a patch at other 
intervals with increasing host density. Figure 1 (d) shows percentage of hosts oviposited with one or 
more than one egg (percentage parasitism). The flies parasitized 100 % of hosts at all intervals when 
given one host per patch. When given 2 or 5 hosts, percentage parasitism increased as the rate of host 
encounter decreased, but rapidly decreased as the result of flies leaving the patch with unparasitized hosts 
when host density increased (X 2 -test, p<0.05). 
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TOPIC 2: Reproductive strategy of the parasitoid fly, Exorista japonica (Diptera: Tachinidae): clutch size regulation with hos 

In this study, hosts were provided to a female fly not only at different time intervals but also with 
different host densities, and flies laid more eggs in a bout as host density increased even at the same 
intervals in which hosts were encountered. When a parasitoid encounters a host in a short interval, there 
is the possibility that oviposition is limited by egg shortage, but not by the ability to recognize host 
density. However, the results of this investigation revealed that E. japonica regulated the number of 
ovipositions and left the patch with matured eggs that could still be oviposited. This study has indicated 
that flies are able to regulate the number of eggs in a bout because of having the ability to not only 
recognize host density according to the rate of host encounter, but also host density within a patch. 

Photo 1 .E. japonica female ovipositing on M.separata (16KB) 

Fig. 1.Mean clutch size (calculated excepting unparasitized hosts) (a), mean number of eggs laid per bout 
(b), mean time in a patch during an oviposition bout (c) and percentage of host oviposited in a bout by E. 
japonica females (d), when hosts were given intervals of 1 min, 2 h and 24 h, with host densities of 1, 2 
and 5 hosts per patch. Bars with the same letter among host densities in each interval (a-c) and among 
intervals of each host density (x-z) are not significantly different at the p=0.05 level ((a), (b) and (c); 
multiple comparison test, based on Tukey-Kramer«s method, (d); (22-test). 
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ANIMAL PRODUCTION AND GRASSLAND DIVISION 


Animals in developing countries contribute to the betterment of people's lives in various ways. Animals 
not only produce the meat, milk, eggs and hide which are essential in daily life and are an important 
source of income, but also generate daft power for tillage and transportation, and produce wastes for use 
as fertilizers and source of fuel. Yet, production related to livestock rearing remains at low levels due to 
constraints such as low genetic potential of animals, poor feeds in terms of quality and quantity, 
prevalence of disease, harsh climatic conditions, and inadequate management. 

The Division carries out research in order to achieve a sustainable increase of animal production in 
harmony with the natural resources of the environment by enhancing reproductive capacity, securing 
feed resources by improvement of grassland areas or better utilization of agro-industrial by-products, 
controlling invasive animal diseases and improving management practices. 

Three research projects ended sucessfully in the fiscal year of 1995. The themes and the collaborative 
research organizations were as follows: 1) Development of genetic evaluation for trypano-tolerance and 
meat and milk production in African cattle with the International Livestock Research Institute (ILRI, 
Ethiopia); 2) Geographical information systems for characterization and analysis of rangelands in West 
Asia and North Africa with the International Center for Agricultural Research in Dry Areas (ICARDA); 
and 3) Mineral nutrition research in tropical ruminants with the Malaysian Agricultural Research and 
Development Institute (MARDI), Malaysia. 

Currently, six projects are being carried out abroad on long-term assignments (2-5 years): 1) 
Immunohistorical studies for the development of vaccine against East Coast Fever with ILRI, Kenya; 2) 
Ecophysiological studies on the persistency of tropical pastures in the Latin American Savanna with the 
Centro Intemacional de Agricultura Tropica (CIAT); 3) Development of technology for forage crop 
management in Northeast Thailand with the Department of Livestock Development (DLD), Thailand; 4) 
Improvement of cattle production with locally-available feed resources in Northeast Thailand with DLD; 
5) Improvement of raising technology of small livestock in the tropics with MARDI; and 6) Utilization 
of by-products in pig feeding and utilization of livestock excreta as biogas and feed resources of fish with 
Cantho University, Vietnam. The last one was initiated from this year as part overall of JIRCAS’s 
comprehesive project "Integrated research on farming systems combining agriculture, animal husbandry 
and fisheries in the Mekong Delta". 

Additionally, the following studies were carried out by researchers on short-term assignments (1-3 
months): 1) Genetic characteristics of indigenous breeds of pigs in the Philippines with University of the 
Philippines Los Banos (UPLB); 2) Manufacturing of good quality silage under tropical conditions 
(DLD); 3) Rumen characteristics and digestibility of feeds in ruminants (DLD); and 4) Control of body 
fat in chickens (MARDI). 

In recent years, requests for collaborative research from developing contries have become diversified 
including incorporating applications in biotechnology along with upgrading the overall level of research. 
As a result, the Division is promoting basic research as a support for overseas activities at the Tsukuba 
campus on the following subjects: 1) identification of endophytic fungi in pasture plants in tropical 
regions and their utilization in plants via biotechnological methods; 2) investigation of endocrinological 
responses to heat stress in ruminant animals in relation to milk secretion. 
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TOPIC 1: Processing of urea molasses blocks for ruminant animals in Malaysia 

TOPIC 2: Utilization of oil palm frond silage as feed in the tropics 

TOPIC 3: Analysis of association of dna markers and quantitative trait loci (QTL) effects 

TOPIC 4: Establishment of a long and accurate PCR (LA-PCR) method for mitochondrial dna rflp 

analysis in domesticated and wild pigs 

TOPIC 5: Degradation hazard modelling and mapping of a small ruminant production systems in WANA 
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TOPIC 1: Processing of urea molasses blocks for ruminant animals in Malaysia 

Despite the abundance of agro-byproducts, Malaysia is still a net importer of feed by virtue of the basic 
and conventional ingredients used for animals. Malaysia imports maize, soy bean and fish meal to levels 
of more than M$ 500 million annually. Molasses and palm kernel cake (PKC) are common 
agro-byproducts in the country and urea molasses block (UMB) is a promising feed supplement for 
ruminant animals. We have established processing methodology that can be utilized on a 
semi-commercial scale together with the Malaysian Agricultural Research and Development Institute 
(MARDI) in a collaborative research program. 

We designed and set a processing line which consisted of a convey system, a semi-automatic weighing 
system, a cutter-mixer, a vertical mixer and a horizontal mixer in a building (approx. 100 m 2 ) built at 
MARDI. More than fifty formulae of UMB were examined in terms of extent of mixing, solidification 
speed and palatability in animals. The best spectra of formulae that suits the processing line and shows 
good palatability performance is shown in Figure 1 (9KB). The UMB which were processed based on the 
formulae were evaluated by animal field trials. Live weight in animals supplemented with UMB was 
significantly greater than in animals supplemented by imported UMB as verified in several of the trials 
Figure 2 (20KB). The formulae and processing procedures were then applied to semi-commercial UMB 
production in Malaysia. 
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TOPIC 2: Utilization of oil palm frond silage as feed in the tropics 

In Malaysia, self-sufficiency in beef, milk and mutton is low because of the shortage of feed resources 
for ruminants. However, the country leads the world in palm oil production and produces annually 1.7 
million ton of oil palm frond (OPF) on a dry matter basis as by-products from the palm oil industry. At 
the present time, OPF is left discarded on the oil palm estates and not utilized. Given this situation, a 
collaborative study between the Tropical Agriculture Research Center (TARC), presently JIRCAS and 
the Malaysian Agricultural Research and Development Institute (MARDI) was initiated to develop uses 
of OPF as ruminant feed. 

Firstly, a method for preserving OPF as silage was examined, and chemical analysis and digestion trials 
with Kedah-Kelantan bulls were conducted in order to evaluate the nutritive value of OPF silage. 
Secondly, two feeding trials were carried out to confirm the possibility of practical utilization of OPF 
silage for cattle feed. In the feeding trials with 24 Australian Commercial Cross fattening bulls, the 
effects of OPF level in the diet on feed intake, growth and meat production in the bulls was determined. 

In feeding trials with 27 Sahiwahl-Friesian lactating dairy cows, feed intake and milk production were 
compared among three dietary treatments of 50% (on dry matter basis) tropical grass diet, 30% OPF diet 
and 50% OPF diet. Finally, the results of the collaborative study were announced at a press conference in 
MARDI to assist the transfer of the new technology to the livestock industry in Malaysia. 

It was found that high quality silage could be prepared by packing OPF in a silo under anaerobic 
conditions. The nutritive value of OPF silage was found to be as high as rice straw. The concentrates: 
carcass ratio was reduced by increasing the OPF level in the diet, which indicated that dietary energy in 
OPF could be used for meat production by the bulls (Table 1) . The efficiency of dietary energy 
utilization for milk production was higher in animals given 30 or 50% OPF diet treatment than in those 
on a 50% tropical grass diet treatment, which showed that the feeding value of OPF was not less than that 
of tropical grass (Table 2) . 

After the press conference, continuous visits and requests for information, demonstrations and training 
sessions on processings technique of OPF have been conducted by producers, farmers and extension 
agencies. Some farmers have already adopted the technology as shown in Plate 1. More than 100 units of 
the same chipper machine as examined in the collaborative study have been sold to farmers to chop OPF 
for feeding. The role that this research played in helping to develop the livestock industry in Malaysia 
was recognized by the awardance of a prize "The best research team in MARDI in 1992" to the research 
staff involved in the collaborative study 
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Table 1. Effect of feeding oil palm frond on performance in Australian Commercial Cross bulls 

OPF level, DM% 


Items 

10 

30 

50 





Number of bulls 

6 

6 

6 

Ingredient composition of diets, DM % 

Urea treated OPF silage 

10 

30 

50 

Concentrates 

90 

70 

50 

Feed intake and body weight gain 

Daily gain, kg/day 

0.75 a 

0.62 ab 

0.45 c 

Feed intake 

OPF, kg DM/day 

0.70 c 

1.83 b 

2.74 a 

Concentrates, kg DM/ 

6.32 a 

4.26 b 

2.74c 

Total diet, kg DM/day 

7.02 a 

6.10 ab 

5.48 b 

ME, MJ/day 

73.0 a 

54.9 b 

45.4 bc 

Carcass characteristics 

Carcass weight, kg 

237.2 a 

210.2 ab 

189.0 b 

Dressing percentage 

60.6 a 

58.2 ab 

57.6 ab 

Percentage in carcass 

Meat 

53.6 

58.2 

57.2 

Fat 

31.6 a 

27.6 ab 

24.2 b 

Bone 

16.0 

16.1 

17.7 

Concentrates: Carcass ratio 

6.02 a 

4.53 b 

3.25 c 


OPF : Oil palm frond, DM : Dry matter, ME:Metabolizable energy 
Ipalm kernel cake based feed 

a,b.c,dMeans with different superscript differ (p<0.05 ). 
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Table 2. Effect of feeding oil palm frond silage on performance in Sahiwal-Friesian lactating dairy cows 

Diet treatment 


Items 

30%OPF 

50%OPF 

Grass 

Number of cows 

9 

9 

9 

Body weight, kg 

417 

451 

450 

Ingredient composition of diet, DM% 




OPF silage 

30 

50 


Tropical grass’ 

... 

... 

50 

Concentrates 

70 

50 

50 

Feed intake and milk production 




DM intake, kg/day 

6.46 b 

5.86 c 

8.28 a 

Yield of 4% FCM, kg 

6.93 

5.73 

6.48 

4% FCM : ME intake ratio, kg/MJ 

0.109 a 

0.088 b 

0.096 b 


DM: Dry matter, OPF: Oil palm frond, FCM: Fat corrected milk, 

ME: Metabolizable energy 

'Concentrates contained 24.0% crude protein and 11.28 MJ/kg of metabolizable energy. 
a ’ b - c Means with different superscript differ ( p<0.05 ) 
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TOPIC 3: Analysis of association of dna markers and quantitative trait loci (QTL) effects 

The genotype of QTL which affects trypanotolerance or milk yield has not been determined directly. However, it has 
become possible to identify QTL genotype directly using DNA markers linked closely to QTL. Many microsatellites 
have been detected in recent years. Thus, DNA markers such as microsatellites have widened the possibility to identify 
genotypes of QTL directly. 

Simple association analysis procedures were developed for use in situations such as where the sire's marker and QTL's 
genotype are doubly heterozygous and observations for milk yield and the like are taken from the sire’s offspring. As an 
example tested using the developed procedure, ninety QTL were assumed to be located equally among chromosomes, 
and flankling markers were assumed to be located surrounding a QTL. The relationship between true marker effects and 
estimated marker effects surged by limiting the number of markers. That is, the relationship surged when the top 30 
largest markers were adopted instead of all markers. In addition, the influence of two combinations of heritability of 0.2 
and 0.4 on the relationship was also compared. 

The relationship was higher in the heritability of 0.4 than in that of 0.2. As a result, it has been shown that the 
effectiveness of using DNA markers to increase selection accuracy is justified when the effect of each QTL is genetically 
large in the case of limiting the number of markers in the order of size or higher heritability. Thus, it is indicated that 
QTL with large effects should be adopted in selection. 

Table 1. Correlation coefficients between true and estimated DNA 

Maker effects 


Heritability All markers Top largest 30 markers 

0.2 0.5089 0.6623 

0.4 0.5909 0.7423 
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TOPIC 4: Establishment of a long and accurate PCR (LA-PCR) method for mitochondrial dna rflp analysis in domesticated and 
wild pigs 

We established a simple method for the amplification of domesticated and wild pig mitochondrial DNA (mtDNA), which is 15.2kb in length, 
and for mtDNA RFLP analysis using the long-accurate PCR (LA-PCR) method with the "hot start" technique. Single primer sets (35-mer) 
were used to amplify mitochondrial DNA (mtDNA) of 15.2kb excepting the D-loop region. LA-PCR conditions were as follows: one cycle of 
94'C, 30 cycles of 98’C (20 sec) and 68’C (20 min) followed by 10-min extension at 72’C. LA-PCR was carried out using the Takara LA PCR 
kit ver.2. Genomic DNA (about 500 ng) as the DNA template was extracted from peripheral white blood cells and hair roots. The usefulness 
of the present method for mtDNA amplification and mtDNA RFLP analysis was confirmed in Luzon native pig and Luzon wild pigs in the 
Philippines. We collected blood samples from seven native pigs (Bontoc: Mountain province and Banaue: fugao province), and from six 
native pigs originating from Pangasinan and Batangas province. We have also collected hair samples from two Luzon wild pigs; Luzon warty 
pig (Sus philippinesis) and Palawan bearded pig (Sus barbatus). The mtDNA types of the two wild pigs were distinctly different from those 
of European and Chinese pigs and differed from each other as well. There were found two types of mtDNA in the Luzon native pigs. One of 
the mtDNA types may originate from Duroc or Berkshire breeds. The other type is similar to that of the Ryukyu wild pig. 

Table 1. Mitochondrial DNA patterns of several pig breeds and wild pigs. 

Restriction Enzymes 

Breeds HincII Haelll HifI Seal Aatl Belli 


Landrace 1 

Large White (NIAI) 1 

Duroc 1 

Berkshire 1 

Meishan 1 

Japanese wild pig 1 

Ryukyu wild pig 2 

Luzon native pig I 1 

Luzon native pig II 1 

Luzon warty pig 3 

Palawan earded pig 4 


2 

2 

2 

2 

2 

2 

2 

3 

3 


1 

1 

2 

2 

2 

3 
2 

4 

4 
2 

5 


1 

1 

3 

3 

2 

3 

3 

4 

4 

5 
5 


2 

2 

2 

3 

2 

3 

3 
1 

4 


3 

2 

2 

2 

2 

2 

3 

3 

2 

3 


Identical numbers indicate the same digestion pattern. 
NIAI: National Institute of Animal Industry (Japan). 
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TOPIC 5: Degradation hazard modelling and mapping of a small ruminant production systems in 
WANA 

In dry areas, the agriculturally marginal regions receive an annual rainfall between 200-300 mm and are 
significantly susceptible to land degradation, since both cropping and livestock production are often 
practiced in the same fragile environment. Geographical resource analyses in such an environment 
provide efficient assessment and mapping of land conditions, of hazardous areas for protection and 
conservation, and of potential areas for development. 

Within the framework of a collaborative program with ICARDA (International Center for Agricultural 
Research in the Dry Areas), a series of geographical resource studies was conducted during 1992-95 in 
the Abdal Aziz test zone (40ce07'30"-30'E, 36cel5'-30'N), northeastern Syria, typical of small ruminant 
production systems found widely in the marginal barley/rangeland zones of West Asia and North Africa 
(WANA). In this system, native plants on rangelands grown under the seasonal rains contribute to local 
animals as the main feed resource during winter and spring, whereas barley stubble in the harvested 
fields serve as a feed source during dry summer and autumn. 

A resource map database of the test zone was compiled with the following parameters: 1) elevation, 2) 
slope, 3) direction of slope, 4) vegetation cover, 5) soil type, 6) degradation degree and 7) degradation 
extent (magnitude of terrain affected) within a GIS (Geographic Information System). Neural Network 
modelling (NEUR092) was applied, to estimate degradation variables using the resource map database. 

Accuracy rates obtained by the modelling for the degree and extent of degredation were 86% and 79%, 
respectively. These two variables were mathematically multiplied to obtain "degradation hazard" as an 
evaluation index (see Fig. 1) . The distribution of the high hazard evaluated areas was unique at the site of 
two stony soil types. 

The evaluation was found valid by examination of the actual ground conditions in the northern foothill 
and plain areas, where many erosion gullies were identified. However, in very moderate southern slopes, 
severe degradation could not be identified as was evaluated by the modelling. It was considered that the 
local climate and resource utilization variables (grazing, cropping) should be included in the modelling. 

Fig. 1 Degradation hazard mapping (rank 4 = hazardous areas), a bird's-eye view from southeastern 

corner of test zone (25KB) 
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FORESTRY DIVISION 


M. Oka) 


Mangrove forest area on the Malaysian Peninsula (Photo: 



With the rapid exploitation of arable land because of high food demands, the degradation and devastation 
of natural forest areas are rapidly progressing, particularly in developing areas. This is bringing about 
serious economic and environmental problems not only at the local level but also on a global scale. 
Therefore, the rehabilitation and sustainable management of these forests are urgent issues. 

Establishment of forest production systems and posharvesttechnologies for local communities can be 
viewed as essential means for the reduction of forest devastation. 


The Forestry Division covers a wide range of research in developing countries from production to 
end-use as related to forestry and forest products under the following two research categories: 1) 
silvicultural and forest management technology; and 2) processing technology of forest products. These 
necessitate disciplines such as silviculture, plant ecology and eco-physiology, soil science, entomology, 
mycology, forest mechanization, socio-economics, and wood technology. 

Forest rehabilitation and enrichment of devastated and degraded areas are the first steps in developing 
sustainable management of forest areas. To do so, silviculture, site evaluation and pest control 
technologies have to be developed in consideration of the conditions of the natural environment. 

At present, forest products are a principal trading commodity in 33 developing countries. Sustainable 
production of these products should be achieved in natural forests and plantations. For such purposes, 
studies on species behavior, natural regeneration, enrichment planting, harvesting system, etc. are 
essential. 


Another major reason for forest devastation is the shifting of cultivation by land-less farmers. Hence, 
forest production and planning systems for stimulating the activities of local communities have to be 
developed. Various lesser-known tree species and forestry products may face danger of disappearance 
from the Earth if rapid forest devastation continues. Evaluation studies should be urgently conducted and 
improvement of current wood processing technology should be given priority. 

TOPIC 1: Environmental performances of dipterocarps to environmental stress- special emphasis on 

water relation 
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TOPIC 2: Stimulation of growth of naturally regenerated seedlings in selectively logged-over secondary 

dipterocarp forests 
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TOPIC 1: Environmental performances of dipterocarps to environmental stress- special emphasis 
on water relation 

Many studies have been carried out on the ecology and productivity of tropical tree species. However, 
much of these work has been descriptive and ecological in approach with very few studies on the 
ecophysiological characteristics of the species of interest. This research aimed to take into account such 
factors ... for several tropical tree species of... importance. 

According to the water relation parameters obtained in this study, the capacity for maintaining positive 
turgor appeared to be low in shaded and well-watered nursery seedlings of dipterocarps (Fig, 1) 1 2KB. 

On the other hand, leaves of the exposed trees had fully adapted to stress of water deficiency 
morphologically as well by maintaining positive turgor through osmotic adjustment. 

Assimilation of C0 2 is essential for plant growth. The lower rate of net photosynthesis (Pn) observed in 
dipterocarps compared with fast growing species can explain slower growth of the former. However, 
Hopea odorata had a Pn equivalent to that of fast growing species and had very high water use efficiency 
(WUE). Decrease in Pn with increasing and decreasing temperature was relatively small in H. odorata 
and Shorea platyclados, suggesting that these species have high adaptability for changing temperature. 
From these photosynthetic characteristics, H. odorata and S. platyclados could be recommended as 
possible species for open planting. 

Midday depression of Gw was observed in most of the species measured in this study. Gw started to 
decrease when leaves received full sunlight and/or when vapor pressure difference between leaf and 
ambient air reached above lOhPa. On the other hand , in A. mangium which is well known as a fast 
growing and drought tolerant species, Gw remained relatively constant even under full sunlight and VPD 
above lOhPa. 

Since photosynthetic C0 2 uptake is strongly controlled by stomatal opening, Pn during daytime was 
reduced by the reduction of Gw. However, the reduction of transpiration rate (Tr) was relatively small 
because of increasing VPD, which stimulates evapotranspiration with increasing temperature and 
decreasing air humidity. 

The leaf water potential ("w) was in accordance with the pattern of the transpiration rate (Tr), and was 
low during midday when Tr was high. In tall trees, difference in gravitational potential ("g) also caused a 
owering of w of the upper canopy. In addition, low soil-to-leaf hydraulic conductance (L) in the tall trees 
limited water uptake from soil. Thus, minimum "w was lower in the tall trees than in the small trees, 
resulting in severer water stress, and thus, in lower Gw and lower Pn in the former trees. 

In A. mangium, soil-to-leaf hydraulic conductance (L) was remarkably high. High L enabled this species 
to keep "w less negative for the same transpiration rate when compared to dipterocarps (Fig 2) 1 2KB. In 
this species, keeping water deficit low through high L resulted in maintaining high Gw during daytime 
when the transpiration rate was high. 

From these results, it appears that low growth seen in dipterocarps may likely be caused by stomatal 
closure during daytime, which strongly reduces photosynthetic C0 2 uptake, as well as relatively lowers 
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net photosynthetic rate. In this study, low soil-to-leaf hydraulic conductance in dipterocarps limited water 
availability and thus, caused a lowering of leaf water potential especially in mature tall trees. Nursery 
grown seedlings of dipterocarps were susceptible to water stress because of their low ability for 
maintaining positive turgor. On the other hand, the leaves of the exposed trees had adapted to the stress 
of water deficiency morphologically and maintained positive turgor through osmotic adjustment. 

In conclusion, when planting seedlings of dipterocarps, it is recommended to precondition prior to 
transplanting in order to enhance the capacity of the seedlings to cope with water stress. In addition, 
partial shading after transplanting can help maintain gaseous exchange through stomata, and is also 
advised in order to avoid turgor loss, which may cause mortality of seedlings. 
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TOPIC 2: Stimulation of growth of naturally regenerated seedlings in selectively logged-over 
secondary dipterocarp forests 

The hill forests of Peninsula Malaysia consisted of abundant commercial trees predominated by 
Dipterocarps. Almost all of these forests are under utilization for timber production. When the forests are 
harvested, loggers must follow the government’s logging regulations known as the “Selective 
Management System (SMS)”. Under this system for selective logging, only trees with trunks over 40 to 
60 cm in diameter can be cut and other young trees must be left remaining. 

However, the present logging methods are still not suitable to ensure the survival and growth of young 
trees, saplings and seedlings because logging roads are densely located on hill crests where useful 
seedlings such as Shorea curtisii and other dipterocarps are well-regenerated and heavy machines 
severely disturb the ground surface. In addition, surviving seedlings do not grow well after logging in 
spite of improvement of conditions of light via removal of canopy trees. 

The purposes of this study were to answer two questions: 1) what causes retardation of seedling survival 
and growth after logging? and 2) how can the growth of surviving seedlings be stimulated? We selected 
one ha of a secondary forest 5 years after logging which was rich in S. curtisii. This area enclosed 
approximately 1,100 seedlings of this species (H<1.0m). The seedlings were continuously distributed on 
the hill crests and upper slopes, and the seedlings formed a distinct pattern similar to that seen in natural 
forests except for in locations directly on the logging roads. No seedlings were observed to have had 
survived and regenerated on the logging roads after commercial operations (Fig.). Therefore, dense road 
networks appear to be one of the major causes of seedling disappearance where road areas occupy up to 
10% of forest area. 

Various types of ground floor vegetation grow on the hill forests. A stemless palm is one of these 
dominant undergrowths which covers 28% of the area and is associated with S. curtisii. The palm starts 
growing vigorously after logging because of improvement of light conditions due to the removal of 
canopy trees. The palm is therefore a strong competitor of S. curtisii seedlings and many of the latter die 
back because of shade brought about by growth of the overlaid palm. Removal of the palm seedlings 
would be an effective method for accelerating growth of S. curtisii seedlings and would enable 
convenient and low-cost methods of management in the field (Photos 1 and 2). The rate of canopy 
opening which is a paramenter of light reflection value on the seedlings was greatly improved from 1.7% 
to 4.3%. As sapling growth rate was 4.5% at this point, seedlings would be freed from suppression of 
light deficiency by using these removal methods. 

Fig. Sapling distribution of S. curtisii over 1.0 m in height in a logged-over area and logging road 

network. Comp. 28, Semangkok State Forest Reserve, Selangor, Malaysia 20 KB 

Photo: 1 Stemless palms in a hill Dipterocarp forest. The palm and S. Curtisii occupy the same ecological 

niche. Two big stems of the trees are located in the center of the photo. 35 KB 

Photo:2 The study site for acceleration of growth of S. curtisii seedlings. Stemless palm were removed. 

35 KB 
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FISHERIES DIVISION 


As an initial phase (1994-1998) of international collaborative activity in the field of fisheries, the 
Fisheries Division has initiated five research projects in Asian countries, eg., fisheries resources 
management in Malaysia and Indonesia, aquaculture in Thailand and Vietnam, and fisheries product 
processing in China. 

An international collaborative research project on fisheries resource management “Production and 
sustainable utilization of brackish water mangrove ecosystems”, has been initiated with the Fisheries 
Research Institute (FRI) and the University of Malaya (UM). The project involves the integration of 
studies dealing with the brackish water mangrove and is conducted on multidisciplinary basis including 
fields related to fisheries, forestry, agriculture, and socio-economics One senior researcher has already 
been dispatched by JIRCAS to Penang to oversee the project, as a long-term residing scientist, and three 
short-term scientists specializing in fish larva ecology, crustacean ecology, and marine chemitry have 
participated in this project. In addition to working with the above counterpart organizations, JIRCAS is 
receiving the active cooperation of the Marine Fisheries Resources Development and Management 
Department of the Southeast Asian Fisheries Development Center (SEAFDEC) regarding the fisheries 
aspects of the comprehensive project. Another project involving fisheries resources management, “Study 
on life history of coastal fish in Indonesia”, has also been initiated with the Central Research Institute of 
fisheries (CRIFI), at the Research Institute for Coastal Fisheries (RICF), CRIFI, in Maros, South 
Sulawesi, Indonesia. The project aims to clarify ecology and life history of important costal fishes for the 
establishment of methods of resources management. One researcher has been dispatched to Maros as 
long-term residing scientist. 

Surveying mangrove forests in Malaysia (Photo: K.Fukusho) (21 KB) 

In addition to the Division’s earliest collaborative research project on aquaculture, “Development of 
sustainable aquaculture technology in Southeast Asia” with the Faculty of Fisheries, Kasetsart 
University, in Bangkok, Thailand (introduced in the JIRCAS Annual Report 1994), another project, 
“Evaluation and improvement of agro-forestry-animal husbandry-fisheries (AFAF) combined farming 
systems in the Mekong Delta”, has been initiated with the College of Agriculture, Cantho University in 
Cantho, Vietnam. The project involves the integration of studies dealing with square(?) farming on a 
multidisciplinary basis including fields related to rice production;, animal husbandary, freshwater 
aquaculture, and socio-economics. The fisheries aspects of this integrated project relate to freshwater 
aquaculture as follows: 1) fry production technology of fish and shrimp, 2) disease protection 
methodology for fish and shrimp (?) 3) utilization of new feed resources for freshwater aquaculture. To 
oversee the fisheries aspects of the project, two short-term scientists specializing in crustacean 
endocrinology and fish disease, respectively, have been dispatched to Cantho, Vietnam. 

Concerning fisheries product processing, a collaborative research project, “Study on post harvest and 
processing of freshwater fish in China”, has been initiated with the Faculty of Food Science and 
Technology, Shanghai Fisheries University. One senior researcher has already been dispatched to 
Shangahai, and one short-term scientist specilaizing in post harvest of fish had visited to lend support to 
the project. 
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Intensive aquaculture has been well-developed in recent years and has become one of the most important 
industries in many countries, but self-contamination and fish disease in culture ponds has given rise to 
serious environmental and social problems. Therefore, fish disease protection has been given priority as a 
topic of collaboration under the JIRCAS Visiting Research Fellowship Program at Tsukuba in which one 
scientist has been invited from the Central Research Institute of Fisheries, Indonesia to initiate 
cooperative studies in Tsukuba during a two-year period. He is expected to become a core scientist as a 
representative of one of JIRCAS’s counterpart institutions for the continual development of collaborative 
study. 

TOPIC: Productivity and sustainable utilization of brackish water mangrove ecosystems 
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TOPIC: Productivity and sustainable utilization of brackish water mangrove ecosystems 

Tropical and sub-tropical mangrove forests serve as nursery grounds for fish, crab, sea shell, shrimps and 
other Crustacea. However, urbanization, resort development, expansion of farmland, and construction of 
aquaculture ponds have destroyed the forests and resulted in ecological problems including pollution of 
surrounding waters, advanced soil erosion, and runoff of soil into the sea. The excessive utilization of 
brackish water area based on inadequate information about the production mechanisms of the ecosystems 
has resulted in the destruction of these mangrove ecosystems. It is required, therefore, to evaluate the 
biological productivity and carrying capacity of brackish water mangrove ecosystems with emphasis 
placed on the sustainable utilization of the mangrove forest. In this context, an new collaborative study, 
“Brackish water mangrove ecosystems” has been initiated in Malaysia where there are number of 
scientists interested in these problems, many well-managed research sites, and a large accumulation of 
knowledge. 

The project is integrative and aims to evaluate the biological productivity of brackish water mangrove 
ecosystems in order to identify criteria for sustainable utilization of the areas from three viewpoints: 
aquatic production in mangrove areas, bank functioning and the prevention of soil erosion, and 
involvement and damaging aspects of hurricanes and cyclones. To achieve the fisheries-related 
objectives of this project, analyses of biological productivity, the food chain, energy flow, and carrying 
capacity in the brackish water mangrove ecosystems are necessitated. In addition, evaluating the effects 
of development in brackish water areas from a socio-economic is also considered important. 

Among the various research activites of the project, collaborative studies in fisheries are being conducted 
with the University of Malaya and the Fisheries Research Institute. The Matang Mangrove Forest 
Reserve in Perak State and the Merbok Estuary in Kedah State are serving as research sites. The Matang 
Mangrove Forest is especially important as a location for the analysis of the role of mangrove ecosystems 
on fish production. 

One senior researcher who specializes in larval ecology of finfish and squid, has already been dispatched 
to the FRI, Penang, Malaysia as a long-term residing scientist, and other researchers specializing in larval 
fish ecology, life history of Crustacea and soil runoff have been dispatched short-term in supporting roles. 
Integrated studies like this project which are conducted in collaboration with research organizations 
belonging to several ministries and universities in Japan are still unusual and harbor many bureaucratic 
difficulties. Therefore, the success of this project has the possibility to stimulate the initiation of many 
other integrated studies encompassing a wide range of researchers representing varied fields of sciences 
in the future. 
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OKINAWA SUBTROPICAL STATION 



Main Entrance to the Okinawa Subtropical Station 


The Ok in awa Subtropical Station is located in Japan’s southernmost city, Ishigaki (2100 Km southwest 
from Tokyo). The station is the only national research organization carrying out agricultural research 
under subtropical conditions. 

Research at the Station includes: 1) introduction, acclimatization and cultivation of tropical vegetables; 
2) improvement of tropical crops and development of breeding methods; 3) introduction and cultivation 
of new cultivars of tropical fruits; 4) improvement of methods for rapid generation advance for hybrid 
populations of rice and wheat; 5) viral diseases of tropical insects and plants; 6) utilization of soil 
microorganisms and genetic regulation of nutrition in tropical crops, and 7) international collaboration 
for the improvement of agricultural technology in the tropics. Under 7), researchers from developing 
countries are invited to undertake advanced studies at the International Collaboration Section of the 
Station. In 1995, ten researchers from nine countries participated in the Visiting Research Fellowship 
Program. In this program, emphasis is placed on studies for the optimum utilization of bio-resources for 
conservation of the environment and sustainable agricultural production in the tropics. 

TOPIC 1: Soil losses from pineapple fields and its control 


TOPIC 2: Low input hydroponics 
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TOPIC 1: Soil losses from pineapple fields and its control 

Photo: An example of rill erosion due to pineapple cultivation on lshigaki Island, Okinawa (12 KB) 

For the last three decades, soil loading due to erosion in coastal marine environments has been serious in the Ryukyu Islands with coral reefs 
surrounding these islands being damaged by soil loading. Using LANDSAT TM data, great amounts of red soil accumulated near estuaries 
were detectable. Large-scale pineapple cultivation is one reason for the above soil loss. Pineapple fields receive an annual average rainfall of 
2,100 mm with a slope ranging from 20 to 150 m in length and from 0 to 8 degrees in gradient. Since the growth of pineapple plant is very 
slow, fields are not covered for a long time, such that soil erosion in pineapple fields becomes a serious problem. Rill erosion occurs 
frequently along the road for agricultural practices, like spraying of chemicals and shipping of products (Fig. 1)??. 

In order to alleviate erosion hazards, the effects of organic mulch, cover crops, and nontillage planting were investigated in field plots. 
Ground nut (Arachis pintoi) and weeping lovegrass ( Eragrostis curvula) were selected as cover crops. Each of them was planted on the lower 
edge of a slope. The alleviation of soil losses in the plot with weeping lovegrass was 1/110 of the control plot, for 12 months after the 
planting of pineapple (Table 1). For investigation of the effects of nontillage planting, pigeonpea (Cajanus cajan) was cut down about four 
months after the seedling stage, and then pineapple was planted without plowing. The alleviation of soil losses in the plot of nontillage 
planting was 1/14 of the control plot for 8 months after the planting of pineapple (Table 2). 

In conclusion, we recommend that farmers employ both cover crops and nontillage planting for the protection of soil surface. Organic mulch 
is less suitable because of the scarcity of labor and materials. Counter-measures for the alleviation of soil erosion should be undertaken 
urgently in the Ryukyu Islands. 


Table 1. Effect of cover crops on the alleviation of soil erosion in pineapple fields (1993-94) 


Plots 

Cumulative soil losses (kg nr 2 ) 


4 months 

8 months 

12 months 

Control 

0.00 

1.12 

7.48 

Weeping lovegrass 

0.01 

0.02 

0.07 

Arachis pintoi 

0.00 

0.01 

0.01 

Organic much* 

0.00 

0.00 

0.03 


* Napiergrass was used. 


Table 2. Effect of nontillage planting on the alleviation of soil erosion in pineapple fields (1994-95) 


Plots 

Cumulative soil losses (kg nr 2 ) 


4 months 

8 months 

12 months 

Control 

0.82 

1.01 

1.80 

Weeping lovegrass 

0.02 

0.07 

0.61 

Arachis pintoi 

0.30 

0.72 

1.84 

Organic mulch* 

0.00 

0.00 

0.04 


* Napiergrass was used. 
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TOPIC 2: Low input hydroponics 

TOPIC 2: Low input hydroponics 


Low input hydroponics system at the Subtropical Station 

Areas under problem soils such as salinized, acid sulphatized, and sandy soil, are continually increasing 
world-wide. Hydroponics may be a suitable alternative for crop production in such regions. However, 
common hydroponics systems in our country are electron energy intensive, and operation of them is 
complicated and requiring chemical analysis of nutrition. 

The JIRCAS Okinawa Subtropical Station is currently developing and testing hydroponic systems which 
do not require the consumption of electricity. This new hydroponics system is simple and easy to operate. 
The nutrient tank is positioned higher than cultural bed, such that nutrient solution flow to the bed occurs 
automatically via the action of gravity. Necessary amounts of nutrient solution in the canal under the bed 
are reserved by a floating bulb system. Supply of nutrient to upper side is achieved through capillary 
action by using a liquid absorbent sheet, root barrier sheet and polyvinyl alcohol material chips. In this 
system crops can absorb enough nutrient based on natural ability and there is no operation necessary to 
maintain complicated nutrient conditions. The operator only needs to prepare new nutrient solutions 
when the tank level decreases. 

Melon, tomato, Chinese cabbage, sweet potato and radish were cultured using this system at the JIRCAS 
Okinawa Subtropical Station. All crops grew normally. Melons required 90 days from seedling until 
harvest. Each melon plant totally absorbed 60 little nutrient solution. The yield was comparable with that 
obtained in usual ground culture. 
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MISCELLANEOUS PROJECTS OUTLINE 


In addition to international collaborative projects, JIRCAS conducts a variety of miscellaneous projects: 
domestic projects, in cooperation with other MAFF institutes; commissioned research, principally in 
cooperation with universities; cross-ministry/agency projects currently with the Science and Technology 
Agency and the Environment Agency; and special allotment projects. 


DOMESTIC PROJECTS 

Collaborative operations pertaining to the Agriculture, Forestry and Fisheries Gene 

Bank(Biological Resources Division and Okinawa Subtropical Station, 1989-ongoing) 

Development of new genetic types of paddy crops for the enlargement of consumer demand 

(Okinawa Subtropical Station and Biological Resources Division, 1989-1995) 

Comprehensive research on ordering mechanisms of agriculture, forestry and fisheries ecosystems 
and elucidation of optimal means of governace 

(Animal Production and Grassland Division, 1995-1998) 

Comprehensive research on the breeding of transgenic plants 

(Biological Resources Division and Okinawa Subtropical Station, 1989-1995) 

Development of methodology to forecast changes in the structure of the production and 
consumption of agricultural products in context of internationalization 

(Research Information Division, 1995-1997) 

The elucidation of endophyte functions to develop new forms and qualities 

(Animal Production and Grassland Divition, 1996-1998) 

Comprehensive research pertaining to trade and industry and fisheries,resources,and the 
environment 

(Crop Production and Postharvest Technology Division, 1996-2000) 

New usages for wheat crops: The development of high-quality field crops and their utilization 
technology 

(Okinawa Subtropical Station, 1996-2005) 


COMMISSIONED RESEACH 

Useful plant species and evaluation of their functioning and potential usages 

(Okinawa Subtropical Station in cooperation with Tokyo University of Agriculture, 1992-1995) 

Distribution and ecology of Vigna species in tropical regions of Asia 
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(Biological Resources Division in cooperation with the University of the Ryukyus, 1994-1996) 

Desertiffication on cool,dry areas and accompanying changes in systems of agricultural dynamics 

(Environmental Resources Division in cooperation with Nihon University, 1995-1977) 

Evaluation of salinity tolerance in wild species of rice and elucidation of tolerance mechanisms 

(Okinawa Subtropical Station in cooperation with the University of the Ryukyus, 1996-1999) 


Click here continue to Research projects with other government agencies and ministries 
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RESEARCHPROJECTS WITH other GOVERNMENT AGENCIES AND 

MINISTRIES 

In cooperation with the science and Technology Agency 


Oceanographic investigations: Fluctuations in tropical mangrove forests and evaluation of possible 
influences (Forestry Division, 1990-1997) 

Global research network: set-up of data-base for changes in desertiffication 

(Environmental Resources Division, 1994-1996) 


Evaluation of environmental adaptation of tropical fruit tree based on photosynthetic and 
photochemical activity (Okinawa Subtropical Station, 1995) 


Research on slope stability via groundwater monitoring and the development of methods for 
quantitative analysis 

(Crop Production and Postharvest Technology Division, 1995) 


Studies on molecular lineage in tropical species of Asian phytoplasmas 

(Biological Resources Division, 1995) 


In cooperation with the Environmental Agncy 


Ecology and environments of tropical mangrove forests: structural analysis 

(Forestry Division. 1990-1994) 


Tropical tree species and facets of environmental adaptation 

(Forestry Division, 1990-1994) 


Generation of alluvial efflux, elucidation of mechanisms of occurrence,and development of 
prevention on the Nansei Islands of Okinawa 

(Okinawa Subtropical Station,1991-1995) 
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RESEARCHPROJECTS WITH OTHER GOVERNMENT AGENCIES AND MINISTRIES 

Construction of an analytical model for climactic warming in the Asia-Pacific region (Research 
Information Divsion, 1991-1996) 


Research for the development of technology to inhibit the production and emission of methane and 
nitrous oxide from agricultural fields 
(Environmental Resources Division, 1995-1997) 


MAFF SPECAL RESEARCH ALLOTMENTS 


Stabilization of rice culture under water stress in the tropics utilizing a broader spectrum of 
genetic resources 

(JIRCAS in cooperation with the International Rice Research Institute (IRRI), 1994-1999) 


Sustainable cultivation of upland crops in the semi-arid tropics 

(JIRCAS in cooperation with International Crops Research Insitute for the Semi-Arid Tropics 
(ICRISAT),1994-1999) 
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As part of JIRCAS's role as an international research center, we are implementing several systems for the 
invitation of foreign researchers and counterpart administrators. These programs serve to facilitate the 
exchange of information and opinion concerning agriculture, forestry and fisheries administration and to 
strengthen international research ties with those in other countries. Below is a description of our current 
programs. 


Administrative Invitation 

Under this program, administrators in JIRCAS's counterpart organization are invited to the premises for 
purposes of holding discussion and conducting review of on-going research projects in order to ensure 
smooth running of collaborative projects. 

Administrators are additionally introduced to related MAFF research organs. Finally, the program 
provides the opportunity for the exchange of information and opinion on the administrative level 
concerning policy-making, project design, etc., thereby contributing to a deeper mutual in the realm of 
international cooperation. Thirty-eight persons visited JIRCAS in FY 1995, including 12 international 
symposium invitees. Invited administrators are summarized below: 


Counterpart Researcher Invitation 

This program provides for the invitation of a period for up to 6 months of a counterpart researcher 
engaged in collaborative work with a member of the JIRCAS research staff. The counterpart carries out 
in-depth research at JIRCAS or other MAFF research institute, or at a national university. The purpose of 
the program is to strengthen research activity being carried out abroad and to provide opportunity for 
exchange on the researcher to researcher level. Fifteen researchers were invited in FY 1995. Invited 
researchers and their activities are summarized below: 
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JIRCAS Visiting Research Fellowship Program at Okinawa 



This program was initiated in FY 1992 before TARC was reorganized into JIRCAS. Post-doctoral level scientists are invited to conduct research or a period of one year at the Okinawa 
Subtropical Station. Research focuses on topics of importance relating to tropical agriculture in respective developing countries. Research themes are divided into several major 
categoies: 1) Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics;2) Studies on mechanisms of 
heat-tolerance of tropical and subtropical crops;3) Identification and evaluation of salt-tolerant crops; and 4) Evaluation and development of long-term conservation techniques of 
genetic resources of vegetatively propagated crops in the tropics and subtropics. Ten fellows are generally chosen every year and begin their term on October 1 ending September 30 of 
the following year. Recent activity is summarized below. More information on the Okinawa Fellowship Program can be obtained by contacting the [International Relation Section, 
Japan International Research Center for Agricultural Sciences, l-2,Ohawasi,Tsukuba,Ibaraki, 305, Japan.(Tel:81-298-38-6335 /Fax:81-2987-38-6337 Telex:3652456 JIRCAS J)] 


from October 1994 to September 1995 

Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics 

Bayani-Espiritu 

University of the Phililppines 

Enumeration of population, characterization, estimation of activity, and detection of 
methane-oxidizing bacteria in paddy soils 

Lukman Gunart 

Central Research Institute for Food Crops Indonesia 

Study on Azospirillum inoculation and inoculation to application of rice straw and 
methane emission under lowland conditions in subtropical paddy soil 

Mbangu Olive Musoko 

International Institute of Tropical Agriculture (IITA) 
Camaroon 

Effectiveness of different populations of indigenous VAM fungi from acid and alkaline 
soil 

Nampiah Sukano 

Bogor Agricultural University Indonesia 

Development and symbiotic function of indigenous VA mycorrhizal fungi in acid soil 

Studies on the mechanism of heat-tolerance of tropical and subtropical crops 

Ancha Srinivasan 

JIRCAS India 

Mechanisms of heat tolerance during reproductive growth of chickpea and pigeonpea 

Hassan Mohamed Rashad 

Cairo University 

Physiological studies on the mechanism of tolerance in some cabbage varieties 

Identification and evaluation of salt tolerance crops 


Abdul Baset 

Bangladesh Rice Research Institute(BRRI) 

In vitro culture and screening some wild and cultivated rices for salt tolerance 
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Ningsheng Xu 

Yunnan Academy Agricultural Sciences China 

The physiological responses of some rice varieties form yunnan to salt stress 

Evaluation and development of long-term conservation techniques of genetic resources of vegetatively propagated crops in the tropics and subtropics 

Nguyen Tien Thinh 

Nucleat Research Institute Vietnam 

Study on cryopreservation of tuber crop plants (taro and sweet potato) 

Tie Gang Lu 

Institute of Botany Academia Sinica China 

Long term conservation and evaluation of yams 

from October 1995 to September 1996 

Development of techniques for environmental control by using plants and microorganisms specific to the tropics and subtropics 

Lukman Gunart 

Central Research Institute for Food Crops Indonesia 

Mutagenesis of Azospirillum on exopolysaccharide production and IAA excretion and 
its effect on the growth of lowland rice 

Dianou Deyeri 

Institute d'Etudes et de Research Agricoles Burkina Faso 

Isolation and characterization of methanotrophic and methanogenic bacterias from a 
subtropical paddy field 

Studies on the mechanism of heat-tolerance of tropical and subtropical crops 

Lin Baiqing 

Institute of Vegetables & Flowers China 

The roles of hydrozyprolince-rich glycoproteins (HRGPs, extensin)in susceptible and 
resistant genotypes of Brassica pekinesis Rupr. response to heat treatments 

Harvinder Singh Talwar 

ICRISAT India 

Studies on plysiological basis of heat tolerance in groundnut ( Arachis hypogaea L) 

Padmanaban Annamalai 

University of Madras India 

Development of OCR based marker for heat tolerance and cloning of its related genes 
in Brassica oleracea var. capitata L. 

Identification and evaluation of salt tolerance crops 


Lin Hongxuan 

China National Rice Research Institute China 

Genetic characterization of salinity tolerance in rice and its wild relatives, and 
introduction of salinity tolerance into rice germplasm mainly through biotechnological 
procedures 

Armenia Mendoza 

University of the Philippines The Philippines 

Physiological and biochemical mechanisms of genotype variability in response to salt 
stress in rice callus and somatic hybrids 

Somesong Chotechouen 

Chinat Field Crops Research Center Thailand 

Physiological responses of rice seedlings after solinization, and in vitro selection of 
EMS-treated cell suspension cultures of rice of salt tolerance 

Evaluation and development of long-term conservation techniques of genetic resources of vegetatively propagated crops in the tropics and subtropics 

Nguyen Tien Thinh 

Nuclear Research Institute Vietnam 

Development of techniques for in vitro conservation of tropical root crops 

Pius Michael Kyesmu 

University of Jos Nigeria 

Cryopreservation of the west African tuber crop“Rizga "{Plectranthus esculentus N. 
E.Br.) 
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JIRCAS Visiting Research Fellowship Program at Tsukuba 



Selection of experimental prawns for research on crustacean pathology and endocrinology at the Fisheries Division 


A program similar to the Okinawa Visiting Research Fellowship Program has recently been implemented on the Tsukuba premises from October,1995 (see Highlights 1995). The 
fellowship aims at the promotion of collaborative research to address various problems confronting countries in the developing regions. The program allows for the invitation of a total 
of 6 researchers pre year. Four persons are engaged in 2-year projects at JIRCAS and 2 scientists carry out short-term(5month) projects at the National Institute of Agrobiological 
Resources (NIAR). More information on the Tsukuba Fellowship Program can be obtained by contacting the [International Relation Section, Japan International Research Center for 
Agricultural Sciences,l-2,Owashi, Tsukuba, Ibaraki, 305, Japan. (Tel: 81-298-6335 / Fax: 81-298-38-6337 /Telex: 3652456 JIRCAS J)] 


Long-term at JIRCAS from October 1995 to September 1997 

Methods for optimum utilization of biological resources 

Lin Qiang 

Guangxi Agricultural University, China 

Analysis of plant responses to environmental stresses and gene expression 

Zhu Weiming 

Jiangsu Academy of Agricultural Sciences, Institute of Genetics, 
China 

Development of a DNA based assay for indexing plant diseases 

Muharijadi Atomomarsono 

Research Institute of Coastal Fisheries, Inodonesia 

Development of methods for the diagnosis and prevention of diseases affecting 
aquatic animals for fresh water and marine aquaculture 

Chang Qing 

Xinjiang Institute of Biology, Pedology, and Desert Research, 
China 

Investigations of the process of rockweathering through the analysis of rock 
surfaces by electron spectroscopy 

Short-term at NIAR from October 1995 to March 1996 

Production of new biological resources through the application of biotechnological procedures 

Pallavolu Maheswaran Reddy 

Soil Microbiology-ISWD International Rice Research Institute The Philippins 

Ahmed Abou-Salha 

Agricultural Genetic-Engineering Research Institute Egypt 


Other fellowships for visiting scientists 

The Government of Japan sponsors a postdoctoral fellowship program for both Japanese and foreign scientists through the Science and Technology (STA). The program places 
post-doctoral fellows in national research institutes throughout Japan according to research theme and prior arrangement with a host scientist for a term of generally 1-3 years. 
Fellowships can be undertaken in any of the ministries and many fellows are currently working at the ministries and many fellows are currently working at the various institutes of 
MAFF. At JIRCAS, there are no Japanese fellows at present, but the following four visiting scientists are presently residing at JIRCAS: Dr. O.A.Welker (Germany), Biological 
Resources Division; Dr. B.A. Yakubov (Republic of Uzbekistan), Biological Resources Division; Dr.Chien Hsiaoping (People's Republic of China), Research Information Division; 
and Dr.Mingyuan Du (People's Republic of China), Environmental Resources Division. 
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SIMPOSIA AND WORKSHOPS 

1) INTERNATIONAL SYMPOSIA 


Since 1967, TARC has sponsorsored an international symposium every year for purpose of promoting 
scientific exchange and accurately gauging and responding to the agriculture, forestry and fisheries needs 
of the world's developing areas. A theme of central importance is chosen and around ten researchers and 
administrators from concerned research institutes and international agencies are invited as speakers. The 
symposia are of ordinarily held in joint sponsor ship with a relevant scientiffic society. 

JIRCAS will continue to sponsor these symposia and held its first symposium in FY 1994 since its 
establishment from TARC into JIRCAS. The programs from FY 1995 is shown below: 


INNOVATIVE WEED MANAGEMENT STRATEGY FOR 
SUSTAINABLE AGRICULTURE 

(Held July 24-28 in Tsukuba, Japan in conjunction with the Asian-Pacific Weed Science Society, the 
Weed Science of Japan Association for Advancement of Phyto-Regulators) 


Session I: Present Status of Weed Problems in Sustainable Agriculture 
Opening Address 

Inaugural address by Keiji Kainuma, Director General, Japan International Research Center for 
Agricultural Sciences (JIRCAS)(Japan) 

Welcome address by Torn Sato, Director General, Secretariat of the Agriculture, Forestry and Fisheries 
Research Council (Japan) 

Welcome Address 

Eitaro Miwa, Deputy Director General, Secretariat of Agriculture, Forestry and Fisheries Research 
Council (Japan) 

Technical Reports 

Noxious weeds in Asian tropics and their control. U. Suwunnamek, Department of Agronomy,Kasetsart 
University (Thailand) 

The succession of noxious weeds in tropical Asian rice fields with emphasis on Malaysian rice 
ecosystems. M. Azmi and B. Baki, MARDI Rice Research Center (Malaysia) 

Weedy rice problems in Southeast Asia and control strategy. H. Watanabe, JIRCAS (Japan) 
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Implementation of integrated weed management for sustainable rice Production. P. Vongsaoj,Botany and 
Weed Science Division, Department of Agriculture (Tailand) 

Sustainability in rice weed management. Keith Moody, International rice Research Institute (IRRI)(The 
Philippines) 

The contribution of no-tillage crop production to sustainable agriculture. A. D Worsham and G.G. 
Ngabhushana, Department of Crop Science, North Carolina State University (USA) 

Weed management in rubber plantations with special reference to miminum tillage cultivation. 
S.Tjitrosemito, SEAMEO BIOTROP(Indonesia) 


Closing Address 

Jiro Harada, Vice President, Asian-Pacific Weed Science Society (APWSS) 


Session II: Innovative Trends of Herbicide Use for sustainable Agriculture 
Opening Address 

H, Hamaguchi, Elf ATO Chem. (Japan) 


Technical Reports 

Current status of rice herbicide use in the tropics. N. K. MUDA Agricultural Development Authority 
(Malaysia) 

Long term concepts of herbicide use in paddy fields in Korea. J. O. Guh, College of Agriculture, 
Chonnam Notional University (Korea) 

Technical innovation in herbicide use. M. Kamoi and K. Noritake, Research Institute of the Japan 
Association for the Advancement of Phyto-regulators (Japan) 

Effectiveness and behaviors of soil-applied herbicides. Y. W. Kwon, Department of Agronomy, Seoul 
National University (Korea) 

Allelopathic compounds as naturally occuring herbicides. C. H. Chou, Institute of Botany, Academia 
Sinica (Taiwan) 

Herbicide safeners: Recent advances and biochemical aspects of their mode of action. K. Kreuz, S. 
Farago, S. Murakami and H. C. Steinruecken, Ciba Crop Orodtection, R&D Weed Control (Switzerland 
and Japan) 

Current status of herbicide-resistant weeds and their management strategies. J. C. Cotterman, Dupont 
Agricultural Products (USA) 
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Current and future herbicide risk assessment in Europe and United States. W. L. Chen, Global regulatory, 
Toxicology and Environmental Chemistry, DowElanco (USA). 

Click here to continue ISymposia And Workshops (2) Special Programs] 
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2) SPECEAL PROGRAMS 



Group photo of participants in the "methance" international workshop 


INTERNATIONAL WORKSHOP ON PADDY FIELDS: SUSTAINABLE 
AGURICULTURE AND CONTROL OF GREENHOUSE GAS 
EMISSIONS 

This international workshop was sponsored by the Office of Environment Policy Coordination 
(OEPC), JIRCAS, MAFF and the Mitsubishi Research Institute, Inc. and -was held at the Tsukuba 
Science City on March 7-8, 1996. The workshop reviewed the current status and future prospects for the 
role of rice cultivation in the promotion of sustainable agriculture and conservation of agro-ecosystems, 
and examined the current situation regarding the control of greenhouse gas emission from rice fields. The 
subject matter relating to greenhouse gas emission was highly evaluated by related researchers. 

The main objective of the workshop was to discuss how rice paddy fields serve in the promotion of 
sustainable agriculture and how measures can be undertaken for the mitigation of methane and nitrous 
oxide emissions from rice paddy fields. The workshop consisted of five introductory repots and 
overviews, eight country reports and twelve case study, reports. At the opening of the OEPC and Dr. 
K.Kainuma, Director General of JIRCAS, gave welcoming addresses. 


Introductory and overview reports 

The role of rice paddy fields in the promotion of sustainable agriculture and conservation of 
agro-ecosystems. K. Minami, JIRCAS (Japan) 

Sustainable agriculture and the conservation of agro-ecosystems in Korea. W.G. Bae,Sustainable 
Agriculture Division, Ministry of Agriculture, Forestry and Fisheries (Korea) 

Nitrous oxide emission from rice fields. J. R. Freney, CSIRO Division of Plant Industry (Australia) 

A regional analysis of human alteration of nitrogen cycling: The role of agriculture. R. Howarth, Ecology 
and Systematics, Cornell University (USA) 

Agricultural impact on soil consumption of atmospheric methane. A. R. Mosier, United States 
Department of Agriculture (USDA/ARS) (USA) 
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Country reports 

An option for reducing methane emission from rice fields in China. Z.Cai, Institute of Soil Science, 
Chinese Academy of Sciences (China) 

Methane emission from rice fields in India. N. Sethunathan, Central Rice Research Institute, (India) 

Classification of Philippines rice soils according to methane production potential. R. Wassmann, 
International Rice Research Institute(IRRI)(The Philippines) 

Preliminary inventory of methane from flooded paddy field in Malaysia. M.Y. Yusoff, University 
Pertanian Malaysia (UPM-SERDANG)(Malaysia) 

Research on methane emission from rice fields in Thailand. P. Chairoj, Department of Agriculture 
(Thailand) 

Relationships between ambient methane concentration and flux from rice fields as affected by 
microclimate conditions. Y. A. Husin, Department of Forest Resources Conservation, Bogor Agricultural 
University (Indonesia) 

Measurement of methane emission and mitigation options in Korean rice fields. Y. S. Lee, National 
Agricultural Science and Technology Institute (Korea) 

Possible over estimation occurring in extrapolating methane emission rates from rice paddy fields. K. 
Yagi, National Institute of Agro-Environmental Sciences (Japan) 


The twelve case study reports presented in the second session were concerned with methane and nitrous 
oxide emission and sink in rice paddy fields. In addition, a data book for sustainable agriculture in paddy 
fields was distributed to the participants with the following contents: environmental externalities of 
paddy field framing, sustainable agriculture and conservation of the agro-environment in Japan, and 
climate change and paddy field farming. 

Click here continue to JIRCAS International Seminar: 
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JIRCAS INTERNATIONAL SEMINAR: RESEARCH CAPACITY OF 
NEWLYSTRUCTURED ICIPE AND RELATED RESEARCH 
INVESTIGATIONS 


In order to resolve many of the serious problems concerning food, supply, hunger and poverty alleviation 
that face north African countries, it is urgent to develop a means for elimination of the desert locust 
which causes severe damage to agricultural produce. Dr. Hans Herren, Director General of the 
International Centre of Insect Physiology and Ecology (ICIPE), other ICIPE staff, and related domestic 
researcheers were invited JIRCAS to give lectures in a special international seminar on March 13, 1996. 


• Greetings, K. Kainuma, JIRCAS Director General (Japan) 

• The new ICIPE and its place in research and capacity: Building for sustainable development. Hans R. 
Herren, ICIPE Director General (Kenya) 

• Roles of kairomones in host location behaviour of parasitic wasps. S. Takahashi, Kyoto University 
(Japan) 

• Some aspects of the arthropod chemical ecology research at ICIPE. A . Hassanali, ICIPE Deputy 
Director General (Kenya) 

• Role of pubescence in resistance of cassava to the cassava green mite, Mononychellus tanajoa. H. 
Kanno,Tohoku NAES (Japan) 

• Testis development and imaginal diapause in lepidopteran insects. S. Hiroyoshi, Okinawa Prefectural 
Agricultural Experimental Station (Japan) 

• Hormonal control of development and behavior in the desert locust associated with phase variation. S. 
Yagi, JIRCAS (Japan) 


SEMINAR ON SUSTAINABLE UTILIZATION OF COASTAL 
ECOSYSEMS FOR AGRICULTURE, FORESTRY AND FISHERIES IN 
DEVELOPING REGIONS 


Population increase and growth of the economy accelerate the development of coastal areas in tropical 
and sub-tropical areas; mangrove forests found along the sea coast can be particularly vulnerable. 
Urbaniztion, resort development, expansion of farmland, and aquaculture operations have in recent years 
contributed considerable to ht edestruction of mangroves, and have resulted in serious worldwide 
problems involving increased water pollution, soil erosion, soil run-off, and red tide occurrence. Thus, 
the excessive utilization of brackish water areas, based on inadequate information concerning 
mechanisms of renewal within these ecosystems, has brought about their destruction. JIRCAS's 
comprehensive research project,* Productivity and sustainable utilization of tropical and subtropical 
brackish water mangrove ecosystems *aims to clarify mechanisms of biological productivity in brackish 
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water ecosystems, with emphasis placed on sustainable utilization of these areas. 

In order to review knowledge accumulated thus far on mangrove ecosystems, discuss the status of 
methodology for monitoring the ecosystems, and formulate overall project direction, this joint seminar 
was held in Malaysia with counterpart research organs, the University of Malaya (UM), the Fisheries 
Research Institute (FRI), and the Forestry Research of Malaysia (FRIM). The main seminar was held on 
December 12, 1995 at the Hotel Equatorial International in Kuala Lumpur, with a satellite symposium 
being held at the FRI in Penang. The program of speakers is shown below. 


Main seminar 

Meiofauna and macrobenthos 

• Evaluation of the relationship between decomposed logging residues and biomass in logged-over 
mangroves at Matang, Peninsulare Malaysia. Shamusudin Ibarahim, FRI (Malaysia) 

• Macrobenthos in mangrov shores. A. Sasekumar, UM (Malaysia). 


Prawns and fish 

• The prawn-mangrove connection - facet or fallacy? Chong Ving-Ching, UM (Malaysia) 

• Differences in the structure of fish assemblages in Matang and Merbok mangroves in the west coast of 
Peninsular Malaysia and their ecological significance. Ahamd Husin bin Alias, FRI (Malaysia) 


Runoff of soil into brackish waters 

• Soil losses from pineapple fields in Ishigaki Island. K. Sugahara, JIRCAS (Japan) 

• Effects of soil discharge on coastal marine environment. K. Tanaka, JIRCAS (Japan) 

Food-chain,aquaculture and socio-economic aspects in mangrove areas 

• Analytical method for the food-chain inaquatic ecosystems. S.Hayase,JIRCAS (Japan) 

• Development of aquaculture in mangrove habitats. Choo Poh Sze, FRI (Malaysia) 

• Some socio-economic aspects of local communities near mangrove forest areas, Lim Hin Fui, FRIM 
(Malyasia) 

Satellite Symposium 

• Opening address by Ibrahim bin Saleh, FRI (Malyasia) 

• Current situation of Malaysia fisheries and research works. Chee Phail Ean, FRI (Malyasia) 

Current situation of Japanese fisheries and research works, S. Kawahara, JIRCAS (Japan) 

Current situation of Japanese mariculture and research works. K. Fukusho, JIRCAS (Japan) 

• Closing address by K. Fukusho, JIRCAS (Japan) 
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Click here continue to [Symposia and workshops (3) JIRCAS Workshop Series:1 
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3) JIRCAS WORKSHOP SERIES: FACETS OF INTERNATIONAL AGRICULTURAL 
RESEARCH 


In addition to the annual international symposia, JIRCAS additionally sponsors research workshops focusing on specific themes 
several times per year. Workshops are hosted by the relevant JIRCAS research divisions and are attended by JIRCAS staff, 
speakers invited from various government research institutes, private companies and universities. The following have been held 
at JIRCAS in the period covered by this a nn ual report. 


1) Jan. 26,1996 

Current problems relating to livestock disease in Africa and prospects for future research 
collaboration 

(Animal Production and Grasslands Division) 

2) Feb. 23,1996 

Development in Asian villages: Current problems and concerns 

(Research Information Division) 

3) Mar. 22.1996 

Development of sustainable agriculture in Northeast Thailand: Current topics 

(Biological Resources Division) 


Click here continue to [Symposia And Workshops (4) International Research Seminarsl 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1995/information/sym-4.html [10/7/2002 9:43:49 PM] 







4) INTERNATIONAL RESEARCH SEMINARS 

4) INTERNATIONAL RESEARCH SEMINARS 

International research seminars are held throughout the year informally, with I to 3 Japanese or foreign guests, or JIRCAS 
staff giving a presentation on some topic of interest to international agricultural research . Six seminars were held in FY 
1995 as follows: 


May. 8, 1995 

Genetic resources in the Vigna genus 

N Egawa, JIRCAS (Japan) 

N. Tomooka, NAIR( Japan) 

Y. Takaishi, The University oftheRyukyus (Japan) 

Sep. 14, 1995 

Applications of genetic engineering and molecular markers in potato breeding 

K. Watanabe, CIP (Peru) 

Nov. 8, 1995 

Research activity at WARDA (West Africa Rice Development Association) 

R. Ishii, The University of Tokyo (Japan) 

Nov. 13, 1995 

Applications of systems dynamics in agricultural research 

M Tsuiki, National Agriculture Research Center (NARC)(Japan) 

T. Monma, Tohoku National Agricultural Experiment Station (Japan) 

Nov. 15, 1995 

Pest control in cotton fields in China 

Y. Guo, Institute of Plant Protection (People's Republic of China) 

Nov. 30, 1995 

Overview of world food demand 

A. Womack, International Food Policy Research Institute (USA) 

G. Shuler, International Food Policy Research Institute (USA) 


5)ANNYAL MEETING FOR REVIEW AND PROMOTION OF RESEARCH 

The 1995 Annual Meeting for Review and Promotion of Research for International Collaboration is held usually in 
February on JIRCAS premises, approaching the end of the fiscal year. The purpose of the meeting is to review and evaluate 
the year's activities in detail in preparation for the subsequent fiscal year period. All of JIRCAS’s operations are outlined, 
and research achievements deemed of particular importance are highlighted (see Research Overview; Research Division). 
The meeting is held in the attendance of JIRCAS directors and invited representatives form the Agriculture, Forestry and 
Fisheries Research Council (AFFRC), the Forestry Agency, the Fisheries Agency, and various MAFF institutes. In this 
year's Meeting, emphasis was placed on environmental studies and the importance of furthering research activity aimed at 
the development of sustainable agriculture. In particular, discussion focused on how to further promote collaborative 
activities with the People's Republic of China as part of JIRCAS's overall research strategy until the year 2003. 


6) JIRCAS RETURN SEMINARS 

At JIRCAS, researchers returning abroad from overseas dispatches or research projects give an oral presentation 
accompanied by the preparation of a written summary of activities and report of research results to JIRCAS staff. These 
sessions termed “JIRCAS Return Seminars” and are given during the interim or upon the completion of research projects 
and dispatches. Such seminars are ordinarily held twice per month: in one year, approximately 50 scientists give 
presentations. 
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OFFICIAL JIRCAS PUBLICATIONS 


In English 


1) JIRCAS Journal for Scientific Papers 


2)JARQ (Japan Agricultural Research Quarterly) 


Vol.29 No.2, 
No,3 No,4 
Vol.30No.l 


3) Annual Report 


4) JIRCAS Newsletter 


No. 4, No.5, 
N 0.6 


5) JIRCAS Working Report 


No.l IFPSIM: 

International 

Food and 

Agricultural 

Policy 

Simulation 

Model(Use's 

Guide) 

No.2 Mungbean 

Germplasm: 

Collection, 

Evaluation and 

Utilization for 

Breeding 

Program 



In Japanese 


1)JIRCAS News 


No.4(Vol.3 
No.l), No.5, 
N 0.6 
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2)JIRCAS Workshop Papers 

No.4 

Aquaculture: 
The status 
and outlook 
of 

international 

cooperative 

research 

3)JIRCAS Research Documents 

Report on 
the situation 
of animal 
husbandry, 
agriculture, 
and research 
activities in 
Mongolia 
and Inner 
Mongolia of 
the People's 
Republic of 
China 

4)JIRCAS Research Highlights 

No.2 


LIBRARY HOLDINGS (April 1, 1995 - March 31,1996) 



Books 

Periodicals 

(titles) 

Materials (Proceedings, maps and other) 

Language 

Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Purchase 

Gift 

Total 

Japanese 

45 

45 

90 

87 

507 

594 

10 

552 

562 


(2) 

(5) 

(7) 

(29) 

(77) 

(106) 




Foreign 

266 

72 

338 

168 

297 

465 

10 

510 

520 


(4) 

(3) 

(7) 

(30) 

(40) 

(70) 




Total 

311 

117 

428 

255 

804 

1059 

20 

1062 

1082 


(6) 

(8) 

(14) 

(59) 

(117) 

(176) 
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( indicates separate holdings of the Okinawa Subtropical Station 
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Journal articles, book chapters, and monographs 

Arai, S., Hatta, T., Hayamizu, K., Kigoshi, K. and Ito, O. (1996). Characterization of the 
organic components of an Alfisol and a Vertisol in adjacent locations in Indian semi-arid 
tropics using optical spectroscopy, 13 C NMR spectroscopy, and 14 C dating. Geoderma, 
69(1): 59-70. 

Cai Zucong, Xu Hua, Yan Xiaoyuan, Tsuruta, H., Yagi, K. and Minami, K. (1995). Effect of 
nitrogen form on CH 4 emission from rice paddy fields. Acta Pedologica Sinica, 32: 

136-143. 

Cai Zucong, Yan Xiaoyuan, Tsuruta, H., Yagi, K. and Minami, K. (1995). Special variation 
of methane emission from rice paddy fields in hilly areas. Acta Pedologica Sinica, 32: 
151-159. 

Du, M., Yoshino, M., Fujita, Y., Arizono, S., Maki, T. and Lei, J. (1996). Climate change 
and agricultural activities in the Taklimakan Desert, China in recent years. Journal of Arid 
Land Studies, 5(2): 173-183. 

Fischer, A. and Okada, K. (1996). The characteristics of upland rice adapted to acid soil in 
South American Savanna. Japanese Journal of Crop Science, 65(1): 34-35. (J) 

Fujisaki, K. (1995). Chicken leucocytozoonosis. In: Veterinary infections diseases, 4th 
edition. Eds, Shimizu, Y. et al., Kindai Shuppan pp. 309-310. (J) 

Fujisaki, K. (1995). Parasitic arthropods. In: Clinical parasite atlas of domestic animals. 
Chikusan Syuppan, pp. 100-152. (J) 

Fujisaki, K. (1995). Ticks, encepholitozoon. In: New veterinary clinical parasitology - pet 
animals. Buneido, pp. 152-153, 181-182. (J) 

Fujisaki, K. (1995). Chewing lice, biting lice, ticks, northern fowl mites and red mites. In: 
New veterinary clinical parrasitology - domestic animals. Buneido, pp. 197-209, 425-432. 

(J) 

Fujisaki, K. (1995). Ectoparasitosis. In: Color manual of chicken diseases. Japanese Society 
of Avian Diseases, pp. 106-113. (J) 

Fujita, H. (1996). Collaborative research in resources management with the International 
Center for Agricultural Research in the Dry Areas (ICARDA) - What’s left behind. 
International Agriculture and Cooperation Newsletter, 18(4): 29-37. (J) 

Fukuhara, T., Jun-Yong Pak, Ohwaki, Y., Tsujimura H. and Nitta, T. (1995). Tissue-specific 
expression of the gene for a dutative plasma membrane H + -ATPase in a seagrass. Plant 
Physiology, 110(1): 35-42 
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expression by plant hormones. Chemical Regulation of Plants, 30(2): 159-166. (J) 
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Yasunobu, K., Wong Foong Yee and Chia Yoke Sun. (1995). Comparison between Chinese 
and Malay Farmers in the Muda Area. UPM/JIRCAS Joint Research Report, No.5, UPM 
(Universiti Pertanian Malaysia), pp. 1-33. 
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Bemawie, N., Tobita, S. and Senboku, T. (1995). Synthesis of salt stress-related proteins in 
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Fukui, Japan, p. 86. 


http://ss.jircas.affrc.go.jp/engpage/annualreport/1995/appendix/react2.html (1 of 15) [10/7/2002 9:43:56 PM] 



RESEARCH STAFF ACTIVITY 1995-1996 


Blade, S.F., Shetty, S.V.R., Terao, T. and Singh, B.B. (1995). Recent developments in 
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Du, M. and Maki, T. (1995). Evapotranspiration around windbreak nets (II): Under different 
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Du, M., Yoshino, M., Fujita, Y., Arizono, S., Lei, J. and Maki, T. (1995). Agricultural 
activity and climatic change in the Taklimakan Desert, Xinjiang, China, in recent years. 
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Engineering, pp. 528-529. (J) 
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Effects of modification of culture conditions on varietal differences in rice cell culture 

In a liquid culture for suspension culture, 2 kinds of basal media, N6 5 ) and R2 15 ), are widely used in 
combination with 2,4-D, sucrose, proline, etc. Both media were developed for cell culture of Japonica 
type rice in terms of promotion of cell proliferation and callus formation from explants, and the 
composition of the media was characterized by low levels of ammonium sulfate, 3.5 and 2.5 mM, 
respectively, as reduced nitrogen sources. Fig. 1 A-C shows a comparison of callus proliferation between 
'Nipponbare', 'Koshih ik ari' and 'IR24', when the calluses derived from mature embryos were cultured in a 
liquid medium containing R2 basal medium, 1 mg/L 2,4-D and 30 g/L sucrose. Japonica type variety 
Nipponbare is one of the varieties most frequently used for biotechnological research. Nipponbare 
produced yellowish-white calluses and grew vigorously in this culture medium while Japonica type 
variety Koshihikari produced brown calluses and grew poorly. The scutellum of the embryo of the Indica 
type variety IR24 enlarged in the liquid medium but ceased to proliferate. In this study, 50 varieties from 
4 varietal groups, Japonica type, Indica type, Javanica type and Indica-Japonica crossed varieties were 
classified into the 3 types described above in terms of callus proliferation in this medium as follows: 
Nipponbare type, Koshihikari type and IR24 type. Fig. 2 shows that in the 50 varieties from the 4 varietal 
groups, the callus growth rate varied during the seven-day-culture period from 1.0 to 7.5 and that the 
Koshihikari and IR24 type varieties showed a lower level of growth. Based on these results, Koshihikari 
and IR24 were selected as recalcitrant varieties for improving the culture conditions. 

In this study, it was assumed that specific constituents of the medium inhibited callus growth in some 
varieties, such as Koshihikari, IR24. To verifiy this hypothesis, experiments were conducted to remove 
the factors affecting varietal differences by modifying the medium composition. Improved composition 
by which the calluses of the 2 recalcitrant varieties and of Nipponbare could proliferate was eventually 
identified (Fig. 1 D-F) . Ammonium sulfate and sucrose concentrations were considered to be the factors 
that inhibited the growth of the calluses of Koshihikari 13 ). The growth rate of the Koshih ik ari callus was 
almost identical with that of the Nipponbare callus, when alanine was added to the medium instead of 
ammonium sulfate as reduced nitrogen source and, in addition, the sucrose concentration decreased from 
3 to 0.375%. In IR24, sucrose and medium pH were considered to be responsible for the poor response in 
culture. IR24 could be cultured in a liquid medium when the medium used for the Koshihikari varieties 
was improved with the following additional modifications: (1) Maltose replaced sucrose. (2) The pH of 
the medium decreased from 5.8 to 4.5. Furthermore, the addition of proline at a concentration of 10 mM 
promoted callus growth in the 3 varieties. The composition of the modified medium(Medium C) is 
shown in Table 1 together with that of the initial medium (Medium A). 

With the modified culture conditions, 50 varieties from 4 varietal groups were tested and the growth rates 
are shown in Fig 3. Koshihikari did not show any browning of calluses and all the tested IR24 varieties 
could be cultured under the modified conditions. The callus growth rates in the liquid medium ranged 
from 2.6 to 4.4. There were smaller differences in the callus growth rate compared to that under the 
initial conditions. These results indicated that the modified conditions developed in this study were 
applicable to a wider range of rice varieties. 
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Fig. 1. Effect of modification of culture conditions on callus proliferation of 3 varieties 

Variety : (A)(D) Nipponbare, (B)(E) Koshihikari, (C)(F) IR24. 

Medium: (A)(B)(C) Media contain 40 mM KNO 3 and 2.5 mM (NH 4 ) 2 S 04 as nitrogen source and 
a 30 g/L sucrose as carbon source. Medium pH is adjusted to 5.8. (Medium A) 
a (D)(E)(F) Media contain 20mM KNO 3 and 5 mM alanine as nitrogen source, 3.75 g/L maltose as 
a carbon source and 10 mM proline. Medium pH is adjusted to 4.5. (Medium C) 


13 A CN 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-4/ogawa/f1.html [10/7/2002 9:45:35 PM] 



Akcnoho&hi 
Hnshiyulaka 
Mudan 
Norin 22 
Fukuhikari 
Tc-lcp 
M 302 
M 401 
M 202 
Norin 6 
Oiinsurah Boro 2 



living 23 
IR 24 
Taichung native 1 


123456789 


Fig. 2. Varietal differences in callus growth rate 
initial conditions(Medium A) in liquid 
in rice 

FH Nipponbare type varieties or lines 
EO Koshihikari type varieties or lines 
^ 1R24 type varieties or lines 




under the 
cell culture 


http://ss.jircas.affrc.go.jp/engpage/jarq/34-4/ogawa/f2'.html [10/7/2002 9:45:36 PM] 









































tl 

Table 1. Medium composition 


1 



(mg/L) 

Constituents 


Medium B 

Medium C 

(Initial medium) 

(Modified medium) 

Inorganic salts 

Macro-elements 




KN0 3 

4,040 

2,020 

2,020 

(NH 4 ) 2 S0 4 

330 

330 

- 

CaCl 2 e2H 2 0 

147 

147 

147 

MgS0 4 e7H 2 0 

245 

245 

245 

kh 2 po 4 

- 

272 

272 

NaH 2 P0 4 e2H 2 0 

312 

- 

- 

Micro-elements 




Fe-EDTA 

19 

19 

19 

MnS0 4 e4H 2 0 

1.6 

1.6 

1.6 

ZnS0 4 e7H 2 0 

2.2 

2.2 

2.2 

CuS0 4 e5H 2 0 

0.20 

0.20 

0.20 

Na 2 Mo0 4 e2H 2 0 

0.13 

0.13 

0.13 

H3BO3 

2.8 

2.8 

2.8 

Vitamins 




Nicotinic acid 

1.0 

1.0 

1.0 

Thiamine-HCl 

10.0 

10.0 

10.0 

Pyridoxine-HCl 

1.0 

1.0 

1.0 

myo-Inositol 

100.0 

100.0 

100.0 

|Amino acids 




Alanine 

- 

- 

445 

Proline 

- 

- 

1,151 

|Carbon sources 




Sucrose 

30,000 

30,000 

- 

Maltose 

- 

- 

3,750 

pH 

5.8 

5.8 

4.5 
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From Narita International Airport to Tsukuba Center: 


• By Airport Bus (lOOmin) 

2,540YEN 

Dep. 

Arriv. 

Dep. Arriv. 

07:20 

09:00 

16:15 17:55 

09:05 

10:45 

17:20 19:00 

10:35 

12:15 

18:40 20:20 

12:50 

14:30 

20:00 21:40 

14:35 

16:15 



• To JR Tokyo Station by Narita Express / (60min) / 2,940YEN 
From JR Tokyo Station (Yaesu South Exit) to Tsukuba Center by 
JOB AN High Way Bus / (60min) / 1,250YEN 

^ From Tsukuba Center to JIRCAS : 

By Taxi (15 min) /about 2,000YEN 

1-2 Ohwashi, Tsukuba, Ibaraki 305-8686 JAPAN 

Tel: 0298-38-6313 

Fax: 0298-38-6316 

E-mail: www@ jircs. affrc .go .jp 
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Ministry of Agriculture, Forestry and 
Fisheries WWW severs. 

Japanese version is here. 

• National Research Institutes 

• AFF Research Council 


National Research Institutes 


Some servers are still development. 

More Information and clickable map is here . 

• NARC:National Agriculture Research Center 

• ABR iNational Institute of Agrobiological Resources 

o DNA Information and Stock Center 

• NIAES :National Institute of Agro-Environmental Sciences 

• NIALNational Institute of Animal Industry 

o Japan Animal Genome Database 

• NGRI iNational Grassland Research Institute 

• FRUIT :Fruit Tree Research Station 

o AKT :Fruit Tree Research Station (Akitsu Branch) 
o KCNT :Fruit Tree Research Station (Kuchinotsu Branch) 

• NIVOT :National Research Institute of Vegitables,Ornamental Plants and Tea 

• NKK :National Research Institute of Agricultural Engineering 

• CRYO : Hokkaido National Agricultural Experiment Station 

o MMR :Hokkaido National Agricultural Experiment Station (Memuro Branch) 

• TNAES iTohoku National Agricultural Experiment Station 

o OMG:Tohoku National Agricultural Experiment Station (Omagari Branch) 

• INADA iHokuriku National Agricultural Experiment Station 

• CGK:Chugoku National Agricultural Experiment Station 

• SKK :Shikoku National Agricultural Experiment Station 

• KNAES :Kyushu National Agricultural Experiment Station 

o MYKZ iKyushu National Agricultural Experiment Station (Miyakonojo Branch) 
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• NRIAE: National Research Institute of Agricultural Economics 

• NISES :National Institute of Sericultural and Entomological Science 

• NIAH iNational Institute of Animal Health 

• NFRI iNational Food Research Institute 

• JIRC AS Japan International Research Center for Agricultural Sciences 

• FFPRL Forestry and Forest Products Research Institute 

o FSM iForestry and Forest Products Research Institute (Kansai Branch) 

• HNF :Hokkaido National Fisheries Research Institute 

• MYG iTohoku National Fisheries Research Institute 

• NRIFS:National Research Institute of Fisheries Science 

• NNF iNansei National Fisheries Research Institute 

• JSNF Japan Sea National Fisheries Resaerch Institute 

• ENYO iNational Research Institute of Sea Fisheries 

• NRIA :National Research Institute of Aquaculture 

• NRIFE iNational Research Institute of Fisheries Engineering 


AFF Research Council 


• AFF Research Council Secretariat (in Kasumigaseki) 

o Tsukuba Office 

■ Computer Center 

■ Research Information Center 

■ Tsukuba Bioscience Hall 


tzhaya@cc.affrc.go.jp (Takanori Hayashi) 


http://ss.jircas.affrc.go.jp/maffindexE.html (2 of 2) [10/7/2002 9:46:14 PM] 
















Pork Production Structure and Consumption Perspective in China 


Prediction of Pork Production Structure and Consumption in China 


Chien Hsiaoping 

Research Information Division, JIRCAS 

Pork consumption in recent years has shown two main characteristics. The first one is that per capita pork consumption in the urban areas 
seems to have hit a peak already. The second one is that consumers' consumption preference has shown variations (from frozen meat to fresh 
meat, and from fat meat to lean meat, with a tendency to high quality consumption). These new trends have also resulted in changes in the 
production structure. 

1 Pork production structure 

1) Breeding scale 

The main form of pork production is the family-scale hog raising. The average number of hogs raised in a farm is four per household 
(shipment + stock). Usually, one is for self-consumption. According to the data supplied by the Ministry of Agriculture, farms raising less 
than six hogs accounted for 94% of the total hog-raising farms in 1995. However, the number of farms raising more than six hogs has been 
increasing since 1986. 

2) Production composition 

Pork production in 1998 amounted to 38,840,000 tons, and the supply per capita was 31 kg. In the early 1980s, pork production accounted for 
more than 90% of the whole meat production, and now it accounts for 68%. This is partly due to the changes in consumers' preference in 
consumption, and partly influenced by the new policy of promoting the consumption of products derived from feed-saving-type stock raising 
in recent years, including herbivorous animal products (cow and sheep), poultry meat products that are produced with efficient feed-to-meat 
conversion rates, and marine products. At present, poultry meat and beef production accounts for 28%. However, the pork-predominant 
production structure will remain. 

3) Regional distribution of production 

A large proportion of pork production is carried out in the southern regions. In 1998, the production share of the southern regions was 65%, in 
contrast to the 35% share in the northern regions. In the past, pork production was heavily concentrated in Sichuan Province, but in the 1990s 
many provinces began to enhance their own self-supply capabilities. Among them, the northeastern region has taken the advantage of being a 
major grain production base and has markedly increased pork production in recent years. Also, as a result of the changes in consumers' 
consumption preference, it has become more difficult for Sichuan Province to adjust its production to meet the market demand, and the 
domestic pork production is facing a possible redistribution among provinces. 

4) Feed in hog raising 

The production structure based on the family-scale hog raising has resulted in a long breeding period and a low turnover rate. The low 
lean-meat rate characterizes the meat thus produced, since formula feed has not yet replaced the traditional feeding method. Nevertheless, as 
the commercial production is expanding, large-scale hog raising has begun to emerge, which in turn has stimulated the demand for feed. The 
formula feed production for hog raising had been increasing at an annual rate of 12% between 1991 and 199620,000,000 tons, accounting 
for 39% of the total formula feed production. Considering the large scale of pork production, however, the share of the formula feed for hog 
raising is still quite small. As the production moves rapidly to meet the needs of the commercial market, the demand for formula feed is 
expected to increase further. 

2 Forecast for pork consumption 

The future pork consumption per capita in the urban and rural areas has been analyzed, respectively. The simulation conducted from 1996 to 
2010 covered a 15-year period in total, and the results are shown in Table 1. The base line of the analysis follows the average expansion rate 
in the past 16 years (1980 to 1995). The high and low predictions are obtained by moving the point up and down from the expansion rate of 
this base line. Compared with the urban areas, the income elasticity of demand in the rural areas is larger, indicating a possible future increase 
in pork consumption as the rural economy further develops. On the other hand, pork consumption in the rural areas is less influenced by price 
fluctuations, reflecting the self-supply and self-sufficiency conditions there. 

Accordingly, pork consumption in the urban areas will only increase slightly, and the low prediction forecasts a decrease. The high prediction 
puts the amount of consumption per capita in the urban areas at 20 kg. On the other hand, a steady increase of pork consumption is predicted 
for the rural areas, with the amount of consumption per capita reaching 18 kg in 2010, about the same level as that in the urban areas. Taking 
into consideration the population trend to urbanization, the total amount of direct consumption is predicted to reach 3,540,000 tons (low 
prediction) or 37,000,000 tons (high prediction) in 2010, an increase of about 12,000,000 tons from 23,200,000 tons in 1996. As the 
population and income increase, the pork production and consumption will certainly expand further. 
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Table 1. Analytical results of prediction of per capita pork consumption (period 1996-2010) 


Income elasticity 

Price elasticity 

R2 

D.W. 

Urban 

0.345 

-0.133 

0.92 

2.24 

(t value) 

(6.62) 

(-5.15) 



Rural 

0.585 

-0.051 

0.95 

1.93 

(t value) 

(10.07) 

(-2.05) 
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English seikajouhou 1993 


•qJIRCAS Research Highlight in 1993*r 


1. Tropical Agriculture Research Reference Information System(TROPIS) 

2. Structure and Function of Genes Responsive to Dehydration in Higher Plants 

3. DNA Probes for Detecting Pathogenic Mycoplasma-like Organisms in Plant Diseases in Southeast 

Asia 

4. New Rice Varieties Registered in Yunnan Province, China 

5. New Cucumber Varieties for Summer Season in Sub- tropical China 

6. Genetic diversity of bradyrhizobia in Thailand 

7. Soil properties in the desert region 

8. Pepper and cucurbit virus incidence and control in Thailand 

9. Laboratory breeding of the smallest ruminant, lesser mousedeer(Tragulus javanicus), as a new 

laboratory animal 

10. Studies on cellulolytic bacteria in the rumen of tropical domestic ruminants and its characterization 

11. Variants of wheat partially lacking Wx proteins for breeding waxy wheat 
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tion of the expression of a desiccation-responsive rd29 gene of Arabidopsis 
thaliana and analysis of its promoter in transgenic plants. Mol. Gene. Genet. 
236,331-340. 

(2)Yamaguchi-Shinozaki, K. and Shinozaki, K. (1994):Novel cis-acting element 
in an Arabidopsis gene is involved in responsiveness to drought, low tempe¬ 
rature, or high-salt stress. Plant Cell 6,251-264. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah52.html (2 of 2) [10/7/2002 9:58:37 PM] 



http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah52.gif 



fcttttwr. 


rd29A rd29B 



\S\ 3 : rd29A t rd29B 7 P 

GUSOttfKfb* 

gus 

±(«BilWoafi^«A^ p -f 5? 

Tanm s mzkmT* rd29A «g-oieji 

T* b &Mt Z> tf rd29B tttt?tt«3I L * 
L'o 


rd29A 



02 :rd29Aii^^yp^-^-^M^iJ^- 
*-OGUSiifi*fc»£Ufc*y5iifg 
^<7>«5£fc (±) 5fWW5»ft«|A4r/<D 
* GUS >'5'l£<7>_k|f CF) 



®4: gs77U*^«aiw»'^ia»i'nTi'^T 
9 er- 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah52.gif [10/7/2002 9:58:48 PM] 




















seikah53-1 


CEn< t • ~<t,E » i • h-Vt • F"CE"iJAfWf A, if}f CfRfvftsfYf }-l • a(E' 'I, i, c,m, ' (EY • o-@, is J"- 
•m—v-n • n • @ • @ • @ • F"CE"if Af Wf A, E"- • f,p,A, , ef Sf } f t f Bf • f f f B • [ • Af Tf gf Ef Lf r" ' -t • a • Af Cf 1 
•@*@*@*@*@*@*@* @|s©''& • a, I • a(E ' 'I, A, , ef } f CfRfvf tsf Yf }—l"t *f*"*i,.l,k,n*j, I, c, m, ' fvf • 
•@*§*@*@*@*@*@*@*[fu,5*i* _, ,p,Vs*li, r ±,e,g, 5—p, £,e,±,iE,E,ae,e*A*v •ESmZA, E, 1, k, n, 5CEY 

.@.@.@.@.@.@.@.@.0, *,6,±,JE, a tsA" \,E,E,A,Vs*B 

r S"-•e•S•E•"•@•F• ' *U"_-N*...ZY<MEn< tfZf"f A * [ • 1 • ” Z '(E 1 • "*AfRf"fPf" 'aSw 
~A*@*@-* .@.@.6e.F02 98-38 —6305 

• " • @ • @ooi• @ • @-V4 • F • ' • U"_< E 
•e*@*@*@*@*@-a*F*i*”* aSQ 
'I.@.@.@.@.@.U*F~i-&*A*HCE| 

[ "w(Ei • E, E, g, <: ] 

f A f C • Af ~ f f f " f } • [,A"-.fl,p,A,$,6fSf }ftfBf -fffB* [ * i * }, P * j , af A f C"CE-k * ", IfTfgfEfLfr 
"' —t • a • i • }, Q • j , I • A' n~ae, I"_< E, Etso-A"I, E"iSQ, 3- A , | , A, $, e • Bf Cf Its©’'? • a • i • },R* j,IfAfW 
f ASe' n,E"- • f, p. A, £, e*B, *fc, e, g, I • a< C, I • Af} f CfRfvf IsfYf}—l"-r• f • " • A, 1, k, n* j,E, ae, e~ 0 , « 

< N, ±, 3 , e, A, C, e*B* ]-~ - A, ±, e, g, I-aCE' 'I, SCEY* o, • , e, ±, E, t"n • 1 , E • «"i, A, , A, Vs*B-{CEn< f, A 
, I • A, 1, k, n, S*v'-'*ESmZA, E(EY*o, • , e, Vs, £> • A, c, m, ' fvf* • [fu, 3-p, <:, VSCEY • o-@ , 3S J"-, ■ ,e,±,E 
, 5-U"I, E ,• ,e*B 
[ • ~' < toE , i"a—e *E"A' ¥] 

f@f Cf lfe©' , I> • aoee • a • A* " , ©, g 'S, c, m, ' , 3' S • o(Ea • ABisbenzimide-CsCl • Vs• t-§"x(Eu"zts" • S, E, © 

, “ *A*a(E', 1, k,n, I, c,m, ' ,3*hZa*A* ", I, c,m, ' , ©, g • a —£, p. Vs• B, », e, 5*§CEA*y'f Hind fV, A* a 
tsSCEa *Afvf tsf Xf~fh Bluescript , E '} "u, p • A 'a' °< U NM522, E"±"u, p, Vs • B"k4, g, e, VsfNf • • [ f ", I 
, n, i • Aoee • a • A* " , I, c, m, ' , iE"Vstsz, p • ACE' 'S*A*",I,c,m, ' , E, I"Vstsz, p,E,£,a,I,3'I" 2 ,p,Vs*B,» 

, e, g, I '}"u' f *B,Efp* [fIfLfVf_* [f [, 3 • WZ ~, p, A* A, c, m, ' fvf* • [fu, £, p. Vs • B 
1A, l,k,n,I*o*F'i, E—R—~ , • , e, c, m, ' fvf • • [fu,iE*o*F'iSO,c,m, ' , E—R— ~ , • , e, c, m, ' fvf • • [f u 
, a ,£,e,ki*B*i* _ ',p,k>,c,m, ' fvf • • [fu, 3—p, C,e,±,iE,E,ae,e*A,l,k,nS'*6fCfl,©,g*A*v' - '*ESm 
ZA*E*,S'"x,E,l,k,n,3(EY*o,A,«,Vs*i* }, S • j • B, U, Vs • A, 1, k, n" } tel • ©' Z • if cf} f Of • f ~ f Rf of C • j 
,P*C,©,g,A,a*A,l,k,n, 3CEY • o, • , eS ' "x, 3—L, p, A, C , Vs • B 

iBf Tf gf Ef Lf r "' — t • a, l,k, n, Ef Sf } f tf Bf • f f f B • [, 1, k,n,E, " , <: , A, a • A* 5 • F 'I-R-'' • E • 6 • F 'ISO 
, c, m, ' —R—" , i, c,m, ' fvf • • [fu, 3 • i • •, e, ±, E, a , A, «, Vs*B 

[ *-i&fi, ISp—E • E—~ , '6"_] 

• @,±,e,g,i,c,m, ' fvf* • [fu, 3-p, $ *Af A fC,E, aSe • a(E', 1, k, n, 3CEY*o, • , e, ±, E, a , A, «, Vs* B 

-{ *u-@, I"K-p,E,«,e*AfSf }ftfBf-fffB* [ • Af Tf gfEfLf r'" -t • a • Af Cf 1&©~E> * a, i • a®1, k, n, I"} 
tsi*©' Z, a' ISO• hZa• A* ", Ils3- 3 /4• A' i • R•«• iZi, I 'I" 2 "tm, a -e^0, E, E, e, JEZv, i,e,e*B 

[<ri“i/f*[/A] 

•H* *}4 

[,»,i'v 4 ] 

•@(En< ttsU 'e-V4* F"CE"if AfWf A, E, ", ”, ef} f CfRfvf IsfYf }-l • a(E ' ' I, E, ae, e • aSQ, IZA'O, ils3- 3 /4, JE-h 
•ce-@, ISm—§ 

• @-\ Z Z< ae • a • F * ' • Of vf • • if} f CfRfvf IsfYf } • j 
•@(En< f SuSO • F • VS • -i, T"N"x • i, R"N • ' ,T"N* j 

• @CEn< f' S"-ZO • F' t "i "e—Y • A—N • @— 2 Z ; • AWitcha Chaleeprom* APisan Sirithorn • A 

Porntip Wongkaew 

• @"-• \~_* c H"™*FNakashima, K. and N. Murata (1993): Destructive plant diseases 

caused by mycoplasmalike organisms in Asia. Outlook on Agri¬ 
culture 22, 53-58. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah53.html (1 of 2) [10/7/2002 9:58:48 PM] 






seikah53-1 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah53.html (2 of 2) [10/7/2002 9:58:48 PM] 



http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah53.gif 





m 1 : =fT7i- 

*<<, tE#, m&, n*jrawtr* 



02 : tr 



03 : 

ntfmi'Wk u 


A B 


PLANT 

TISSUE 

(pg> 

500 

H 1 

• 

H 1 

• 

250 

• 

• 

1 25 

0 

• 

63 

o 

• 

31 


• 

15 


• 


7 


4 


0 4 : hX^XvcoteliitfiJ 

m±t£4 *<7) DNA (^7 AH) 
myr< h X v Xv A'$§£i L T * 
DNA W?A I) £, ;HS£$XT7-‘f 
h L, y r 4 h^Xv^ 
fe&Kdd*T&DNAXn-X(A), ifc 
It, 7 7^ f'X^XvtD&fete^DNA L: 

DNA 7p-7(B) 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah53.gif [10/7/2002 9:59:01 PM] 


G □ 





seikah54-1 


CEa< f • -t feE»i • h-H • F' t • »E, E, ", “ , e •..." i • V-iZi, A, nae3 4 •' 37 • t 

[-v-n] '&_"!•£, I-W-* 1,50 0 •' 2,100m' n 'N, E"K8sz, •, e 'I-a-«-A, a, i -a' I-R 

• « • AZu—E •«, E—D, e,ki,S,A, i*... / 'i*iZi,5 / 'g*~ l ,p, : !^*B 

' S"-•e•S•E•"•@•F• '.U"_-N*...ZY<MEn< tfZJ"f A * [ • 1 • " Z 'CE 1 • " • C 0 ^" i • E "_< Sw°si @ „ 

~A-@.@---@.@.«-F0298-38-6305 

• " • @ • @loi • @ • @-V4 • F • ' • U"_< R 

@,:@.f-a-F A ?.§Zi 

• a •@@@@&•F, P 


["wCEi«E,E, g, $] 

' + • *E, I - I" Ti, I<NCE 1 'n, E, Y, g, e • A'I-a •«• A, 0, a, i * a' 1*R*«, I<9 • Y— A • i Z i, a 'f.Y 

, • , e • B, ±, e, gts_"i »E, I A a"' Z 'CE 1 , E ' .(E A "™, a |- 0 u-g, 3 , e,A,C, e"u- {,I A a"'Z'CE 1 ,3— p, p, A« Als_ 
"i-E, Iae~i • ifWfff | f jf J(E A • j' n 'N • A, E, -,E*W-, 1,500*'2, 100m' n 'N, E"Ktsz, • , e ' I—a • E ' I • a • E 
'f^Zu • iZi, 3 A g• “>, • , e • B, E, " • A '0"N"x, U, A, E, T, A, I • KEnCEn" • , a ts_"i • E, I— D —Q • iZi,iE,p,A"o~ A 
, 3 , e. A, 9, e • B 
[•->&£, I"a—e • E"A' ¥] 

, P*D* °~a58"N«' • °~a61"N, E"6 r t‘a"i 'CE 1 ,5CE3"z,p-A, », ICEa 'a,©, g~g • ~>, p, k-, S, A, I • ^CEnCEn" • 

• a • A*k* T"N, TCEZ, Ets_"i *E, I-D-Q • iZi, E, p, A"o~ A , 3 ,e,k>«B 
,Q*D"o~ A *iZi,I • ""A• «, I • \, E Z| , •, a -AST-v,I A Efe%I' E, e, A, , e*B 

•@(1) 5@ae34•t• iCEn" • -Vk • F • lCEnl5 * + » j • @, a, k, P • A ts_ae 135 • i* ° ~a58"NCE3"z • j, as, e A g* 3 , e 

• @ *@,^aeZi *B'i-a*«, I< -• A, C, a, i • a• A •«' i • R*«~a"' Zq, IPi-b, 3, a, j • ASOSI• iZ£, f' t *a*A*H 

• @ ; , I' f' t, A*A'kiZu,A, , e*Bfe_"i.E,i*W- , 1,900•'2,100m'n'N,E••< y, a CE©* z,U, e,A, e*B 

(2) 3@ae35 • t • iCEn" • -Vt • F • lCEn24 • t • j • @ fgfhf • fLf •fZ* A ' A ae,S*t*i* ° ~a60"NCE5"z • j, E, as, e 
•e^^g*- 1 , 3 ,e,kaeZi*B, <pa, i • a • & • e'i • R* «, I-t • A-a, E, a< - • A' i—a •«, I, a, aZa, A- ASOSI • iZ«; 

• @ @ , %* t' t • A* H— j , I' t' + , A.A'kZu, A, , e * Bls_" 1 • E, I • W • , 1,50 0 • ' 1, 800m' n 'N, E • • < y, a (E©-z 

• @ @, U, e, A, £, e • B 

(3) 3@ae36 • t • iCEn" • -H* F»l(En25 •t*j*@83°81/ J jfVf qf Jf S//ls_(En, R* t • i • ° ~a61"NCE3"z • j , E 
•@*@,«,e''g* _1 , 3 ,e, kiaeZi • B 'I—a •«,I,a,a<-*'<-*A-9 , m,i,<:,a, ( ;*a* A *« , i*R*«''a"'Zq,3,a,A 
•@*@,JE*,/e, 3 , e • ASOSI-iZi,, I' t • a* A*H- ;, I' tfe° , A* A '^Zu, A, , e • Bss_" i • E, I • W • , 1, 800* ' *@ 

• @*@2,000m' n'N,E • -<y, a CE©* z, U, e, A, <:, e • B 

(4) 3@ae37 • t • iCEn" • -V4* F • ICEn 30 • t • j • @f gfhf • fLf •fZ* A ' A ae,S* + *i* ° ~a60"NCE3"z • j, E, ee, e 

3 ,e,V4aeZi*B, <:,a, i, •a*P*e , i*R*«, I-t • A-a, E, a< - • A' I-a •«, I, a, aZa, A* ASOSI • iZ«; 

• @.@, I*a°ss° -A-H-j, 1' t *a, A*A'^Zu,A, , e • Bts_"i • E, I • W • , 1,50 0 • ' 1, 800m' n 'N, E • • < y, a CE©-z 
•@-@,U,e,A,<:,e-B 

[.^E,is A -p-E.E--'0"J 

• @ • @3@ae34 • t, I • ° ' E • A< E-o • A*©- 3 4« A• UZR' n< «• A3@ae35 • t, I *©- 3 /4* A< E-o • A ' A —Y • A< ECEk • A* gtsl 

• 0'n<as-A3@a636* t, I*©- 3 /4*A< E-o • A- ° • E' n< ae* A3@ae37 • t, t< ECEk • A-gfef • A 'a--' n< ee, 3't*S,E** 
•@<y, a *i,B,g,e,e»B«^* _| , T"N, tfe_"i*E,E, ", “ , e • ICEn • iZi, I • 1 • t ' • -E • I, I-n 8.2-ceha, A-A'I 

• @ • U' n 'N, I-..."c-E.I, I-n25*",3*e,5,54*B 

[<rri/f.[/A] 

a 


[,», i'H] 

• @CEn< tfeU'e-V 4 .F f t • ', E, ", ~,e A l A a"' Z 'CE 1 , I • ] h>i, R—~—p< Z-p, ISJ"- 

• @—\ZZ< as* a *F* ' -Ufvf * •i' , i’'a"' Z 'CE 1 • j 
•@CEn< t SuSO *F • _I , T"N"x »±*14* -I / S«' ,W"N- j 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah54.html (1 of 2) [10/7/2002 9:59:02 PM] 


seikah54-1 


@(En< -f' S"-Z0*F*tCE' o o'oA*0*A*y"c*@(Ej • A~A* " *M* s • A" ; '° 'xZ-r-A" ; "ctsA* Z • A~a • 

3 (Eh • A • Htsi ~ a< v • A-x - @"o*A*X' J- w j-A"CE-@- 3 • °-A- '• 

@ • @ • @ • @ • @ • @ • @ "aZR"c"ZZm*A* ~’ZR"c 'PZO- A-CE- @"A- A*OZu"_* Afenfei^, U, ©16- 
\~_.f "™.F''a"' Z '(E 1 — p, E, as, e •... Ai ~ pZi • A '*2 l!sn"M 'N"_< MEn< t • ' *UfVf 
',q,r No. 21-A1988-B 


a* 3 • Y • A 
L 'xz j -A 
V 4 

"f|fWfEf€“_.5 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah54.html (2 of 2) [10/7/2002 9:59:02 PM] 







http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah54.gif 




na ^ ^ 

& ffi. t 

5gS34^ 

^15^ 


SSW36^ 

ME9f- 

Ottt) 

SB3S# 
-fry,34# 

56S3T# 

65630# 

StSO# 

CHJK3 

& m 

f ifc^Sfc 

t 4 


+ i 


+Jfe®¥ 


m m 

ffl ft M 

W M M 

msM 

SI £ 3! 

* ft H 

$ $ ££ 

Sii 

&vm u^ao 

T. 28 

3, 3 

B. 1 

8. 2 

7.19 

7.18 

7.18 

mm a) 

9. 9 

508 

9. 16 

9,18 

0.24 

; 8.22 

8.24 

Wf* C C31 ) 

82 

99 

77 

102 

87 

85 

88 

( c* j 

17,0 

17,1 

17. B 

16.8 

16.4 

17.2 

16.0 

mi 

564 

423 

447 

406 

463 

541 

638 


n-m 

ft 

ft 

ft 

m 

ft 

dni 

m 

A * ft 


n a 

w e 

ft a 

ft 6 

ft & 

ft 6 

IK & ^ 

SI 

*£ 

m 

ft 

a 


£ 

K tfsl tt tt 


5P 

st 

66 

St 


t 

» » tt 

St 

sa 

t^SM—St 

St 

*■*56 


J? 


Pi-b 

+ 

A< HJJ 

+ 

Fi-i, k m 

Pt-i.k* 

+ 

1 H (s ^ 

— 

**St 

_ 

**5t 

St 

St 


W. v 'i 

— 

St 

- 

SB 

St 

St 

36 

Og/O 

77. 8 

sa. s 

84,8 

65, y 

115,9 

112,0 

94,2 

ra h«fsjt(© 

m 

UOO) 

129 

(100) 

123 

119 

(100) 

C 

23.8 

20 . a 

; 28,2 

20 , y 

: 26,3 

23.3 

24.0 

£ 3fc S « 


4?T 

. 4>± 



_tT 

** 

■ft ^ 

4*4* 

T 

*T 

T 

** 


** 

m & js 

5 

aj 

EL 

HE 

1: 1 

t 

M £ ¥ Me 

1989*M990*P 

19B9- 

1993% 

1990- 19915 s - 




http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah54.gif (1 of 2) [10/7/2002 9:59:13 PM] 



























http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah54.gif 

- 1 -. n* 1 HT 1 -v., ^ m Vi Ufc ^ v J-|' Txh- |ii -*3 d £U',^i '-V;(VW n 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah54.gif (2 of 2) [10/7/2002 9:59:13 PM] 


CEn< f .-ilsE.i •n-H.F't • ' • E 'Y"M 'N' n~as, E"K, • , e '^Zu*E*, • iZ^lsAf Lf ...f Ef S • iZl, I A g.-> 

•m-v-n*n*@ *@ *@ •F' t • ' i0Y"M '§*n~ae, IlsA-i*0, I • s '«, 5ls5*A, •, e, Ib,E*A"-' n A ae,E"K, *, e Sft 
.@.@.@.@.@.@.@.@Zu.E.,.iZi f Lf ...f Ef S • iZi, I A g2il.,a.s, C • ASu 'f, ICSsA* A, Q» t£, a=, e, a 'I»< •« 
.@.@.@.@.@.@.@.@.E'I.a*«,E-D,e'^Zu,A*iZi, 1 g, **ZGCES, P • t£ • AOZGCES, Q • t£< y, N*ZGCES, R. t£ 
•@•@•@•@•@•@•@•0, I, R, A, I 15 g,e, PCEn" • , 3 A g• “p p,*5; 

' S • e • S • E » " • 0 • F » '.U"_-N».„2 y< MEa< ffZf"f A - [ • 1 • "Z 'CE 1 • " •||f]L"CE* E"_< £lsESwls@ 
ffi .F0298-38-6305 
•"•@*@3S1*@*@-V4.F. '.u"_<£ 

• e * @ • @ » 0 • 0 ♦ 0 -It • F A gZl 
'i.@.@.@.@.@.U. FlsE • 0—P 

• a • 0 • 0 • 0 • 0 • 0— E> • F, P 


["wCEi»fi,fi, g, C] 

• @ ~ Y"M 'N, E '®, • , e't • ' • E • L"(E • E, A, f&A-i.0, a •P•i"I,E•s'«,p,A, *, e • B • d-v, ElsA-i • 0, I,P,A 
, A, , ef Lf ...f Ef S, iZa->v»±Zf • ulsA* A, Q* t *v, fZu E, a ' a, - • A< e- ; IsE, a "-• 1, • , e, E , g, ICE* "_, a , 

, e*AlsuHg, a • K—v, A, , e • B, », ±, A* A, ±, I' n"ae, IlsAf Lf ...f Ef S, I •SIzy'A' e, 3* }, e, V4, lb, E *A*u!sA*A 
,Q*t *v,ae, e, a 'HZu, A -, • iZ£, If Lf ...f Ef S • iZl, i A -g*-i, 6* }, A,VS*B 
[ *->!sE, I"a—e •E"A' ¥] 

• 0ls0"iCE A • iZl r f ' I • < •«*A'I , a*«*A'» • ', I < -, *, a *AZu-E, a ' a, - • A* iZ£, a —6, A, is* B"u- { •iZi,C§ 
ls0"iCE A , IEls0-k:CE A , I' tSO(E A , E '®, p*AlsEZA, a • x' ■ , -, A*iZ£, a -g, f "A' • , 5Z •, A, a .A'p| •««&'!• a 
•«, a —6, eCE*"_, a , ,e*B'a~p*iZi., Is50"iCE A , E '®, p, A ' I • < •«• A 'I • a•«, a <-,C*a,E*A"aSr"I*iZ£ 

, a g, lb, E*A*L"CE' n~ae, IfLf fEfS, I 'gZl ' f • E>, JE, p, A"K, p. A, C, e, JE*1, |,g,e,Vs*i.\,p.j*B 
fAZGZi< -• ", 5-~-p, p, V6, e,P *iZ^ i • IZiIs», I, Vs, lb, 6• AZlZq*e, f-YSsO, I , K, C X " • «CKr." •, a 

• K—v, A, , A,Vs*B,», ±, A*A'i.< *«*A'i *a*«, a < -, -*AZ"!s6-| , a •, , C,e,P*iZl, I • ulsA• A, Q• t • v, E 
Z©*B, E ' I" 2 ,5CEJ, e • 6, p, V$CE< Is E • A, e, X • * 'a-U, AZ"ls6— | , a 90•"~E•a, IZ" • «CEn" •, 5" 3 4, e,±, E, a , A 
, «,V6,1, A»A, ±, e, 5*u, f, d •■v,E-H-Vi, p,V6»B 

*B*u,f,d*v, 5ZiZq*e,E, p, A • A—D—0, E 'a~p • A"u- { • A't • '•iZf<y,N,»,e,g,©, g'g* -1 , p, ^Z©* BCEn 
" • , SsaO • 2 • e, E, p, ACE5"z 'g • * , 1 ZZCE±, S • s, * • A* uZGCEQ, P • t • v* iZE • A , P • j • A*uZGCE6, Q • t • v iZE • A 
, Q» j< y, N • uZGCES, R • t*viZE* A ,R«j,I,R,A, I—B— Q, e, PCEn" • , S'g • p,V4.B^ e, g, I, e, PCEn" • |ff|jA 

, *, f e, a ' t »E» ilf, j • uSsA• A, Q • t • v, E"a, x, AS""-, e' ...IsE • ", a AZu—E, a *,,-*A<e-;lsE,i"- 

• 1, a *-,E, * • B, U, A'elsE *d, I 'a, «, - r A%zE r •, a , a, a' •, <="A' • , 5Z •, i • A 'I • a •«, I • ulsA*A, Q* t • v 
, E" ~ ’ o"x, E< -, * *B • uZGCEQ, P • t • v< y, N *uZGCE5, Q* t • v, 1 • ulsA• A, Q • t • v, ae, e, a 'ffi'‘eZ"ss6'... • 1 • lb ~E 
, a ' a, -'••!, A, , 6»i»\, Q» j *B' n A ae"Kls2 • «CEY' eZZCEi, ICE< IsE • A • VCEn" • ulsA* A, Q*t*v,E"a, x,A 
Zu-E, a 130*'40*"'o"x•,,©,A,^*B 

[ •-'IsE, iS A -p-E.E- _ '6"_] 

•@''g*-',p,^, e, PCEn" •, fls0"i'n*u, IlsAf Lf...f Ef S • ±Zi, JE, p, A-L-] ,A, , e • A • • < y, a Su'6, 3 , e, e • B 

[< i'I"Iff • [f A ] 

• \ ,P •0ls0"i*A"u-{<y,N'a~pfLf...fEfS*iZ£, I"A*«, I"aSr 


.@.@•1 zl R.@ .( 

•0 

„Y „Y „Y ,,Y ,,Y „Y „Y „Y ,,Y „Y „Y „Y „Y t 


i '. . @ @ 'I. @ @ @ . @|sE ZA• @ • @ • @ 'I »a 

•" • < ' • ' 3 4 * i 0»E> 2 , , x 

•« , 3 , 3 Z £ • a • a 

,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„’ 


0 ' 2 • . 
"NZY 


■Y„Y„Y„Y„Y„Y 


cm cm 


!sA.A,Q.t.@.@.@!s0"i , a< - <- 20-23 4.5-5.0 't , a< - <- - 1989 

.@. 0 .@ |s A •H»A»@»@»@ Is0"l <- <- 20-23 <5.0 ' t <- <- , a< - 1989 


Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 

„Y„Y„Y„ 

Y„Y„Y„Y, 

,Y„Y„Y, 

,Y„Y, 

,Y„Y„Y, 

,Y„Y„Y„Y„Y, 

,Y 

,e,n, 1 ,* "u—{ 

Za Za 23< 

4.5-5 

. o 

' t 

a< - 

- 

1988 


0.0.0CE6-} •§, R* t "u—{ 

' t ' t 23< 

<4.5 

-c 

' t 

< - 

- 

1988 


CEo*—, R* t • @ • @ • @"u-{ 

<- ' t 23< • 0• 

0 <4.5 

• @ g 

aZa 

- 

, a< - 

1989 


,A,i, 3 .@.@.@.@"u—{ 

<- 't 23< 

<4.5 

fHB 

aZa 

- 

' t 

1989 


"i* i, • 0 • 0 • 0 • 0 • @"u- { 

<- 't 23< 

<4.5 

-g , 

. aZa 

- 

' t 

1989 


,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 

„Y„Y„Y„ 

Y„Y„Y„Y, 

,Y„Y„Y, 

,Y„Y, 

,Y„Y„Y, 

,Y„Y„Y„Y„Y, 

,Y 

—I*6*@*@*@*@*@'a~p 

, a< - , a< - 20-23 

<5.0 

-g 

< - 

- 

< - 

1898 


—Pis • •@*@*@*@*@'a~p 

, a< - , a< - 2 0-2 3 

4.5-5 

.0 't 

< - 

- 

, a< - 

1989 



http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah55.html (1 of 2) [10/7/2002 9:59:14 PM] 














, R, A, I*V, e,P(En"*, I"A*«*il991"N* j 


,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y, 

„Y,,Y,,Y,,Y,,Y,,Y, 

,Y„Y„Y, 

,Y„Y„Y, 

,Y„Y„ 

Y„Y„Y, 

,Y,,Y,,Y„ 

■ Y„Y„Y„Y 

„Y„Y„Y, 

,Y„Y„Y„Y„Y 

■ @CEn" • -E 'g • 4, 1 • @ *@ 

' I * a •« 

•@ •@S""- 

•@ • 

> @5SE • @ 


ZA 


'0*@ 



• iZl—•@•@•@•0 »@»@ 

x.@ ' Y 

♦ |i m ls 6 , eCE< 

"e 


' 3 4 

"F 

< e- 1 • 

@ Su 

ZU 



'... • 1 toE • " 

%iE 

, 3 

, 3 

CEu 

toE- | 

Zu • @ • 

@ -E 


JE*@ ,» 

■ a 

• @ • 15 "E • @ @ @ 

• d 





-E 


•a 

,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y ( 

„Y,,Y,,Y,,Y,,Y,,Y, 

,Y„Y„Y, 

,Y„Y„Y, 

,Y„Y„ 

Y„Y„Y, 

,Y,,Y,,Y„ 

.Y„Y„Y„Y 

„Y„Y„Y, 

,Y,,Y,,Y,,Y,,Y 


•15 

g 

cm 

cm 

cm 

% 

kg/a 

kg/a 


ZGCE5 , P • t , f , d - P&. 

5.3 3.3 

204 

21.4 

3.9 

2.4 

5.0 

173.7 

426.4 

, a< - 

a< - 

ZGCE5, Q • t , f, d v%-I • 6 
a< - • @, a< - 

4.6 2.9 

219 

19.5 

4. 1 

2.4 

15.0 

132.7 

335.2 


Z GCE5, R • t , f,d*~CEo*-3* tF 6 
a< - • @, a< - 

12.2 2.5 

219 

20.4 

3.9 

2.2 

10.0 

130.2 

321.0 


lsA»A, Q»t • i 'I »IE« iZl • j 

11.7 1.7 

188 

16.9 

3.9 

2.2 

30.0 

103.9 

251.7 

, a< - 

a< - 











„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 


l-1 


[,»,i'V4] 

(En< flsU t • ',E, ", ", e-i»0, IfXfgfCEfX'I •«, its®. 

-\ZZ<$* a .F"MCEnfvf • • !'t • j 

CEn< tSuSO»F T"N"x* i • ° ~a, U, Q"N •' • is •-* f R"N * j 

<En< f' S"-Z0 *F»Xs5 o • iZO-E" ; -ilse • 2 • E"o 'ECE' ~e»E' t"+» • • F *E—...• -"g • EZu"-r"g • E— >' qCER • E-... • i. E 
"-•\~_*l"™*F'I"Mao*0CEn< f“_•I.W»C,P• | , P, P *C, P, X, X, Q 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah55.html (2 of 2) [10/7/2002 9:59:14 PM] 








CEn< t • -itsE • i • n-V$*Ff A f C, E, " , , eBradyrhizobium'®• a —±< U, I "a"' "I 'Is—1 •« 

•u—v-n•v 

•F,±,e,U, A* a -&, a • 9"i, /E, 3 , e. A, 0, EBradyrhizobium'®, I * a -±< U, 5RF LP • i • §(EA • y ' f' f 
•@*@*@*@*@*@*@*@*B' •, I 'Vs(E A * j • a • I,E,ae, e»A<$. a , ■, e, ±, /E, E • "XE-r, p, Vs*Bf Sf f fNf gfE, i • e • *, f Za-v, E 

• @ *@ *@ *@ *@ *@ *@ *@, R, A,E*A, 3 , g, Ef_fCfY, 6» f, i, 1 , A* a *1, ■ , e, 5, W, A, IfNflsfXf A • [,EZd* a , ~, e,±,JE, a 
•@*@*@*@*@*@*@*@,A, «• A%i ■ 'N,JE"M'N / I* S -±<U, E, t 'a, «, E'S'a, a , , e,±,JE, S- 3 / 4 , g,©,E, p, Vs*B 

fL* [f * • [fh* @•@ •FBradyrhizobium* ARFLP •AfSfffNfgfE •Af_fCfY • Af A fC *A* a -±CE' *-i A a"' Zq 
' S"-•e•S•E•"•@ *F• ' • U"_—N *...ZY< 5XEn< tfZf"f A * [ *ESA< «Z 'CE 1 *" 

.@.@.ae.F0298-38-6306 

• " • @ • @ssi* @ * @-V 4 *F * ' *U"_< E-E ' • • ¥'_< E-E"_< ESA< « 

•e•@•@•@•@•@-a*F"y•@•e 
'i*@*@*@*@*@*0*F"n.@-p 

• a »@»@•@@•@—]?*F,Q 

• u"w(Ei *E, E, g, C • v 

f }f *lsK*i.", IfSfffNfgfE, I *A< n.f' , ' fCEA' 6, 5* s, ft-I, S'tJZ •, •, e, ±, E, a , A, «*A*l'gSuSO, a ' Z, —1 
•X,E*i*t ' ICEn, E"±"u, p'O, 0, Vs, li •AfAfWfA, A* L, — •!" | , 3 , e, A, 9, e • B, p, ©, p * A"M 'N' n 'ae, E, ", ~,efSfffN 
f gf E, I • ‘HZY*«, I-<?, 3 4' a, 9f(Efxf< , E' a '0, p, A, 9, e *B, », ±, A* A, ±, e, U, A, U, E, n, Q' 2 , x, g, e. A, 9,E,CfSff 
fNfgfE* a -±<U, 3"a"' Zq* HSw"IZe-@, E, as. A, A* a -E>,p*A, ±, e, U, A, 'N, I"y *e,©, g* a -£, 3 , e,Vs* a 

-±<0,51, i' , a"'"I-P&«SOCEW,5CEY"<?,ia,J4*B 

• u• _l SsE, I"a-©«E"A'¥*v 

, P*Df A fC, IfSfffNfgfE, ©, g • a —£, p, FBradyrhizobium '®* a -±< U, IDNA, S' S • o, p • Af_f Cf Y • a —±< U, I • a —±(E' 

• -< A a"' Zq, Sfvf * • [fu,j£,p,VSRFLP*i.§CEA.y 'f, I' f • £)' •, I '^CE A - j * a * t , S • s, A, Vs* BCEY * o, 3 , e. Vs'Vs(E A , ©, gSe 
<US"SO, I-E>Z-"x, SZZ*o,p*AfNfisfXf A • [ • a • i,E,ae, effin" • Z±, 3 • i • p, Vk r R,±. r e* A3, A,. IZa-v, EfNf hf Xf A • [ 

, a CE' .-i, 3 , e,Vs*i *} * j.BfNf&fXf- A * [1,E '®, • , e* a -±< U, I f A f CSe 1, n, E • L, - * a *z,p,A, is* B, U, Is* Af A f C • 
<5<g* a -±<UfZf"f A * [,E-D-QS",5, p,A*U'l, 3 ,e,A, C,*SfSft fNfgfE* a -±<U, If Nf° 3 'ofXf A * [2,E'®, - ,e* a -±<U 
, A, ,A,VS*B 

,Q*Df A fC, if_fCfY* a -±<U,JEfSfffNfgfE* a -±<U,JE,©, ?*oCE»,vi,^RFLPfpf A . [f",S, ,1, 1 , Af Nf IsfXf A * [* a *I 
, p,^ 2 , E, ±, e*A8, A, IfNflsfXf A * [,E* a -E>, 3 , e, h • i • \ • j • B"u-{, af Af * f Sf J, ©, ? • a -£, 3 , e, hf_f Cf Y * a —±< U, E 
,",<:,A*A,a'^,-* a -£, 3 ,e,efNflsfXf A * [5,E'®, • , e • a -±< U • iB . 
japonicum* j,f*Af A fC,E, I,U,E,n,Q, C,E 

,$,E- 1, | , g, e,lS.Bf A fC, I f_f Cf Y • a —±< U, A, I*" 'iS,-*oCE», p, IfNflsfXf A * [ 7, I • a -±< U • iB . 
elkanii•j,I • A 

f§f* fNfgfE • *t$b< 0, A f l,U,JE,n, g* a —£, 3 , e, E, ©, A, Bf Nf IsfXf A • [ 1,512, t • Af A f C, If_f Cf Y* U, JEf Sf f fN 

f gf E ; *^*-±< U, E, E< n' E, p. A* o(E», p, lS*B 

,R-DfNffcfXf- A * [2, E '®, • , e • a —±< U, E, A, 0, A*UZi ZZCE±, 5 * s, A, is, E, ±, e • Af_f Cf Y, JEf Sf f fNf gf E, I-y 4 *u,E* a 
c—±, S(E' • i, ■, e *L*hZa"ffi, I • a — +< U, a • o(E», p. Vs* iZE« A • j *B 

•u^ssE, IS'— p-E*E— _ "0"_*v 

• @f_f Cf Y, afSff fNfgfE, I * a -±< U, S'a"' "I&S* I,E,ae, e* 3 Sm, E • a —E>, A, «*A* a -±< U, I< USw"I'E'u. A, ' , S- 3 / 4 , ? 
, ©, E, ■ , e, E, E, a, E(E»• e. A, I— LCE 0 * a —±< U, I • a — P, ES'—p. A, «, e *B 

[<ri“i/f.[/A] 

□ »)*A»\*AZE» A 


• U, », i 'Vi* V 

• @CEn< flsu 'e-V 4 * Ff A f C, E, ” , " , eBradyrhizobium'® • a — ±< U, I 'a"' "I 'Vs—1 •« 

•@-\ZZ<ae* a *FCEo*X*@*@ *@ *@ *@CEn< fSuSO *F *Vs* ’’,T"N"x* i *Vs* R* ' ,T"N* j 

• @CEn< f ' S"-ZO *F'A" ; *U ' 3 / 4 ~Y *A—Fs5 a CE >*F • i(E»* Y* 1Z 'CEn *j*A'°*a*q*l* iCE» • YSetoee' 2 *® • " • j • A°si ; ZR* 3 • i(E» 
•@*@*@*@*@*@*@*Y*fZ 'CEn* j 

• @\~_* SI"™*F'A" ; 'Vi* il994 • j *F"M 'N, IBradyrhizobium'®• a -±<0,1'a"' "I 'Vs-1*« 

IGEfVfS*[fY 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah56.html (1 of 2) [10/7/2002 9:59:16 PM] 









@•@•@•@•@•@•@19 • A"(E-k 'aSw' 


a"' • 1 'OCEn< ffZf"f A 


•6 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah56.html (2 of 2) [10/7/2002 9:59:16 PM] 




CEn< t • -i tsE • i • n-V 4 ■FS£'t'n"ye,i-I--'< @A, JE"A •«, its 5- 3 4 

■u-v-n-v-@-@■ @ -Ffgf< ftf@f"S£ ' f' n"y ■ e, I ~e"E, E • 1 • - 1 ■ IsSu' iSK, E, ,e-B-L< @ ■ "SU-E, I' a, --C 

@-zfCf If", a 'H, C, ±,/K, a "A' ¥, A, , e*B"y*I*f*^ r E r I'nCE' , a < -SO- A ,p,A, C, e-B 
-@-@-@-@-@-@-@-@S£'f< CCEo, I,l5,B"ye' t, E •I ■ a ■ u, A U"®, p ■ C • \~E, Els—P,3-W-I, -,e-B ,E,~ 
-@-@-@-@-@-@-@-@,E' nts° •... "E, I •, , C,iE,±,e,A, I-fiTO, Els— P, a -W-I, • , e-B 
'S"--e-S-E-"-@-F- '-U"_-N-...ZY<.KEn< ffZf"f A - [ 

~A-@-@—• -@-@-ae-F0298—38—6306-@'t * v feESwts§ • Vad-1 • ""y • e ■ »"™CEn< f -S 

• " • § • @&x - @ - @ -V *■ F • ' -U"_< E -E ' ■ ■ f "_< £-E"_< £SA< «it 
•e•@•@•@•@•@-a•F"y•e"i —i 
'I-@-@-@-@-@-U-F- a -@-P 

■ u"wCEi -E, E, g, C - v 

'n< ...-a, IS£ 'f' n'N, I 'S-n' n, I1/3,3■e,B,e•B,»,iZ©'R■ 5CE ■, I • CS£ ' f ■ C • -tsJ- C< ----CssA< G, I -, 

Is* ,jE"~< G, t f ats* ,E, g"n-l, ECEp, p, C-B,U,VS-C- lCEu ' • ssA, t A 3 — I, ItsflS J"- • Ctsft • u-q, E, Q, E, £B, e • »"™ls» • C 
"y ■ e, Its—Pts», 3 " 0 , «< N, • Se(E~ ■ «, 5 •, , B, A, C,e-B,±,I,ae, a,E , n"ae,E,", _ ,eZ- '±"I"_< 5IS J"-, isi 'b 
"I'mCE©, 5" 3 4, e,^,B-C"_< JE-1ZY, ISi" 6 , A, , e"y • e, I • St • “■< @-\, JE"A-«, 5- 3 4, ?,©, E, • ,e-B 

I"a—e • E"A' ¥ • v 

' tfc >f Af Wf A, iS£ 'f' n"ae,E '®, • , e't • ' - Vad' n< ae, I-Ctsl-i, a — 'n"a,A-AZ s , • , e-A-^CEn, I 'a--', i— 

' n,©, g, E, e ■ B, », I"T(E A , A, , ef gf< f tf @f n< ae, i"y • e' 2 • 4 , 5 ■ s, <? "Ets° , I • “ i tsE, 5" 3 4, k;-B 

' nCE' , I ■ CZR' n, ©, g —' n' Its > ■ " ■ i • A' a' n • j, ECEu, ©, A,A-C- A -I- _ 1 -i- 6 , n - \S±Y£ZOSp■B• \ls«-1 -^CE " 
-\CEI,JE,E,A,A, l r,e-B,»,e, Etsz, l,A"y-e, I • CSCE-F • >>"™"y -\Y 6 Yo • k• i"y • \Y 6 Yots<<• I"y • \ •...•-■"y • \ts- 
—P"y • \fe-"D,H• Ils», • , e-B'' f-E"-' B, IZa, C, a, I, a 'f4, - • C"y ■ e ■ 1 ■ ~>tsB' 6 ,I-feSu' iSK,fi, , e,E, C, j , e-B 

• i' [ • t< B, ©, gts« - I'n, a Za, E"_< iE'n'N,A-C-l A x"y - e, a -L, a ,e-B 

"y-e, i"^°ssz, I 'te, -, IpH 8 • ' 9,E-, , - • C • ...-n ■ «, E(EdS • ■«, Iss-SiSD-E, 150 ■ ' 200 me/lOOg,^-, , --C-L 
< @ • "SU-E, I< Y < < —E, a ' a, -• a ls3, a ' _l , ^,^,J5-\'w,A,al %< -, E' a, <: • B - 3 < @ • A- "-{ • a , I - \ - a , ,e,E f $, | 
,e, a -C f E-i,I 'h, •, -i, A-i'' [ -1< £>, ass« ■ i ■ H(E ', E, t% —P"y, a ■ 1 p. A, , e • B 

si —P"y, I-C< E' [, ES£ ' f, I, 5"y ■ e ■... • a , a ■ a ■ u, E "U"® ■ 6 "-, p ■ C"y ■ e • \-E, fils- ■ a , 3Zc,p,^, a, i, A-C 

'n§s° - ... A E, a 4-" 6 

m, ce, e ■ 6 , , ^ss—Pss», 5< N, ±, • -BIsA—n ■ «ls-, IZa 'I, I ■ Cts-!s»f if gf SfEf€, A, , e, a ■ C‘e 

• ", E, I"-r• St • "S~"®, E,ae, e • EZ_Is—' n 'N, a, ,e-B 

"y •«, I • l" a , A, I ■ Ial, ©, ?,E, e, a ' a' ri, U, ? • x-±Z^, E, E, e ■ Cak-§, ACE~ • d, E"y- e, a <: - B-B"y - e • \ 

,IZa,-•C"S"y,I^U"®-W-I, I'f~&* 2 ■ a ,A,I"F,B,?,e,E,©,A,B 

"eZY-z-", I-ilsp ,E’ • ■ I, 5Za, iE, - ,e, a - C- d- z ■ ", aSU,U, e,A, C, e - B"S"y • z • ”, IfXf • fNf A f Cf g, 3' t-S 
,E r \x, VisiR’—°si» -«-z-",3'^,-SU,n,A, ", e-C-o- Y"i—€"x, I •, , $, E, $, |,e-B 

"E-a, I,«, n, E ■ Cf gf < ftf@f"'n<$, I"y-e, I •—ts»-!-“*j, I-ssSu' iSK, E, , A, A- o • Y"i—€"x, a -,,--C-...,E 

, ?, I 'V 4 , I-5CE-, a - ®, | , I-g-D, E"_.k'’n,JE,E,elsA"\.«, a , , e • B, 3 4, p • Css—Pls», a ■ —• H, E, g, I' jSQ-v A o 
, a'V4,--C'- -f"I,E'i- 6 , a ■ K—v. A, ,e-B 

■u-^^E,IS"—p-E-E— _ "0"_-v 

S£'f'n, I"y-e, I-A-"—{ • a SU-E, a -,,<:, a -C,±,e, I S£ ' f' n"A—L, i"y-e-... - a , a - a-u,E"U"®, • , e,E, C, n 
"A •«, I- -0,p, A, , e-C"y-e, ils—Pss», ISeCE", f -f,E, , e-B,±,e, I ■ s-p"0, EYoYo"r •E, ae. A, A, a< N, ± 

, e - B • ] , A, A - Css—Pss», I' o"x, SISeCE" • «, 3 - f, E • 1—1, ■, e -K—v, a , , e - B 

■ufL•[f■•[fh-v S£' i' n"y■e■C"y•e■1•^•C"y■e"A-«•C"S"y■z•" 

[<ri“i/f.[/A] 

l l ’n(E' ,iE“y»e“A»« 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah57.html (1 of 2) [10/7/2002 9:59:18 PM] 










•u, », I 'V*» v 

CEn< f IsU ' e-V 4 • FS£ ' i' n , I •..."®'6 • E "y • e"A • «, I%id- 3 A 

—\ZZ< ae* a • FSA< «Z 'CE 1 CEn< f< @SO*F.^.->, T"N"x-1 • ° ~a, U, R"N • ' .fc.-i, S"\- j 

CEn< f' S"-ZO* F' t"a -M-Caea<MSC 

"—•\•I"™ • F' t ~ a -M (1991) ' t- i-»"™-a'e-C-\f A fNf 0 s-cf } f 
’ n< ...SA< «, N< ^* C— {CE«" ° *Cpp. 171-192 

* f'a -M.Eaea<MSC (1993) Jq/< ft/@J " f n< as"y • e, I "S"y • ^ “ "A •« 

* t< n"-(En< f *•**»&£"-’Ssi 1 • W* C"MCEn . Cp . 70-7? 

M. Nakai and Zhao Gu.i ha Si ..(1 993) Clay Mineralogy of Soils f rom 
Turfan,Proceedings of the International Workshop on Classification 
and Management of Arid-Desert Soils, pp.116-119 

't~a -M (1993) ' t • IS£ ' i' n"y • e, JEts— P%i» ' I • 6 • C • »"™—Iss», I*A'0*u*C 

•V"u- {•o"A*Cpp.83—110 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah57.html (2 of 2) [10/7/2002 9:59:18 PM] 



CEn< t 

-i 

oE 

i 

h-Vi 

Ff A fC,E, ”, “ , ef gf Ef Kf tsfV< y, Nf Ef StsE-i • 0f Ef Cf < fX*a, i Z A ' Ofea -h , /E • k Z i " T 


@ 

@ 

| 

@ 

@ • @ 

@-h*oe-@, iSJ"- 

• m- 

-v- 

-n 

n 

@ 

@ • @ 

Ff A fC, if gf Ef Kf ssfV, 3!f Ef SloE —i • 0, E" - • SI, • , e • d-vf Ef Cf < fX*a, izi-E> (f' fS 


@ 

@ 

@ 

@ 

@ • @ 

@f"fFfCfif< f, fbfgf < • Af Lf...fEf Sf,fUfCfN-Afpfpf Cf„-0-a-AfYfbfL. [f jSs© 


@ 

@ 

@ 

@ 

@ • @ 

@"Af, f Uf Cf Nf Ef Cf < fX) ,JE-«Zi,3- 3 /4, g,©,E,p*A' i*R*«»iZi, ifXfNfS* [f jf"fO 


@ 

@ 

@ 

@ 

@ • @ 

@,JE,JE, a, E • AfXf Lf€f ~f < fN< y,NfVf< fo* [f }f< f' "™, 3—p, £, A, I *kZi"I-h*oe-@ 


@ 

@ 

@ 

@ 

@ • @ 

@,iSJ"—,3*s,A,^*B 

' S 


e 

S 

E 


F* ' *U"_-N*...ZY< lECEn< ffZf"f A * [ • @ • SIZY-~-p • " • @ 

~ A 

@ 

@- 

-• 

@ 

@ *ae 

■F0289-38-6307 

• " 

@ 

@1 

-si 

@ 

@-y 4 

* F • ' • U"_< E 

• e 

@ 

@ 

| 

@ 

@-a 

* F•i •"• aSQ 

'I 

@ 

@ 

@ 

@ 

@ - U 

■ FIsE • 0—E> 

• a 

@ 

@ 

@ 

@ 

E> 

* F, $?' 

• m' 

'wCEi 

•E, 

• E, 


• n 


•@f A fC,A, i<fi"N*A-i*0,E,g,i*SI'N*H-i,E'I, •,eZu-v, a < }CEf, E ' • 'a, p, A, <?, e, a *A A e"N. f 3' E, SI 
,A"-*SI, • ,efEfCf< f X • a, i,fc,fi*A, », i"A' e"T< Y< < , a jSQ, 3 , e • A(E»' n. A, I • aSQ-h *oe, I-U 

"I, A—1 • X, E"_-o, 3ssii • e, EZg—p, • , eCEXCEu, a , , e*B-{CEn< t. A, If gf Ef Kf ssfV, £f Ef SssE-i • 0, E • A"_ 

, 3,p,U, e*A"--SIfEfCf< fX, I Zi—E> • A • a *z*A*SI '6, 3- 3 4, g,©,E, • , e, JE, E, a,E"_-o,E-S, g, E, C-h*oe 
,il'oA"\*«,a , ?< *,p,fc* B 

•m• -l tsE, i"a-e*E, E,g,£ *n 

f @ 1380CEA 'I, if gf Ef Kf ssfV—1< y,N635(EA'i, IfEf StsE-i *0-tZZ-i,, 3' 2 • ., p r h, M, ±, '<§ • Af' f Sf"fF 
fCfif< f, fbfgf < fEfCf< fX (CVMV) *AfLf...fEf Sf, fUfCfNfEfCf < fX (CMV) •AfpfpfCf„-0-afEfCf< fX 
(PRSV) , a -,-| , E"-*SI,p*Af A fC'S"y,E"iSQ,3<y,U,iJ,A, $,e,±,JE, 3- 3 4, g, ©, E, p, ^ • B 
fA CVMV, CMV, PRSV< y,NfYfbfL* [f j&©"Af , fUfC/NfEf Cf < fX (ZYMV) , 3 • a -£, p • " • «Z<L, 3CE" ' e, p, fc • B 
•@"A,ECEf ,p, £*a' ¥, e'as, • ZYMV, a • a -£*E"“' e, 3 , e, fe, I , I • Af A f C, A, I , ±, e, a *A*fs, A, , e(ZE* A ) *B 
fB Se • a —£f Ef Cf < fX, i-±Zq, E 'I, • , e • RCECE • ', 3fdE"e, A* i •», p, ^ • B 

iC 32*iZi, IfgfEfKfssfV, i, n, - c VC 16a , E Kheenoo Ubon , a • A, U, ^8Zi-E>47 • iZi, if Ef StsE-i 
•@•0, i, n, ^Pollekf Lf ...f Ef S, a *d-vfEfCf< fX*a,E' i*R»«, 3—L, • , ±, JE, 3- 3 4, g, ©, E, p, fc • B 
fD f gfEfKfssfVfEfCf< fX*a, i • kZi"I-h*oeZZCE±, a • s, A, fc (ZE' Z*UZU*z, ISp • s"_-o< as, i, Yl*TSO, " 
•@, «*A'V4,I2*TSO, ", «) *BfXfLf€f ~f< fNZU* z< as (2%, l*TSO, " , «10s'onZU* z) < y,NfVf< fo* [f }f< f' 
•@<as(ZO'wftfBf< f€) ,A, ifEfCf< fX*a, i"-*SI, I—} •§, 3 , e • AZu-E, a 'H, ©, A, *4 (• } 1) *B 

•m• -l tsE, is"—p-E*E-“ "0"_* n 

f@ • i •», p, ^ • RCECE • ', I .Af A fC"_<jE< ?,E*Y'u, 3 ,e,^CE(E* '< a • s, 3'E, SI, A* Af A f C • '"a, iso-] ZO, E • a 
•@ •£, 3 , e,A, C, e*B 

fA ZZ(E±, E—p, f ,^SeZiZ '•&, i,U,IE,n,g, XCE»' n. A, a-e~0, E"iiZe, A, «, e, i, A* A" Ass , A" A 'S, EHa *oe 
•@-@,/E, p,A~e"E"_feffi,0,i*•< y, a Su '6, 3 ,e,e•B 

[< l 'i"Iff • [f A ] 


•\ 1 f A fCSe'n, if gf EfKffsfV, E"- • SI, •, efEfCf < fX • a 


„Y„Y„Y„Y„ 

,Y, 

,Y, 

, Y„Y„Y„Y, 

,Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„ 
-0ELISA 

Y«Y„Y„Y„Y„Y„ Y„Y, 
, A, iCEY • oCEA ' i 

,,Y, 

,Y„Y„Y 

„Y„Y, 

,Y„Y„Y 

„Y„Y„Y, 

AMV 

,Y„Y„Y„Y„Y„Y, 

CMV CVMV 

,Y„Y„Y„ 

PeMV 

Y„Y„Y, 

PMMV 

,Y„Y„Y„ Y„Y, 

PVY TEV 

„Y, 

,Y„Y„Y 

TMV 

„Y„Y, 

ToMV 

,Y„Y„Y 

TSWV 

„ Y „ Y „ Y „ Y „ 

,Y, 

,Y, 

, Y „ Y „ Y „ Y, 

, Y „ Y „ Y „ Y „ Y „ Y, 

, Y „ Y „ Y „ 

Y„Y„Y, 

,Y„Y„Y„ Y„Y, 

,,Y, 

,Y„Y„Y 

„Y„Y, 

,Y„Y„Y 

CEA ' i • " 1 ) 

1, 

.380 200 

368 786 

34 

4 

336 164 


67 

54 

16 

„Y„Y„Y„Y, i 

,Y, 

, Y, 

, Y „ Y „ Y „ Y, 

,Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„ 

Y„Y„Y, 

,Y„Y„Y„ Y„Y, 

„Y, 

,Y„Y„Y 

„Y„Y, 

,Y„Y„Y 

CEY • o— | (%) 



14.5 

26.7 57.0 

10.0 

1.9 

24.4 11.! 

9 

4 . 9 

3.9 

7.7 

„Y„Y„Y„Y„ 

,Y, 

,Y, 

, Y„Y„Y„Y, 

,Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„ 

Y„Y„Y, 

,Y„Y„Y„Y„Y ) 

,,Y, 

,Y„Y„Y 

„Y„Y, 

,Y„Y„Y 


AMV:±ui§ui§0»E> 2 , 3 2 Uf4n CMV: • - 3 0O»E> 2 ^ 3 2 U^a CVMV: A0 3 E> a 2 AUO“AU 3 2 U^np e MV: 
115 “Eli °0»E> 2 ^ 3 2 Ufin PMMV: ili“Eli°i 2 UAE>6“AU 3 2 uf4n PVY : 2 6 3 2 Uf4Yn TEV:AEE>°'“A 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah58.html (1 of 2) [10/7/2002 9:59:19 PM] 











3 2 U^h TMV:AEE>°0»E> 2 , 3 2 U^n ToMV: AIAO»E> 2 , 3 2 U^a TSWV: AIAss©^, j , » 3 2 W4 
,P*j:f A fC,I 13 ,ICE§,A*i-W 


• \ 2 f A fCSe'n, IfEf SssE-i *0, E" - • 1, •,efEfCf< fX • a 
„Y„Y„Y,,Y„Y„Y„Y,,Y,,Y,,Y„Y„Y„Y„Y,,Y„Y„Y„Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y„Y,,Y„Y,,Y,,Y,,Y„Y„Y,,Y,,Y 
.@.@.@.@.@.@.@ELISA , A, ICEY • o(EA 'I • "< y, NCEY • o— | ,P» j 
• @ • @ • @ „Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 


• A • "-Vi 


CEA ' I • ", Q • j 


CMV 


PRSV 


ZYMV 


SqMV 


CGMMV 


„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 


fLf..JEfS 

362 

•@144(39.8) 

124(34.3) 31 (8.6) 24(6.6) 

3(0.8) 

fJf{f'ff 

102 

6(6.0) 

■@63(61.8) 1(0.9) 8(8.0) 

1(0.9) 

fwf'f} 

97 

11 (11.3) *@ 

39(40.2) 11(11.3) 6(6.2) 

5(5.2) 

fgfEfK 

51 

2 (3.9) 

12 (23.5) 1(2.0) 12(23.5) 

1(2.0) 

fjfKfEfS 

23 

0 (0) 

4(17.4) 2(8.7) 0(0) 

1(4.3) 

„Y„Y„Y„Y, 

,Y„Y„Y„Y 

„Y„Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 

„Y„Y„Y„Y„Y 

• @ • iCEv 

635 

163 

242 46 50 

11 

„Y„Y„Y„Y, 

,Y„Y„Y„Y 

„Y„Y„Y„Y„Y„Y„Y, 

,Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 

„Y„Y„Y„Y„Y 

r •: CMV:■ 

1 - 3 0O»1> 2 

, 3 2 U^n PRSV:E5E5 2 6-0-a 3 2 U^a ZYMV: HP ~ • E 2 'U°0»I> 2 

, 3 2 U^nSgMV 


; , 3 2 U^n 

CGMMV: •- 3 0-1"AO»P 2 , 3 2 W4 


,P*j: ( ) 

=(EY • o-1 

, ,Q-j: f A fC,I 

10 ,ICE§,A*i*W 



Q 


ZE • A , P * a -£,iZYMV , ES ' • 6, p, lifjf { f' f f—t, I • a' ¥ 


• },P*@SeZiZ ' 'P, IfgfEfKfoofV, IfEfCf< fX*a,E<y,U, *&e< £. 

•@•@•0' . • @"_-oZU• z *p"x• FSp• s< as, I, Y-~ »T*A,», I 'V«, ISu-T-B 
l<ae20(EA'I-B2"fe»ce, I»fe< I-B 
, Q • j l<$20CEA'i*A5°o'onZuSn*B2"^*oe,i* : ^< I-B 


•m, », I 'H"A< LZ— •€ • n 

CEn< tfcfl'&-**.Ff A fC,E, ", ~ , e-i *0f EfCf< fX*a, I • SI '6, jE-h*oe 
—\ZZ <ee • a • FCEo • i 

CEn< t Su s6*F*^*-> 5"N 2"N* X 5"N) 

CEn< t ' S"-ZO•F—i"c•g 'a~e•AKruapan Kittipakorn•APan Inchan•ANualchan Deema*A 
•@•@•@•0 *@Laksna Wannapee 

• \SI"™*F1) Studies on pepper viruses and screening for resistance to certain 
pepper viruses. Proceedings of the 31st Kasetsart University 
Annual Conference (1992) . 

2) Distribution of cucurbit viruses and reactions of some cucurbit 
species to certain viruses. "“*a(1992). 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah58.html (2 of 2) [10/7/2002 9:59:19 PM] 











CEn< f .->loE»i.n-y4.F"M'N"^, • , u%zE' {f< • [f-f""a, I '@~U• a t-o5< U, ICEY-o, E, », i"A-« 

@ -Ff }fCEfCfVfA, I-...< • ,£fPf_- [fPftsf"f A f"< •, If < • [f -f""a,ae, e'@"U• a ts5< U • A 
@-@ftf@fCfuf-fofNf A -[•@fTfNfVfmfWfFflfX.Af<f-fmfRfbfJfX.@fAf<fufX-A 
@ .@f< f-fmfRfbf JfX- @ftfisf"fFftf SfVfGf "fX, 5- a -£, p,^-B-@< U, I '@ ~U- a ts5"\ 

@ • @, I *—R— A S", I-U, a fPf_- [fPflof"f A f"< —KKS",ae, e, a< —I, A-A-, -p"x, I 

@ • @CEp 'a" | —{, A *, ,‘U, e-A < US", I-U'SI, I-UZ-, S"x, A, Pf J(EZtsA"\, A, , A,^-B 
, »F • ' • U"_—N • ...Z Y< MEn< tfZf"f A - [-E' {ZY'-'n-" 
ae-F0298°38°6356 

•"•@*@t'oi*@*@-V4-F / {ZY-A'-'n 
-e-@-@-@-@-@-a-F' {•@ ZY 
'I.@.@.@.@.@.U-F"u-E"F<• 

- a -@-@-@-@- @—P • FCEn . @ < f 

[ "wCK i • F;, F;, g, C] 

• @"M'N' n~ae, E, I"i A g, I-s-\• a , EsiE' {, a --A"A,E< •, Itsh-{ • 5CE-CEu • a, I, 1J, E, I - A, », ±.A&» 

•1—< @ " \, ECEW, 1, e f < • [ f • f""£ • 1 • ", I • «Zi -E-5S,,, 8fc8-fc, p • A" 4- • 1 • " 'S, itai 'P, 5- } ,e,±,E, a -d 
—v. A, , e -B A e • u • A - ...< •, I1, E • 5(E-, AZ"—{, 3 ,e,A, C,e,E,a,©,©, l,g, t • A"i A g • a, I-a 'e"_, I 

• E, C 

•B,±,e, I-...< •, if< • [f-f""4--f • " -A" A, E'@ ~U• a ts5< U, a 'eZ"-<L, 5,ae, e-LCEo, E—p. A, «, e,^,B, A 
, , e, /K-l, |,g,e,e, a -A, ±,IZl, ICEn< f, I-w, Q - s, 1, e, A, $, fc, <? • B, ±, 1-1,6 '@~U- a t'o8< U, ICEn< f, a • A 

"M 'N' n~ae, I"te, • , nkE' {, I • 1ZY• «CEu• a, E-8-§, A, ESu '6, 3 , e, e-B 

•@ 

[ • _l lsE, I"a—e • E"A' ¥] 

t §*...< •< y,NfPf_- [fPffef"f A f"«i, j, j* j<*,ae, e'g^U-*&8< U-AftfgfCfuf•fofNf A • [ • @f TfNfVfmfW 

• gfFflfX-Af< f-fmfRfbf JfX- @f Af < fufX-A- @f < f-fmfRfbf JfX• @ftftsf "f Fftf @fVf Gf "fX, a • a — £, 3 

• g, e • Af tf @f Cf uf • fofNf A • [ -gfTfNfVfmfWfFflfX, a • A—D • " • i • ...< - -F'- • a -£S", P, P, PS'" t,X,PS" 

•@ •A-@,/|, gx - - F ' • • a —£ S",P,Q,US"' t, W, VS" - j. A, , A,^-B 

f A • ...< •—R—~< y, N, j, j-R- A , If tfgfCfuf -fofNf A • [•gfTfNfVfmfWfFfIfX, I"-• y • 1ZY • " , I 'fc-E, I - | 

• @Z_, iEf Rf nf NZ_, 5ZY• «, • ,e,E,$, n"_, E"~ , I, A, , A, Vt, a -A-...< .-R- A S", I, , e, a, I, t-E, I"uZ_ 

•g,JE--Z_, aZY-l,p,^-i-\,P-j-B 

f B '@ A U• a sid"\-t , f • ...< • —R—~S", I -u, a - A, < • -R- A S", se, e, a< — t , A, , A, i• \, P B 
fC 'ru- a lsS< U, I -ACEp 'a" |-{, 5-, -p"x,E-s, n,U, ? '@ A U- a sid"\, a •, "x,E"-CE», „, - i - }, P - j - B 

fD'@ A U- a ls5< U, I-A-UZ-, S"x, A, S-TSO-I 'l,p,©,A'@ A U - a sid"\, 5-L, ■ ,e,±,E, a - 3 4, g,©, E, E, A, ^-B 
-1. - }, Q * j • B 

f E ~U- a erc5< U, I • AtsA—n • «' Y• ...&» • ""A, EfOf< fR- [fX, IZg-p, E, $, e • A-@ '@ A U- a °sid"\, a ' ~ , p, a°si° 

-@,p,^-B 

[ • _i o 5E, is p—E • E— _ ~0"_] 

• @ • a —£, 3 , a ls5< U • A"A, E • ...< •-R-''S", f,±,e,U,A-*-i-"- A - a -£, 3 , a, I, E^U, E, e • " 

• a , a -L, e-ASw-a< y,NZY< JE-E, A*fc,-Zg-p, 3 , e, elsA"\• «, a , , e • B • @"A, E-AftfgfCf uf • fofNf A • [ 

f TfNfVfmfWfFf If X, I,±,e,U,A-A,i, ,©-"S",p,© - a -£, 3 , e. A, ", g, , -ASl 'bCEn< f, a -s-\- a ,A, ,A,^-B 

[<i'I"Iff- [f A ] -@-@ 


•u—v-n•v•@•@ 

.@.@.@.@•@.0 
• @•@•@•@•@•0 

• 0 * 0 * 0 * 0 * 0*0 

' S"- • e • S • E • 
~A-@•@—••@•@ 


• \ , P -D, j, j< • •, If< • [f • f ",©, g - a -£, 3 , e, ^ftfgfCfuf- fofNf A • [ 

@•@•@•@fTfNfVfmfWfFflfX,I"-•y•fZY•" 


„Y, 

,Y„Y„ 

•@-@- 

■ Y„Y„Y„Y, 

,Y„Y„Y, 

,Y„Y„Y„Y J 

r,Y, 

,Y, 

r ,Y„Y„Y„Y„Y, 

"--y-IZY-". 

,Y, 
* i , 

,Y„Y„Y„Y„Y„Y„Y 

■ -,!• j — 

„Y, 

r ,Y„Y„Y„Y„Y„Y„Y„Y 


•@-@. 

@-@ 

„Y, 

,Y„Y„ Y„Y, 

„Y, 

, Y, 

r ,Y„Y„Y„Y„Y, 

,Y, 

,Y„Y„Y„Y„Y„Y„Y 

„Y, 

r ,Y„Y„Y„Y„Y„Y„Y„Y 


•@< US 

I" -@-@ 

-@, 

• |Z_-@-@ 

-@, 

•@ 

• @— •Z_- @ •@■ 


•@-@fRfnfNZ_-@ 

•@ 

• @@•@"uZ_-@•@ 




„Y„Y, 

,Y„ Y„ Y„Y, 

r,Y, 

,Y, 

r ,Y„Y„Y„Y„Y, 

,Y, 

,Y„Y„Y„Y„Y„Y„Y 

„Y, 

r ,Y„Y„Y„Y„Y„Y„Y„Y 

* j« 

. j< * + 

• * j 

ri,j< 1 


] 1 

■ j 

, j< • • ,i • ...< • • 

' j 

. j/ j< * 'l*-< * • 

j* 1 

2/ • * j 

„Y, 

,Y„Y„ 

■ Y„Y„Y„Y, 

,Y„Y„Y, 

,Y„Y„Y„Y J 

r,Y, 

,Y, 

r ,Y„Y„Y„Y„Y, 

,Y, 

,Y„Y„Y„Y„Y„Y„Y 

„Y, 

r ,Y„Y„Y„Y„Y„Y„Y„Y 

a 


(112) 

5.0 

(10.1) 



(1.3) 


9.2 (11.5) 


( - ) 

Z 


(116) 

5.2 

(7.3) 



(0.6) 


8.7 (12.7) 


(1-2) 

b 


(123) 

4.9 

(6.1) 



(1.2) 


8.8 (12.6) 


(1.1) 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah59.html (1 of 2) [10/7/2002 9:59:20 PM] 























7.9 

(11.9) 

- 

(1.2) 

7.7 

(12.7) 

- 

(1.7) 

7.9 

(10.2) 

- 

(1.7) 


( 0 . 6 ) 

( - ) 

( - ) 

f„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 
fZf< f- • [fXZt,3SU,E>,P,0, • ,CE, IfXfRfbfg^fffzfSfe- [ 
[, 3 ,e,^-B-@'@~U- a ssS"\, I*, , C ■ t,E,», e, H, e,US",3-A, x 

«| * i * @^ • B 


(127) 

5.5 

(7.1) 

(126) 

5.5 

(5.6) 

(114) 

5.0 

(8.0) 

Y„ Y„ Y„ Y, 

,Y„Y„Y„Y„Y„Y„' 

r I,R,0, •, 

,i,If-fbfgf}f 

r n. A-UZ■, 

-R,X"x,T"uSO" 


□. 


,P*A*},Q 


■ @CEn< ts'cU'e-V4-F"M'N"^, • , n{, i"A^U"I ■ Aero»< @"\, i%id- 3 A r E-~-p 

• @—\ZZ< ae- a ■ F • '-Ufvf •-,n<@"\.n 
■@CEa< tSuSO-F ■ ^ ■ “iCE 3 "N • [,T"N 

• @CEEt< f' S"-ZO-F-H" j • @"Z-Af }fCEfCfVfA"_<5;'aSwAf Jf • EfCEfXf uf Sfbf a • '-§CEn< f - S 

■@"—•\~_•1"™■FKudo, H. et. al. , 1993: Comparative study on cellulolytic bacteria 

isolated from a cattle and water buffalo. Review. In: Microbes in biotechnology. 
Malaysian Soc. Microbiolo. and Universiti Pertanian Malyasia: 51-62. 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah59.html (2 of 2) [10/7/2002 9:59:20 PM] 








• A--'"D<P"u—I$*i*„'e* j .@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@,p,Q,T"d 

• A• -i• :fefen• a • 0"u—B • i • „' e• j • | ,Q,T,W"u 

•A'Z"D•PSuSOQ"u 
• a -OSOSu-@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@,P,R,S*},Q"u 

• oZYCEa, I-A' ZCE5"o< L~ A • iCEa • a •0"-«i, I-L- 3 a -i-L* j 

Zo* a , i'. 0 ' xts„ 

ZYZe 

—£"u,u,a, i-cz-ze-s-i 

„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 
' • -D< L~ A , If }f(EfCfVfA"_< Al'aSw, A, I •“'CEFfP- [fW"a,A, I Z { , ESI, A, - 

[,»,i'V4] 

•@(En< f&u 'e- 1 / 1 .F"M'N"i4, • , {, i"A"U"I •Ass»< @"\, i&3- 3 4, ff-'-p 

• @-\ZZ<ce. a .F. ' • Ufvf • -,n<@"\.n 

•@(En< tSuSO<F.^.-'(E 3 "N- [,T"N 

•@(En< f' S"-ZO• F• H" j -@"Z-Af } fCEfCfVfA"_< I'aSwAU' {tsq • fZZCEi • e 

••\l"™-FKudo, H. et. al. 1993: Reproductive performance of captive lesser 
mouse deer (Tragulus javanicus) in the laboratory of UPM. Malaysian Soc. 
Asim. Cor.f., Jus:#' 8-9£ p|ulai2 I.#r.gkwa i, Maklaysia, Proceeding: 169-170 (1993) . 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah510.html (2 of 2) [10/7/2002 9:59:22 PM] 






































CEn< f .-ilsE.i. n-V4*Fa^*--"z 53sA "\,JE, ■ , e, v, ~ f A f "f pf NZi,, SCEfZ , , p, 54*f; A ft'I, I"-CE© 

• u—v-n • v *@ »FfAf~f• • [fX.-. vKSOGIW, •, e, v, ~ f A f "f pfNZ.|,,, ICEfZ , • «, 3*PSE, I-#-'"z ' a"' 

'CE 1 ,5—p, f,A- 3 4,p,©,E,p,54.B*V,p,-"-CE©, 3 , e, IgEtZ , •I'U'I, J • Aa-r • - 1 " z 
.@.@.@.@.@.@.@.@.@ A g.-i, QlaA" \,E,p,54*B 

f S•e•S•E•"•@@•F• ' •U"_-N*..jy<MEn< tf Zf "f A • [ • Ets«"eZx • S • E • C 'a '£*iCEn< fZ° 

@.F09808-2-2306 

• " • 0 • @ssi • @ • @-54 • @ • F • ' •U"_<£ 

• e • @ • @ • @ • @ • @-a • @ • F ~ a"' Z 'CE 1 

• a • 0 • 0 • 0 • 0 • p . @ . F, Q 


• u"w(Ei •K, K, g, C • v 

-E-p I • ,*«iZi,ls»,^ ", C,A, t *A-E, I "S' e*«, 5*, , ft, e, +,E, aA e, A, I&U 'e, A, , e*B*->"z"b 

• 2 ' t, ifAf~f • • [fXSU-E, a 'a, f ,U, g-E, i"S' e•«, a ' •, p• A* H- ; , a ,ae, E, e, E, 3 , e, A, <:, e • B- {(En 

< t. A, I -AfAf ~f • • [ fX • + .-!, ESO,i,e*y'f, A, , e,-, v, ~ • jf A f "fpfNZ.£, I • ~>"z A a"' Z 'CE 1 

£jg, ", ", eCEfZ rf Qf < "d< Clsj"®-@ *i, r, c,r* |,o,',f, d* j, j£"nZYCE 3 "d< C!sj"®-@, 6-p 

, $,ASs5» I, p,^*B"A, E*Aa£* ~>"z SioA"\,JE, -,e«V«I~U'i, i"-CE©, 5, ft, ',p,^*B 


• m• ~<SsE, I "a e 


'A' ¥ • n 


.0 .i"z,E, I, RZi—E>, I, v, ~f A f"fpfNZ£, *i, v, ~ • | , ' , P • A, v, ~ • | , a,P*A, v, ~ • | , c, P • j , a ' 1 • Y, ■ ,e*B 
, p,54, a . A, A* A Se, v, ~f A f"fpfNZ^, I L 3 , E S i , A, ~ , I • A • ->"z , 5 • \, P, EZ | , p, 54, W, A, I, ", ™, ♦ ,...,£ 

• a -S>, A, «, e*B, ±, I, n, L .A, v, ~ • | , ' , Pf A f "f pf NZ i , 5CEf, - • ~>"i , f fgf< fR»A"u-{, ", ae, N' © 'ISTH"*, E"a 
Sr "I •, *p"x,A'l*Y,p,^*B,v, ~ • | , a, Pf A f"fpfNZi,, dCEfZ ,, p,^.-i"z, f f I • ffXf gf °ssf SfA, JEf Cf"f h,E '% 

, -"-CE©, 3 , e,l4*B A e*u*A, v, ~ • | , c, Pf A f"fpf NZ^, 5CEf , - • ~>"z , I' t • ', E, P • iZl, I, Y"-CE©, 3 ,e,^*i*\,Q*j*B 
I , ' "• | , a,Pf A f "fpfNZi,, 6"n*d, ECEf, -, ",™, .,w,V* I • “'"z, f "u-{, E, X • iZ£, , A, 54, a «A 

, ",™, T. A, ",™, • ,...,U, ",ae,N, •, x,A, i, v, ~f A f "fpfNZi,, 5CEf , -, ", ™, •,..., W, I • ~>"z , I '5 • Y, p, E, ©, A, 54 • B 
•@*A.@"u-{, i« _l "z,P,R,R«iZi, ifAf-f • • [fXSU-E.i. • "c, g • 0 , P, X, W, X"N • j , S • \, P, ESi, A, A* a -R,p 
,^,JE,±,e*AfAf~f • • [fXSU-E, f, ",™, P ™, • ,..., Q • „, ", ™, R ™, ♦,...,V,A, , A, H • 1* }, P • j • B 

tB*@,RZx, I, v, ~f A f "fpfNZi,, 5, », e,54, efR* [fh ? », e A a"' Zq • i., v, ~ • | , ' , P • A 
, v, ~ • | , a, P • A, v, ~ • | 

, c,P* j, I^U,E,e*o*F 'I,E*A*ae, •, e*B , p, 54, a , A, A* A "u-{, i , Y, E '1 • Y, p, 54, ", ™, • ,...,V, JE 

' t* \i,",™ 

, S, ICE5ZGCEa'a,©,g*A • \, P, i, •, x. A, I, ",™, a A ? • i. A, «, e • B 

, ",™, S, i"-CE©, I, • 

, x. A, I, v, ~f A f"fpfNZ^, 5CEf , «»AfAf ~f • • [fX, 5SU,t|,-fe, ?a£ • ^"-'1,1 A g •, 5lsA"\, E, p,54*B 
•U'^lsE, IS A —p-E «E—' A 0"_-v 

• @»V,p,-"-CE©, 3 ,e,54, v, ~f A f"fpfNZi,CEf Z, • 1 A U' t, f a£ • ^"z A ? , 54, lb, ES A -p, A, «,e*B"'Zz,i 

A g • _l SsA"\, E, ",™, •, , P • ' , V, I •-'"z, f Se, v, ~f A f "fpfNZi, ICEf Z, ,51fAf ~f • • [fX-E, JE, ISOCEW, ils5- 3 /4,E 

—p,A,«,e*B 

[<£ 'I"Iff • [f A ] 


•\,P *@,v, ~f A f"fpfNZi,I-L- 3 

• 0 y&Sl, A, <?, 54fpf " • *-» 

„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 
•@type «@Wx-Al Wx-Bl Wx-Dl 
,P •{ •{ •{ 

•@,Q -I •{ •( 


„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 


. 0.0 

0 -0 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah511.html (1 of 2) [10/7/2002 9:59:23 PM] 


















•@*\,Q*@«-'"z,E, ", ", eSe,v, ~f A f "fpfNZ^, SCE*, C, iZi • " 
,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y3,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y,,Y 
• @*@*'*E'n~ae*@*@*@*@*@ ' 2 • , • iZi • "• - • @Wx-Al • @Wx-Bl Wx-Dl»@ 


"u-{ *@ 

462 

(333) *@ 75 

16 • @ • @ 0 

@.@.@' , ©'N"V 4 "i *@ 

93 

•@•@10 

•@.@ l.@.@.@0 

't* ' 

308 

(171) 3- 

,@ .@12 .@.@ 1 

fCf"fh 

50 

•@•@•@•@3' 

,@.@ 25 • @ • @0 

@-@-@fpfLfXf A f"-@.@ 

85 

•@.@.@.@ o 

•@•@13 .@ 0 

fAftfKfjfXf A f" 

59 

•@•@•@•@•@0 

•@ 13 *@0 

fgf<fR 

156 

•@.@.@ 81 

• @ • @ 0 • @•@0 

f I*[fXfgf&fSfA 

127 

•@•@•@•6 1 

.@.@51 .@.@0 

-k*A*i*A*EfJfif_* j 

315 

(172) 3 

.@.@19 .@.@0 

•V 4 |s<:.il3p*E"5:*E*§*E A E* j 

172 

•@.@.@.@ i. 

>@•@•@4 «@«@0 

<CEf\~A 

133 

• @ • @ • @ • @ 0 ■ 

' @ • @ 5 •@•@0 


1, 960 

(1,551) 177 

• @15 9•@ .@ 1 


„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y„Y 
•- , V, ~ • | , ' , Pf A f"fpfNZ ( ;, ICEfZ ,•«,!, ■, x, A, I• iZi • il, 960 • j, 5• A, v, ~ • | , a, P 
•@ *@,£, V, ~ • I , c,P, 11,551* iZi*i"u- {*A't * ', ",$,N-k*A, f SiCEE"a, I • iZi • " • A 'V 4 

•@ *@,I • ',1, •,x,A*j,5' 2 ,x,^*B 

•m,»,I 'H*n 

(En< flsU 'e-*4»F,v, ~f A f "fpfNZi, SCEtZ , , p., Vs • z A a"' Z '(E 1 ,1 * T • 6 

-\ZZ<ce* a • F&E * EE* 2 • E • d"_Si 'b 

(En< tSuSO*F*Vs*-', T"N"x • i »Vs • -i, T"N • j 

<En< f' S"-ZO*FZRZg: «Vs.E' ■•o*@Zi*i* '(Enf Z* j -A 't ' ° • rZ-V • i"(E-k"_ZZ • j 
"-•\~_*5"™*FYamamori et al. (1994) Waxy protein deficiency and chromosomal 

location of coding genes in common wheat. Theor. Appl. Genet, (in press) 


http://ss.jircas.affrc.go.jp/kanko/seika/seikah5/seikah511 .html (2 of 2) [10/7/2002 9:59:23 PM] 




JIRCAS/j/...*[/X 


JIRCASfjf... •[fX 


2002”N 

No.28 

No.29 

No.30-31 




2001”N 

No.25 

No.26 

No.27 




2000”N 

No.19 

No.20 

No.21 

No.22 

No.23 

No.24 

1999”N 

No.18 






1998”N 

No.14 

No.15 

No.16 

No. 16.pdf 

No.17 

No.17.Ddf 



1997”N 

No.10 

No.ll 

No.12 

No.13 



1996”N 

No.6 

No.7 

No.8 

No.9 


•@ 

1995”N 

No.5 

•@ 












—N*. 


, "-a,0*i,i', u ae *F 




•@FAX:0298-38-6656*@ E-mail: ref@ii 


TEL:0298-38-6340 







§305-8686*@~i«eCE§,A,-,IZs‘a,j 

f.p,P*I.Q 




mi 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/jircas_news.html [10/7/2002 9:59:25 PM] 











, *?) V1l7.-3.-7> 


i mCASlVEWS 

2002 No. wO 


-U*@ZY 


AZt 

1 

S s “ a (E 3 /4 

JIRCAS.E, ",".eSAZ-,i-6S„ 

2 

•-i%oE*i*n 

••,e*A*iZi,5*.*A,©,c”»*E,-,e 

|3 

Zo*U 

•Y*ufGfr—E> M—•%e»SwCEa<+,7E—{•B,0,i%ez—p«v, a *l%o; 3 e*A*u“u-{*—•«%oESwZO,I%oi'*v*§—a*U,5Zo*U |4 



•Y*uftfNftf A fJ*v.E.C.I‘a“a.y.iZf.rc—.A” —Nv..ZY‘a*b*V 2 

5 

’tSO*]%o^%oi'<c 

•u“CE“ifAfWfA,E, ",",e*’*",IflfXfsfn*rfxfXfsf*fX’a(E.<Z*p,ISJ”-*v’tSO»T%o;.<v.Nf«»rfNfVfifbfv 

6 



/V/“/l/W/E/ -n- 

7 re,W%onJIRCAS* 7 *0fVf ‘f 1 fWfEf *n- 


<A*‘*n**%oUST—v 

8 


8 

•\Zt.IZE* A *a-% 8 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2002/No.28/index28.htm [10/7/2002 9:59:29 PM] 





























ISSN 1342-1999 




mm 

JIRCASICfc'lt-5 

. 


«*«« 

#U*n a n fI£¥i!*frb 
WSIJ-TS.3 

S ft 

♦ rie#otifti|6i 
sasn. ra*&tt 

f4^#<7)£J ggEftft& 


4 r7*^.**j a<» fo* 

S®Tp Q pfI(DW^-C««7K 

mx&mm .5 


fnra&K 

r*ft7$>7ictei tsstt 
O/Kx hA-^7 hP^ffi 
aS«OB5BJ ^IHIffFflSa 
.6 

*8|h|JRCASHI#'»7R'7 
2AS8S.7 

^a$ss#ora.8 

.8 

m&onmm .s 













IRC AS- =l -J.No.28, 2002 



JIRCAS(catt^^©S§![ 

MM n& 



£7. 

it, ztib(omm<vfzmz r«(±^o.*wBr£ 
LTV>*©^?J fcv^ 

to -A, Su£fTiEfei£Atw*»j-*S*tJ:*ffiat{± 
if^ 19 tiS-e^s 19§ i 

Ltzo Z(Dtztb, m.m<vimK'z>y*xiimfflZtiX 

9 41-w-e, JSLTK. JIRCAS© 

S»fc 0 Sltt$flft$l:ov»tiS^TAit a 

JIRCAS©iS3£ 

jiRCAsi±5^rfc^^»ji#nHi-a rtis 

HJ &£#**:£Ef ttUc-SoVT 

rt^ttBj £m&u £#*£*&!::$» u m 

n^^tito ?u:, : fMftBJ 

sttmm&u tt 

*\ 7S»7L 

.Ttfe, 7Stf B13 tz ® § r t \z Z<nmm £ IB A 
(&T 

fcnfrto) KttfcU 

it o 

E s 

«£»&* t &«-»*** 19, mm&X'n -t > 9 
&w« 

li -fc > * - o&tn:: H f * t ©fl&it 

to 19 

to itz. JIRCAS^Jfttt^c^EC^tlJHt* 

®il<79l*K 

19 tt. 


ailfcKUv’H 

&£tsc^£Si:T\ 

v^j (H 3 ^ 2 ) t^tiTv^to ±a©®^ffii 
JI(±m«^oVTiF«£ff^ toit-etfrb, i 

u m^m^w^mm^^fz 0 , 

*£*iTV'fc»J LA^JIRCASiiiELv^ffi^^t^ 

ti*<*!9tto tA,&=btt\ ®3co®-oB*i 

-e * & t n t * fcfEt * a t n * 19 i t o 
JIRCAS©3l»F*3Sl±J»*-Ct^t®SSrao»S-C 
fi§Ofx7 i £ fi'Rr^-trto tntzib 

VXT<D H '&« Srfr o -C v»i t o 

1 £ttB *«£©«& 

Wa*ffciBU i#u{wOV>T^iiWi5«ta^ 
HffflrElWKffl. a^M££ffv\ 0#* 
t^TV^to 

&M£(± 3 At! tw 1 0 , 

1 0, S1f£si(i l tH \z 1 0, 

•fc LBWHBtlt& 11 



2 




JIRCAS—zr— XNo.28, 2002 








^-r<DS»J3(fc *JtKTU105 

* ©Jfultgmi, #y'fx-V<D2i 3 j%&l)i 

#o 19 ^ n a pfi* * F~? ’J 105 (Khao Dawk Mali 
105; Jasmine) *k0£ti~C\/'£'i'o $c$ ? S 

-ei±#o^i± -jKw 

*p n nttt?l±*13 SRSMfcf ±*<D&*)im 

tti&tztb. mmtz&mre-fo Jic 

ST'^T Ito 

£<7)#:t Fvo 105SrBwjfeJ®*e 

$^r£LT^ ^ D nS£#l9*lHXfIt&£E^ffi 

i£t^A, 0 *©£*, 

^ tl^>^«p a p«irj:b^ 

*t*#6p n n«£¥iJS'JT3 

H^ra-C^P-CJRUgi^StL* 
#»9*fc*fL<» Pf^L&W fc©Sfi?£ttJ]![ 
19 $ tu* * ^< 7 ) p^s *> l r to mm* 

S-Ctt, ^KftLttlLTDSt^ BPHW 
i£ |±&3IDT\ t Cnmt-eLTIIL 
tv^to $*■?»£ 
£ -e, p D p«£¥!IS!Jt& £ £ njfclfcw^-e-m If* 
f±fl!£ LS-frAwc, S@ii^S<7)Ji:4- *> £ KipJSO 

Ltzo £©£*, fiWt±9 *p n p 
^*<7)fiJSIJ^ttM*-e L/Co 

#-ftj&* 6 MSODNA&R *J T 

fniii, oi »)DNA©&v»fcj&Ht/t 

v>ito 19 £ -rut*. 

WtAti*&ttiX\t'tt* £©DNA£»8?m MO 

tzU n a p@«WSiJ*ff 

7 £ £*ito£©fc»CD, 
BNAfcflStt) fflS&tttitf* 19 £-£A a $4>J&&© 


# < i±«»-e 
£ * b tlX V> 
T. £©ii8’ 
iiDNA^ijXO 

a-r 

e & 19 i t o 
£ *i£E»E 
E a* * # > v 

# k * * nc a 

£ f IJ ffl t x , 

* «J K ^ < 



*l*ia(ft20tng) 


!Wb) 


7iy-;usiB^*e-ia* 

Wi4S£*©ttit) 



iu, (@ 1 ) 

£ ©ifric fcjflj 

ffl -r & £ £ 

-C\ 

DNA^flTk 

irbyL*) tBt£ l 1 K* *9 1 Ltz 0 


ffbtifcoNA^s»L, pcr—^ ■aacMT-ws'i-rs 
m ii/cinia^b/cfflSDNAttaja 
DNAS^$ct<ttai-r5o 


>g*<D4£ttt 


aai$ti7t:DNAi±, 

V> 0, ^©S? fr ft **i£T*p a p«£*ijglj-r a £ 


t^m^i-to B2c, mmK-fcWiX'A^Ltz r* 
* KVJ1Q5J t lX76btlT\s*Zm%£fr$tlfz 
-JLL££ltT-i±¥iJD 
*v>il*£, EE«-e^JS01-i£fc^HJ*ito a 


WWK/?—;U1|H»a 



M 1 2 3 4 5 M 



M 1 2 3 4 5 M 


DNA^flJffl 
L7tp n pffi<D«SiJi±, n 
X k <0 Z-f(D 

X\ 

£ t ^At5 5 \ 

a£H;fcnJR5l®l£K 
i±> ti^cfnW • 
«|E-S£ LTflJfflt^) 
£ t tfX § f -fo 


hi 2 wky uio5m«p n p^ro®ffl 

777Jt> 7-^m±ip H pT a 7 AKIAg 5 e<7) 9 s 

“ 1 ” mm • /N* >n 7r1iin a nftt “ 1 , 2 , 5 ” 

%ztmm\-e%tz 0 


mm 




JIRCAS —— A No.28, 2002 


•hmmshij mmzti. 
rB«ttw# 0 *j »msk 
tk A/ 



r fiswiaftffiiiK t 
(jircas23-^) Kmt 
ti, tow 6ii:i6@ r 

<vmMM£%ML£ LA 0 


^A^t'Agg^*«U fftTy7i:#<4,| 
**j- 

guA ^<7iM • £st ■ m^xm-t & : &mmm 
*m%iLiLtz 0 s^fclitwSF&'ClSdrS 1 * 
K43*U 

KA»fU SY± & t ~ x t if^ ¥<n^mit¥mm 
zmvx^it o ztit 

L> ^b^AtogiiR^SF^o^-eilitr^S 

#jA LT#&Loo&0 tto 

tt»£^u-tw< at%. 

as*f, mm, 

to fcfc, Sf^wSFSS#-? 

*ofc*tt8M££*f£fc7y*~ .MliS£LA|£ 
m, ft|tjfii)fcll&0 b v !/S±ffijg ■ WJB®33% 
t\ &v>-e|gj@a>28%fcv*d tfcfUo 


-C'!±73%^WJ4Tt\ 3~4W^<, it£ 
fc >9 fcfto T£tt<7)Jtw© < * & 

fcv^SJ^fcjjsSfL* Ltzo V4 )VV~ZMi± 
14^T% JIRCASHAff LT^ 
folB, fff*»fc®fft£ift 
IL, -RLAXMW^t< 7 )£ffl 

19 £ LtA\ JIRCAS-efi^B 

<7)fc^$A^'#vAA 

* 1 ?, 

X%$LtZo ¥i7 4Cfe^o/;M 
4k® 

H£®«-Rfc LT#A£&KM£L 

Tv»st«, ifc, mx^ 

wlv^ 19 f&3fiv>7/f 

9l^“$AI±. A}3MM fc®F$SBr©A 
jrc&K&A *fc*&£iBS <t*iv*7 
r-7-v-fjmJ <7Wltk£;£ti£ LA 
JIRCAS <7 £te®f$S#f± i /f 1 Iff‘o'A 

10 JIRCASO^*- ht- 
■e*a m%&±.m<ximm ■ a^ai#< ©£« 
^ fto JIRCASW*tt«F^#o^om@ 

Fix-;i/&}£'<) Sto 



(*W# : B^***** #W3E-fe >2- 5S#ft) 







JIRCAS— zl — XNo.28, 2002 



r7?o.#jjj ua(D^a. 
m&i coMm-cmmhmx&mm 




Mi, %m& 

mn&WiWi m : m mmmfm^mm ■ 
A‘mmskMm%-ky?") mftt, t%$- 

H^7t:oT^:Sifp a p@<75W^^^ <9 fe*, 
■fcmUo r77^-7#j ^i±ci6, rr*v 
n^J % f b 3 yn>J &if0^f*p a p®£ 
&*fcW&U L/dtlfe 

<^4L 

iLfco £©S&Kfc «t l9«13^4if 9 H 

fc. (M# 

l±, SElJPXM<7)^:Sh 
V'p a p®£ «> oTio 19 < , 

«3«l, £S 1 livl'f 

18.5%i:^ifotV’lf 0 HiiH$A^ £© 


E®L> SJSKIS«tL7tp a p® r^yAX^J 

an • ^a#w-^E«p a p@^ Lrfm^mz 

fZ o 

Sfc* :^#£©W**©KHfc4SIt«fl«& 
I? • y#*vr?-“-t?4:&<#S*v> 
Tv^O'feJ, fx;i/X7-J i:v^ p n p® 
ftWtM±li*TW®U fltfcffl L i 
Ltzo £©2®Ef±, ffLv>7^7°<7) 
^®®e®^^sE^fiifLv^p D p 

ix-r^Kjg^sixrv^to 

i6TcofflSfflp a p@-e^^, rtf £ 
©WJ&fc &«£>•? £ Lfco -©ffiEffl 

p n p®i±, 

USi^fwv ;i/ ^ 7 ^p° ri' t. T if 
a-U ^©3 JIlOH^WJJjL, 

v>ti- 0 

L7t#^*^Sp a p®^W^L7t 

*t Lx^ttnm* Ltzz t amn) h 
ti, &IBi<D%nt%OZLfZo 











JIRCAS—-3:—4 No.28, 2002 




rnm7V7iz3$itznm<D 
h A-'S* h 
0Rfi&liftl&±7n^x*HJ +HHMI 
&tf7-*>a*y7 

&mm%m ^ 



5^ra«w-® 

^ife $ ft tv» a *>©■?*!?, r±nM (±fc 
A) Mm<7) W jg^f j, 

• ft£M<7)^MMM3§£ • 
rt#fiSAS^Mi, a 
ic • 

rm j 0 3^nti®§fitv^ o 

7°n vx 7 -^/s? 

7°rt 5 \ TOl3^11jl29H KJIRCASISIIt^fSgK 
joV>T2l£<73#in<73 & fc@Hg$*ifc 0 #M<7)rt 
«RJ±, B^Affi!&^12£ («}I 

2%, JIRCAS8 

£h ?4 h*t?V9-*- b 6^of:„ A 
jicv-r/g y r^>nri5»t& 

(Ms. Auranuj Kongkanjana? 4 

§kMMm&n mas), 

l£<733S3tKj (Ms. Porntip Visarathanonth ^ A II 

S#A<73|^15^J (Dr. Gassinee Trakoontivakorn# 

<7)p a p®M<7)S«i:MJ 
(Dr. Warunee Varanyanond 
kAMp°pll!§W 
T^d’lriolt 
(Dr. 

Somchart Soponronnarit 
A 7 A A y 9 v \ 31# 

M) O5II01S« 

bfitzo 

ffi^n^isv»-ctt, BAA 

*ti?ti<Dtf[ l %\zwxm 
mmt>ti, nmmzti 

tz o A<73££jfA 7°nvxA 


V) L^glLTV'iP^ «&MiiK»LTV* 

& t<7)M^*§tiA 0 LfrU 

oftKiiefi^t^, 

ffc©&®te*3 

3£ri ? M£AAo AtUA^LT. gll/!30Bfc 
a$Aimw^A*^>^-7^ k A'# jd 
LT7“A7 HffiL, A h 7 7 -fig 

®F^0fA'<7)if^^co^ft<73^itL, mwmmm 
«,&<73itin, ^ a m&mz%<nm an t k *s 

i 19 AJSt£ A tKL 

tZo ttz, r73 A, 

AttMoffrKA h?y T’tzi&g&ftm 
mm <73 m m t a®, »«r m ^ tz mn a * r a w 
HflfSrJ. I~ASA AI&M, S^IISWSli 
A;kA'-^Jffl)^|IA^AA-AM<7)|fmJ, r^ 
MM ■ ##&®fcMAgfj$£»*^fcii:fc& 
#T«$IWJ JSiLtynyxM^ilt^: 
tmifto 



6 









J!RCAS—=l— XNo.28, 2002 





H 80 JIRCAS 


m®'»$Whm 


aBRiffflgp mnmwmm JEW 




»©3&®ii-tM a C3« 
t L-cAP^JnfcM^^ft 
PSIUoTi 0, A*i ilkn 

m 

Srf§£ t 

Ao 

frA&Afmrt ? ifiDU Vtmz 

:tto SMt t 
©«t i &AAMi±7 7'7, 7 7 
V # * /©M/Jt^'o TJo 
19 , rA^M<7)J±Ai±ifr#AP 
©1/3 /31U 2025^/12:3 
A©^t2AZA-£J irtl!l£ 

tlTV^t to 

• tMM 
«M©A£^&AAMJtM 
A(A *Jllitjg Sr B3f L fzMm ©0± Z 

S^Ltv^ito 

t/t\ H 8 0JIRCASBlit/ 7 t v 

fiJffl©0_t£BfitLT-J tIU rAMSJ 
'MfcttiSSfc Ut, 2001Alii!27-28HZ%$cBHt 
AM (x#*;vo<if) /isnr, rt^t^200 
£ (?®£U*912*B, 25£) JliMSSri 
A^A £HrfeSS3s®SF$fc&> NGO©#M£#T 


Lto 

7 7 A / 7 A -C !i 16ft ©.»!'«'/• A <t “9, ffc#©A 

«m©ss0 , m<o3&mut^ mu pa 
t &AfiJffl ©^M ZBITt * ®iilf?fr fc, ®{^%©iS 
fs ■ m ■ 

t GA/Mitfe©Afij 

ffi©§§#U0±©Wlt, ©PflM-tBZAt&M 
5tMt£jt£7E'ft©¥fim ( aama £ tm 

tt©WI 4 ) i:ov>tifflli 3 WtAt LAo $ 



GZ, AT, tt7-/3 
24sI®©ffAA1ft/S LA 
l£AIJ1&7'LA 2003AZ H AA'Ifl'fi£ ti& H 3 0 
fW7t -5A$»^?.t#©*l8iIfc 
B7t“7A©jgit?L /JIRCAS (TARC) 
©fti£©Apma^#0©F^s©^/§i^^^> t 
m©B^A0W^©®P^A0Z^T^A&:tj^ 
JIRCAS , BB£®F$S«IHU j£±B©F2S 

mm, AW©M-cnffi©fc^A«F^t8*tii»© 

LA 













IIRCAS- s — X No.28, 2002 




w-i&i4*2R] a# 

b a#»fs 


¥-&14*2R5 a# 


S-t n- 

UU 4 3 mm 


JigM£S<Z>M 

¥^13^4fl»5 9fltTtCJIRCASTIHignfc!Bllg^#<0«[igtj:fetT<Diat;T-ro 


HI 3 . 05.08 

*»*«'>* izrnfti&mmm 

AH 


jiRCAs^amtt® 

HI 3 . 05.08 

7 7 'sJUMIkSB<D 2mOiZ7- K±*tli> It 3 < * 7 is J: 
ws&jt -'sHxo'kmmmmt LTaH* 7 *j:tf* 7 *- 


JIRCAS^itiiijlgB 

HI 3 . 05.08 



aft 

JIRCAS^itlitigB 

HI 3 . 06.28 

-r > k % v v 7 • ffi-» 7 «ji(D-s@ifai^sic*its 
s*kjihm t mmm&mom.m 

LUEa 

Jt 

JIRCASXitlltijlgB 

HI 3 . 06.28 

/j'*«ei=* it a 

/J*B 

IE 

JIRCASSRKttttt 

HI 3 . 07.09 


SB 


JIRCASttHfllffltt 

HI 3 . 07.25 

: <> f ^->7 • x? h?ac*ita 



JIRCASttH*l 5 

HI 3 . 07.25 

ro * «> rosttiutt 



JIRCASttHnB 

HI 3 . 07.25 

£■*-««< >a °7 hffiSMfflli 


JIRCAS^a® 

HI 3 . 08.27 

* □ c* it a a* ? □ - com t 

mm 


JIRCAS^iSiitlgB 

HI 3 . 08.27 

$ -r attarowfE# itfcac* itaa«ttT * wmmmxif 

am 

3 tX 

*w«« • 

HI 3 . 09.03 

* -f iMbSSC * it a±*«^fMfc£SS«roil 03 B 


ft# 

JIRCAS^SttttS 

HI 3 . 09.03 

* -r e* it a is*»i <h * os«ro«^tta 

Affi 

a- 

£n'M8ftfif£3r 

HI 3 . 09.25 

t 7 cf □ nx h 7 > x x a n * it s 

sh 

tt 

JIRCASSiSmifthB 




JIRCAS-zl-X No.28 

spfiEu^ 2Rmi 


MM &WfIl^Slgffi££Mj ttUBmi* 

t 305-8686 < !,frtf At> LI 1 

TEL.0298(38)6340(fffUifffiSO FAX.0298(38)6316 
— 'JT http://wwwjircas.affrc.go.jp/ 

■0 











AZ± 

1 

S a “ 3 (E 3 /4 

.‘.U(ED<t<:—I,0,re,AJZ<“ 

2 


fD fD fC fASYCE'—tf. fU fC fNfE f C f< fX'iPLDMV) . 1 * S%^Sf’z—n 

3 


•V<K/v/./W/F/N/g(ED<t 

fCf fhfVfi“V«...” <^’n‘N,E,",-,6v..Z‘CE 1 J(E0—!“I——■D.^Zu%cv*« .I(Eu«a 

4 

/v/./W/F/N/g(Ea<f 

• ‘ »U fvf • fW f F f N f gCB3< t *(3) 13 ”N“x ,IZAZ {»o<u 

5-7 

<A*‘«n*«%oY 


8 


8 

•v;t,izE« A «a-% 

8 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2002/No.29/index29.htm [10/7/2002 10:03:32 PM] 





















ISSN 1342-1999 




mm 

ai»wscia*^o 

-OOflllS.2 

(pldmv) © 

.3 

hw& 

-r > 

lcfe(t<5*K*fl!>«!i¥W 

HBf^P^x^ hW3E 
¥/Sl3^So*JIS«3i-5 


NBISfffeS .8 

A0i*j£ .8 

.8 









RCAS- i i -XNo.29, 2002 





i?p 



i. a^mA^ii &(D%w 

£ o#i:»i1rti£A t & o fcjlRCASfi A©8: 
iSlijfci &i£ft!i$lv>#\ MS&©* 19 
feLATAO, ^«#E||{±a-i-^26^)^Jj!ii"5 

t!j&, riS3&:fc±B*:©®F&ffiA£iiL-C, ft#© 

»• & a t t& 0 , «> o 

T KiS L IlfP L fcittll 

© »m k w a l a nm# n is it & nm & % # 

AJ ££lw** 0 Ait 

AH# A(tt)BR$£#£t8Affi&# 
f&#i^rsi^jft#ismAj (1122^, 6 • 7 -t: 
moo-tSB^#*A)J IS# MK(±HA 

of&fASH HiS&ffi A ©S &©&£\zm A L AT £ 
(1, A©—8B££E#&»)fcf LATA&L, 


—i960 

(DMM 

1970ft AMAH+«M©££ftfcmK 
|pj»tT©B&1&ii 
rMS©A* 

Basic Human Needs : BHN (*#£?£ 
ASf) 7 7°n~f- 

1980ft fi£flM©^l§M#WW9fe 
1990ft HM_tB«© B&fr®Ifk(«3&B36 
7n/7A) 

BHN+#inMll#i!cB^ 

OTPaS^©*^ 


©Jt?A:& 0, B#LlS#it#«£ATv^l!|® 
fcifettLTWfcijfcSfcasfc, 

§? B * * f£«tS#A#it 

• y°U'Jx.2 I AAA' & v* < o#©^#*fidAIf© 
||##:<-PCM^&, PDM© X 0 -S ©M# 
nt tv> 

• #iJDMH!&© Ayxni*J&^©9&##f> O 
tMftZtiz 

■ PRA (Participatory Rural Appraisal ! #iJHII 

am#) * t'(D^m as# < 

(Baseline Survey) ©'Alt ft 


<79 Xv L&& 0 

2 . fflfc18*K:*lt*iSJl 

jircas ii mb # < ©®F#m a * * 

A LATVIA A©#MLM®LLT, ®mAs 
W©AlA^##ftLoo&& > ®&6msxxm& 
tm\znm t# & AflWja^T a &, ® a u z 
bmm, &m^r~mmmt&m\i ■ imzmfc 

M # A A# fe +5f 1ASH L # Av» * if ##£If b ft 
&o alt, n±ftm£Mm<nmwmm\zfc;L 
&tzti>\z. (i, ©LLT, eS^LAATf@SU» 
©«fm*?tc£*ts Atgtt<79^S 0 * A#WL 
flXl o £AL©fI®£l>#L5|0j®X-Ttr< #© 
MAjIRCASttmm L&if tUf&L&^LifjLT 
V^ 0 HA<790DAIit# I 7 7°<79±tilfiA#TAL 
v^o L#L, ##mA#SA0fJ K AA KX&b'tti 
(f, £ ©#SfT U7 #©*&£ L 26 & t fcfcJSil;* 
#«^I§v^ 

p #{± t f)#< , 10#< ©flf&ffiA#Jn##*tfJ 
i:#&S©fi££#tf#»mi*v»/f 

Afo 

3. AWWJS •m©7 s P^^A 

M#A^A^TB^W#mA**iiL, IfM 
AA#ELT^^<79l±JIRCAS/i 
M<79^£AAA, fft<79# < <79^#|i 
A<79 

iifS<79ATigW#^<79W)3tLf>^i6TV^ 0 AA 

CfgtWf A#Wje£ ■ ftf^(iHAAg|#L<79A 
ti±a < «> t Aww^t^u 

AAAATUiSMijefjLfiiiLTv^AAW^ • ft 
f^7°n^7A t f)<790ABSIIS#AoTf) 

AWfl±^#%i#o LpLADt## 

nfyAJIU, Af4©1®AAAAAW®L, # 
A «t xm&%m LAA L#^> A# i ftffi L Tff 
<i*TA^»o [TOt#A&^(±, WlSLAA# 
#\ fztl if, 

*Ji#fc LTfgg-C § b MM x « £ t #1T -^-1 






J!RCAS--a: -XNo.29, 2002 



mm 

/w WTmmmtif'C* 

04 jit. (pldmv) <o±&mm IJ 

«|tf| %5k 



x/u to**? 7 frzffiK&ikt * t, m^cv > 
ibfetL, #i«tL0*Jr4(c(±^ 

(¥Jt)o £0J: 5 4^ttHTV» 

®» D n |: t±* 19 x* 
v» 0 *C, jftgciiH 
is w **#*&# 

Z>o /t/N“7 7 7 7 

0&fl?7 v 7 life it 

*l± 

14Ltv^#\ 

Si, 

/'?/'? 7 7$h i(7 7 
flszsisn r&m 
(PRSV-P) k/isi 
7 7«H^47 
7 77;P7 (PLDMV) 0 2o7'&& 0 :©H 
PLDMVii, 7tlt7'^^llia^-0 7 7;P7 t 

^ >9, 777#Bi:i-ejA#* 7 t -Am 

iSfltV^ 0 JIRCAS#«^f-CJ±, 

T i fc#, I®II ififr#7'ii LJ6TPLDMV0^i& 
7 i; £&# Lfzo 

PLDMVCD'Aittm'M 

PLDMVii, 10,153^0 1 *0RNAtf» h & 'O , 
SA&flAIO# (ORF) iqfftLfc, ORFii, 
3,26971OSS07 FA7®/7'n- 
F^tLTV^A (01, ^l)o #770?7®07^ 
7 M7U £, PRSV-P J Wtll0 7 7 ;P7 0 7 7/1 7 M 
L ige ^tz rtttB [Witt i±1£ < , PLDMVMSV L A 7 7 
A7'J 01 L * o 



8P1 L tz o -7 1U AitfsTWJffl 

tttt-, PRSV-P0tt®7 7/17® (CP) itfALV 
77 /P7^tt/t/l7 7p n pfl rt'/77 
7°J rtDN7 7 7'W$$tl£o -0n D pi!±, PRSV-P 
USSV^fiEtt* fc %. 7 7/P7#i(cfiA-?Wc^7 
^0S^Mi:iJ[:MLfco U^lff^0* 
H“Ci± fr/T7^J i±, /\*7 7 0PRSV-Pfc:l±S 
Itti^tfe00, PLDMV-V7-/70PRSV-P(C 
lifiSLtti^i^ofc, 77>j*mn 

€ ■ 3“^^^ ’ JIRCAS^mTJt, ^00J§D 
A iz & o A PLDMV 0 ilfS? t, 7/ 7 0 PRSV-P 
IJ, 7-7 

7ftl0/W7 7 7 7 /P7 (C|# LTj£v«tt£ & 
^a^x./NVN°7 70^ffi^ : ffd 7fc(C*ofco 1999 
^(cn~A;LA^7'2iAmfAf0#lg£ttv\ 77 
V U jftmi^7VN7N"7 7#7 ;P7^il 
fs?J*AL* 0 JIRCAS-/tllA#77-#Am 
ffi^^tr/l/M 7 ii JL7AC»#:£f?^4 L T 
13 IJ > ^A^gjStt^F^ 70^ffi(C-^0|fc^ 
MTito 7 0#fc0®F4^^l§4, 7v7ttit 
AC/i /17 707 7 $* 1 * 0rt*5fc* 7 

A^W#LTV^ 0 


*1 PLDMVro£>/'”?S(i:«ifE 




11 1 PLDMvroate7tlliS 












JIRCAS— tar— 7. No.29, 2002 




@P 

SWMWB£iRatt®|n)± 

tmmtwk \m % 



mmT'sTT & ■ej&kmmwft & <d & ? 

fj7y'7l 

*fciu 

i:itL-c^*o ifc, 

i?, iSiR*7fc*S*ffio 
i#tioTv^ 0 

*4im\±, i3Mk<nm,x'3bz>z. 

t&y t^ici l, >d<.B3 1m&m&t 

®<7)f(S^M &inx *&^W*il£#:fl*fTfc 
tiTv^^coo, m 

83tf>$&#3, il^fcl3V>Tfc|i$ffl;^££*fc4&, £ 
Sfc, Suit 
£gg 

<7) «t •? t jggijo 

#IU /cJ6i©ftlTO^*T*©«a^ if?: 
fc&jc# « * * 

fj m ^e* o ttz. z 
tibvfmzmmkLmkKftMz^tztztbK'm 

zcDfztb. 

nu^mfrh¥m2o^mKt> 
tz o ryiem^mm mt Ltzgkgmtozm k 
# *> a mi mm t mimiz * *h « 

*13, $^nyx? * ■ n 

7mT7m:E«j; U'^fcft 

lif^ia 7ts« mmm%^mmm t $ 

#•££^0 

w*rt« 

©fi*>m, MT&<nmm‘mmi*<nfflw 
mmmmvnmt tzitmw&n mmm 

h (m, &im l §tmmim mm 


( 2 ) &xm<Dmm*fa±mi<Dm% 

®*£te ■ MI*«SotiiEicSf©lf 

■ Wzm^ 

®mm±Kmtifzmmmmm(D^tmmm 

<omm 

( 3 ) x &mmm ■ siwt 

(Dfrommwjm t k isj it 

fz^m— - xe5e t tmv *iwi« 

x &/h : MimmnubmittoiM 

vyjyrm 


if-mm 



wftmmmm 

ch 2 ft] mmsm&mmtt%*.y*~ 

mumm) gkmmmTumm, mux 
mmpa 

o 4 ) mitM tiaiiEM, aiiiiifF 

mmn-ty?-), 

[9 * x] 9^^m#nw^pjf, 

9 - 

CH«M) (IRRI), iiilli 

m%Xz'y2- (CIAT) 

(* : 5^y=?-£l®wtt«Srj&U -f/K, i%*%9v 

fi-fri&v» 9 ) 


4 






















JIRCAS—-ze—XNo.29, 2002 



¥J$13*e©38«itt3l 


7 < mtmz n u 3 

<7>« n i 

* fc*A ®m±JM ©#ttM 

s.u 5 '^©wswDffls««ran, ©tMBS rnurn^w 
mmma<r>*x*%xtb ttb^(D^mmmt± 
m<omnw±^uf&t LiiSLjmm^^TAnn 

b»-s<z htX&ibfz, ■ |£^W&W 

?e«iu #m 

*0lJ, 

i ^ ttT § /Co (± 7 fflw/ 

oyxnosm^ci/;^s»*W!£ J!5 

iS*<7) 

tf-o/co fflO±^f«atl±, 1) 

7 * i?*su t -y ~/)i/\z a & 

2 ) ® b'y*¥(nfcmmx&z>jzv 

7 >^ <, mvfc i m t & M 

wtz, 3) jut* * ax&mi&ft-1\ tfcmumrn 
^(Dmxmmm^ ^ «t * ^jr© nim^m <, * 
tz^mmtm^t>-tb i t 

Mftxzz, 4) t/y^Hi:U®il®Hf 

k is it a iiicwm l±M£«-m $ 
ti, msh^ Fwna-> Knixa^mm^mu 
mmzzzmmim 


L/c^Wlwi^ME-ffiffl^lfmL. ZtiKi 
19, ^bv*\?<nm&fr^mtttf£x<DimTMz 
mmtxz. mm ■ ■ imtff 

w i iti mx § b , i&mfi btiz> 0 

7atf;nfegaw*fetts 

J#^atJt&ft JH 7 * f AOBWS 

■e**o 

iMUxioO, 21ftg«W«tf4ffei:^^>5:I 
K£&1-tfc#83f^;h/CV>S 0 L^U £©i} 
*S0f#fcj£*.Sfcfcfctt, illf 

mw* tfffiftswo&, mm^mx 

i i: 

Htt«iXb%x.btLb 0 zoztfrh. ®-/nVi 


7 7 '>';i/ftttt $ ti r 1 ' -5 * □ - utt ro4= 

bZtKXv -c, ^±feco»±im^«W±ig^ 

& i: i: & iA ■ HU 

ftiw*S:^IL, TffJir 

£*J1LTV»S 0 


« 





JIRCAS— zr —X No.29, 2002 



jgtt, ■ v 

(omftZ'MibtZo i*, GIS 

fcfflwr a®# 

fctfo A 0 

m s*uffl &» mm 

*h», 

mi Anmi^#ft 
iknmmvMKi'kmmvm-m1 

a, 

^TV'io *£*ta ttAM©F25£±i^A. ill 
ti b <Dnmmm*<»w& 
iut&t+zmitm'fuvx.* bmvtzmwm s 


^£$ttT, 'fnpx.? h<Dffl$zmMK^r-M 

mm, mmtz 0 mmmftRVfmmo- 
m<D&mwttjzM#>-c7vy*ir vimvmmm 

SMil (4£), MJftit (0-<22^) AW 
(9£) 

AUS r& 

p n aiDl^aS#i^lfmj A G *11 i: L 

t 3 s- na t*„ * m s r ±mnmm <d 

#14M t mmjkmmm w> Asti- Rumuo 
rm] -eii, Tto&m 

m bi: «t •? asi^s 4 

Ayx? MoRrtfc&WiOfca, H2O0 H^jS 
Wli ( 5 if 29-30EL SB) 
St/l6 0HtIlffi»Iltl (5H31H, 
o<(f) iz&^x, m 
AtSio&iSfL 


SAfg, AS, Ktnny, Sfcjc&fcSfcU & 
#i H A 9 II®^©ttiS £ tfeft L * A' 
G, If 

AAKii, 


Wi:ov>tiiL/;„ Afi, 3i^§, 

t«S« 



jtfifcfcf 77 o 


AS(i, AAtf<, Mfr£#<^A, 

4 A, 

AS<7)^S±iAi±W<75^# 

T%Af#Si±ifr#<7)AS£jim/3£ £ 
GSMiiMt & fcJtGftTvs 
& 0 LAU *AffH<7)AS(±SAS 
£«<, ^MlTtoS^^y^ 
J8&1- 

^^ilia^fdxTv^o A AD AAA 




























JIRCAS—zl— T.No.29, 2002 






tl5TU^<7)A 

xmm 

mm t gs a 19 , n#tm 

A^Afl§PiiALtV*& 0 JIRCASI4, ® 
7 7'J zv 

mn<vfi}±.KnMt2>z t&BMtL, 

WARDA t (D * * fi 1 o T V 0 

jtfS^JgA^WSM^i-etiTvT • 7 7 
U*ISS:^tr^«*aife*ig (455p n p«/m 
«E) h 7 

'J “ 7> , ''7 7F f 37'^7EL^ h V7lt 

LttI* 7p a n i^ItL 

*0 3<bfc, ^SMit^AffiA^llW 


h kit&mmfrmnmftztox., 

<nM&M4Lm ■ 

&o mftmmKmzvxit. 

mmtmmw,Dmmmt<nw,ij ■ «£Mla d 
M i3^Ef±, AE»«?j£#©iii2KJ3S:Ju 
DNAv-j&-®B§3§, fif«»4So^ft«±it 
a, f AE±3£feiw©f&££®i# 

^saTH-mttw«* vmfm&m, wmsp «t 
0 mmt&tt$>K % Aa©ii#Mtt3tfs ?km 
jrrSDNAv-a-wraUfc&MiLfco S&fc, 



□ - (">Mt>-;ur'ro*xijy 


fli'oxH/7, AS#!#, iittWFIC^w 
T i A A 0 

^jsj6i3^3^22Hcn^ra^ffi^»)&*a 
2 A, 

TOl3^12^13HSU r 14H^S^ASirM't'6 7“ 
7/3 7 'fi?~r > 7 'j) W7)/n° 7 Affl O’/KV - A7fT<7) 
EMBRAPAAaW^S-fe > 7 - T Hffi $ ti A 0 


t#[wiA\ 77 'j 
ffiA^-CWA§ ti A “7 7'JA 

v^o n- l 13 IS$& 

UcIMSiS&IiL, HS^TLfto H*> 


H7 7 y * (I & tt 3 *igjic> A & <D 

mn k mt % m m. 

t^9WSo7 7'j aitSTfi, ft*4io 
sseWA#-if^AP±iiP0A*A lift®AAlfiTpA. 


7'~*®A#fc##f*3ia*CV'* 0 iA, 4^E(±> 
HBffcftg fc tt± w M# £0 vv-C J: tj #ffl * ms £ m 

$6U m^KiO 

If^LAfSMSiiSPo^T, 

A 0 {<A#I7$k< } 






IIRCAS- jr — X No.29, 2002 




¥J*14*3Ji 1 0# 


¥<£ 14^3 £150# 


*ifSBI! 






**SBS 


* 

§ii 


wmmm stwnigBtf (>«*Ka) #gi? Hm§ 


¥fiEl3#10£ »6Tfig14^3 ft tTICJIRCASTF4HSgnfc!llia^#(PStigtifetT(P-ilUT'ro 


H13.10.15 

f&® ^ > X - It 2 jAMXHf87kw£mi£T 2 

e**3¥»wi»s 

uni 

me 

JIRCAS+jtiiilgB 

H13.10.15 

mo*, t *ftT*roa^jpj main $> ommfc 

>«B0 

jnIE 

JIRCAS±ilfSg£B 

H13.10.22 

ttMmm®. *& > x + a c* tt 2 mmscm* <* tf fMfcroaanaffi • 

«t j: t/ira - 

+41 


JIRCAS+itfitsSSB 

H13.10.22 

*tt $ 1 c is it 2 mimwtomk t 

— tt h £ *!£££*+#[>£— 

SIS 

tt* 

JIRCASIl^'lfSsB 

H13.10.29 

^ =1 >7)\,z • 77-5 >'7i/Xl-U[z&\.t2iU ItH Vix$- 

LUB0 

n- 

JIRCASS^'ltSSB 

H13.12.03 

*it $ 1 nmm±mx c * it 2 m&mm<nmw 


J&* 

JIRCAS+itiitjlgB 

H13.12.03 

%L#24iztsit2 «ts&£ A&tba tc tb 

n&m 

fn£ 

JIRCAS+itfitjlgB 

H13.12.03 

mm <«W±*c*it 5 Ht h -5+ 

Mft 

$Mt 

mm • ttmtim- 

H13.12.14 

+sw:&ii£it t wTo/jnsa 

UJT 


JIRCASIl^'lfSgB 

H13.12.21 

8 y/Ty v-T«*fiSttt«1iroiBW 

+21 


JIRCASSitmtfeSB 

H14.01.15 

T >7P - 7«[c25 It 3 g SSatUMEOgH 

TH 

It 

JIRCAStKSpB 

H14.01.15 


m jj 

SIC 

JIRCAStIcSpB 

HI 4.02.21 

=l A L ' * Hfctt0>QTL#Br 

¥tK 

-IS 

JIRCAS+tl«;ggB 

HI 4.02.21 

*-r 2 sstttfcgaro 

*b 


JIRCAS+l&lWiJggB 

H14.03.19 



il* 

JIRCAS4***® 

H14.03.19 

mi 7 7 y * c * it a < t ifp n p®»7f<7)*^ 


>&* 

JIRCAS^««iKffi 




JIRCAS-n-^ No.29 

¥^14^3 mmi 


mi 

MM &WfIl^Slgffi££Mj •li$EPJf*4I£ 

t 305-8686 < IfrtfAfr U 1 

TEL.0298(38)6340(ff1f#fflS) FAX.0298(38)6316 

Ife http://www.jircas.affrc.go.jp/index.sjis2itinl 

t|8jf 











aafraa AHI«**McS!*WK-fe - 


2002 No. 


30 - 31 ... 


-U*@ZY 


AZi 

1 

S 

•cfSE,I*.. ,ZY«H*i,^JIRCAS ,IS"“® 

2 

•-P/oc E»i»n 

—£“±’n"aeJfTfsfEfLfMZY,5,B,®,e“®(Eu 

3 

/v/./W/F/N/g(EQ<f 

•‘•Ufvf*fWfFfNfeCEa<t.(5).i/2^13”N“x,IzAZ{*6<u 

4-6 

CEQ<f»-i%cE»i»n 

•^•-il3”N“x«‘»U” — Nv.. Z Y <iE(Eo< f •-i%cE>i»fTe- 

7-11 


12 

•\Zf ,IZE» A »a-% 

12 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2002/No.3031/index3031 .html [10/7/2002 10:06:57 PM] 



















ISSN 1342-1999 


'S)lt)X—=L-X 


. YmcAsi Y.EWS 

»3ift»;4AliPgtiit*7j<;ji*0f Stir >* - 


2002 No. 


30-31 





S K 

mmm . 2 

ffiMtmo)-* 3 

yu yi^ si^ypvi^ 

. 4 

¥^l3^Jta^S^7Ka^W^^1f$S-K . 7 

. 12 

mas.<D^mmw . 12 











RCAS=rs -X No.30-31 2002 



JIRCAS0?SKl 

?k m%m }| EH 



ife 

S£Hffi© 7#J£c!?46, L^^S^^v>0fi± 1 757 “ 
b )iZMz.&<nx\ tkm^M,tZ>i§p )t i± ^_h £ ii 
^!::l«C§i^#otv^to Ltf'U ftm±± 

tL 46, M£jtt£*t±&;£ i?it5< &<> &oXjJcffl 
f)ftv^gi*L^o-CJ5f)S* 
a„ &ffi££©$&jfr£tx*sfc, g_txi±g|->A 
£»©l£M^R&^fI £ * o itv^ <7) tcM L 
X„ b >3§H±5$& 

&/^:§Cf)A LXfIJfflLIK, ^*A§!i±«*li 
LTflJMLTV^to 

i,l*ro»fS] 

1999^©«©l£Mfi(±lft3A7WA b yimm 
Li LtZo i£MSfirtn9904pftKA W£v>©^ 
H £ &5 Xv»*(7)fc#Lt, Ajttl(± 1990^HJfc^ 
X1.34gL^Lv>±itjn£^L£ LAA\ 
wmmatz t h±.mK&^ § oo& & t nmm 
w-imx-to 1999 ^ i:ov>t Hsu Kmmm. £ a & 

L, AO T WW-fz o A H ^(±1989^ L r£ B X mi 
<omi&t>ti, 4&.<n661'Mb'y t%*0 iLtZo — 
A, tFB(±4750A b 7L©#©£jStl:©#tJ35%££ 
* j±fa w * im k m i$ t 1 r v > i t o * m © m m m t- 

si^ i©x#a 

X & 4>I©iliO#^!±»6?^ L < , 1£#©}itJt 
4it» LAtfxv^w^sxix 'fx&?&A 
mmm>mm.-?fi±% A46X& ia »© 
Lv»S&*£j£©i& £ L xmw $ ±iX 
V'tto ^V>X\ 

A- (±844A b 7 X3 it, A V (±559A b 7 X5f£ L j|£ 
lito 

2010^©*/»;PiginlJ 

2010^ K (±, f&#©Ani±7(Mt3AA‘A(::&& LA 

& $ *LX is »K 1 fi b 7 fr b 1 ®2A b 7 ®*it 

faox(± jfittx© t -to mm 
ia 

75 b »4^4fJ b 7©AMrt ? A?il$ At to Lfr 

*>, ba£&?46*b, ^ 


7 b\ 4>K^v7, ri/“'/7» 74 # fef7, 9 
4H7'77ffBX& 0 it o 3-0 'y/N°X'(±l^^' 
A'L'X"tA\ 7y'7(7) ; E27“7iItli*l 
kL%&e>£&&foiEMt* t Witi.xZi Ltz 0 a 

a, 

L, 20104P (r (± Z.ff)MMX690075 b 7 ©Ajg^W 

-e'lfiftoit, ojik «*©**&#©¥# 

±^±^'7 v 7 ttitxms $ ±LX i; (I * 19 S t 

(®#M)o 

2010 ^ffi^©**ft«Sl?SlFAO) 

HSl74gJ5h^ 



JIRCAS^MS|5(77>f5*6 

m±<7)WS:<7)^ t, jmcAs«gm±7'77M 

Ho®@ 

IS#ra®F^lwJR»Jft^v>4i-o n-i±> 77')\Z 
7, -7U“'/7, 

1 v77u- xntm, n & t & 

'^fAwHiJ t±„ i©#|W!©F^i±> ^SS^-ft 

t^-7'/7n-7"f&J72ld*(r±5x, A^S^flco 
1 1 *> 

\z^ :f 2 / n- 7#o#o xv7, ai«*ilff 
^ftffl L X, ©SAMS 
r±-r±*'iF® 

A?il^#co»0^J tto Xco^iwi^ti, 

7 LX, 

l m frfttttzmtjz t l 

XM*$tlXl^to ^3<79®f^(±, r^B 
r^mj xto 

^ (±„t.±tt ^> f mm7mmMm<nmwm<n tz *, 
w^setoi^77r/i' 4 “^co^jgs 
fi^lfm^BKjLLX^f^AX^^ #<©^4- 
±(fX#SL*. 0 







JIRCAS—-3: — XNo.30-31 2002 


MWi 


i 


£g£a&<£M|fi] 


'J'¥ 



1 ifr^ 1 W1©MMtAPiil26R (WM 

BR~un<D£m¥%i) (a 

f3100AAJ2Lb), (APl5~l00AAA#fA 

/MlPrtf (AP 5 ~15AAAif) ^AP5MT« 
/hOT©^Wti©Mt*ffiii, 106R, 116R, 
127R, 166RfcV'd®P&0> M<t)APSW1^'A 
£ < *& ip 
-60 + 

ffid ? 177R ||S fljglJ ©/J'A 

(6^HTO) SrJLSip Sk£V'|£^®l77 
R/kgfcJt'A S|Sffi!±246R/kgh^v^ : Ajgift-eA 

•?*)&*?>, ±a*si: 

UMotJiiSfciciKftofco 

M©i£A£0&7t&A 4 s 
$12^10 JJ A Lf4A “ b LAo ffi 

it, flf»®S©Rffi*^Jffl%^a&ftTV'S, £ 

©id *tif»©*T, 

& O fZo 

HAife#©^ V V *■}££.]&&& A* KftfrtiT*' 
So £#f1^T* •?*;&*&, 

floiliDi:#v», Sb 
M«fbLTV' 

So SA^©S b ? 

49^d' L M 3 ^ t T4500P -4800 
pf't#L AdL ifi^TliM^Lo 
o&O, ¥^H^TI±3000pL*o 
*0 £7tTO£mm(±0.8haT\ ¥ 
$5^©0.6hai 0±#L, 
d 5 '150aM±© 1T V'& 0 

AST & 0 L i d &M0dm L fitzo 
MCtot«fo^fiv4 
©ftfMb, fift^©S£f©M 
£ISx&d ? <A 

rbM^TAD, A©lR0&Ad s 
Miotv^ 0 


»©IIWi:, »fb©M, 

&, f€fP Ci^ ±WiJffl ©itsffifb* LW A 

Zti &o @A^Ti±S b b7AP©l£Af0ffl©m*> 
L M4ffl A tr©®f$SB§f&:fl*Jia L ti, £«c©«$fi!J 
4if04iSI©iifc©II^B^ 
TV'S 0 Mx.(i\ l4LLT©m@K, ®44LLT© 
p'AX L MJft£©iftJjE L ©£&, MiifMT^Jt 
$ titz\m*mmt ?saa: tt:±ot, a©^ 
£±mjil, m©a^^±itPLT\ 4p©#jpffi 

V y \ifhh o ASTI±21ha©S b >7 *fcT£f£o 

tv>sAM iim^©ig& w < p t d ? T ^ tz 0 mm 

\±W*'&<D%Mb®&%<D%M<D 3 Atjfflfl, 

mt, umt£t'-m.xmLitu 

A LT Jf5fc 3 t!l t TflllMT^ 0 7tV' L LTV'So 
miiPM iPAim-©fflil 

IPoT ^AH'pfg^L, 

SSe^T^TtPlO , ®^ttJtT©A b ^4ko4g 

d\ ^TAffillfbt^d'l±^m©Ai * 

&T&£> d o 



*SWC=t5)E«f4* (5ffi) 







JIRCAS—rr - X No. 30-3 7 2002 



hOFR 

¥« 13 %e©S«itt 3 l 


iz* it 5 tm»m 
* mi^w&w<ntzisb<D®mm%. 


2 > K^v7T?t±, 

a ^ mm ■ m 

^tcj&D'C^g <M** d v-WJ.'i'Cii, 
**WffcfcI*ft03SSfc:J: D> 

mmm 

m < & 0 mu?w jurn 

(Dmti&gkmto&mimAsW'&o ^<di^ ^a© 

<¥x\ 

smnmfkRv&Rmz x *) &m&m<?>fo±.*gk*tm 

&oTV'S 0 ftit\ 

s v> 7 #§ c£ t, v 

^.TA* f-5 itcif), 3§ 

Slly 7 r A & „ 

¥®12^3 
4 A, v> y^^i^gRco 


Ci*^Lt§tv^ 0 *^gi±, 

2 ^ 

*\ \z ®»! xomm £ -<m l #ss * ^ifc l fc„ 

4fc, 13ft3/Ji-!i, WSO'M'/K^yTS^ff 
^#5. ftfflftta# fc i & £1S * 1/ > A > t? W® L, 

#ra w o a « t P3 tt * ^7i \z is] nx <d mm 


tz 0 

m, im<v7pmw%%z.i3, 

t & if0*1?& KS£ * 9J5IK t fc» i ft <b 

Hfi a*, ft 

»!)it0ffi*i: i *&ft»goe«*fr®* if *mt* 



i ss^+^tHroSJSJftffc^w-a 
£3Sro®**ffl 


■e**o HHy^fA 

htti£±MfOT • mm 

S4#iL/:±ist)iPf 

o tz ft o r";v f§ f§ 
Srffofco 4*, 

Of^»t*lRlS:ifKov»r 
f±, jftS#inaKJ;4B* 


«#sk i •? ® <b fr\z Ltz a 

XVaafllJtirov^Tli, 

©j, £*#*&»* k m-r& r~ 2 ©itsuix 

%-mm ifiofc. *■©*■?, aEiispii-*»t*ii» 
&^©7 5&~XAfc if£>;&»£&o7t 0 3 iftfc, 7l 
L^»S7r-5 >mtA©*T©ft 
£S£frv», * 

O|go v^TO T- 2 ^-x £#Hcf 1 ^trafe S 0 

^ • WAir^BD 

7 7"-$ >ft'>X5 1 AO|||iE 

rnft(±> 

^7 3 >Tfr?imx i±, 

sa^», h^, 



H12 "\* FAAy 3 >xJ[/£<7)i[-/SI£fT< 


S: 51ft tJikTJbio 
lifeinx.^:, 4£o£S8ft4« 
^'s-69-^WfFffit^f 7 i;#c, fMtfr 
S«fo®l&i:asofeo 

^r^7-?--e§ *v^^EM±®l8^a^ i 0 

fl&HSiW^Sr^iftLfeo 4^> *77 

7-a- hfflJUUJ; <5, 

SraMkLfco 3P,K, ^tXAfflh^g*m*#©J4- 
*<*:*, lliI27~29B \Zfr\lX?-ri V?fr9 « 
^ >ftAlBIJ®fftftJIRCAS«Wft^ 
t®7“X>3 7^HffiL, ^tvrtUDilSOj&m 


JIRCAS--3.— X No.30-31 2002 



lift. m 

T)V9 KiiJtA 

ssnat, Ltzmmmv 

MU, 3jC^'TttXtr-ifi87T-5 >^'>^fAoa:a 

fe*siiatifi5£, »£ss« 
ffio&A t *©3&®©*£j£, Xii&AftflWM 
$?€, &n^%vfo<Dmmntik<omwiffit>ti& & 
t\ a <b *la„ 

h/y-'xx mux 


i%S.^?S A ifirtf 

r v rciv>T 

f±, 

OfI»(±ii5 <, 

&, 20~30%m_h 

tmfeztu -a 

LA®v>«&ttJR 

mu &©;?+#* 

e#ir 

4b^Irjl t ! E, «3W& 

ta®$tvrv^ 0 £A, i#L4*e^ji 
S?frfc;fvc # A J -5 A#a < Hit 

^S«^oJi:@o|i(Iffi, SRWfS&oMSd* 

*t#S3*LTV'* 0 ^£T\ ■ 

ii^OD --ft ;vx4;K”“ LARISSAS 

$a»«£8*f©M$&, &mz, 

£ftt & fcfllffl LA£»ttHfBfe&#rW 

M3&*g09t7n'7i^ >*®MiLTV>i 0 
*^KI±, -®HSOiR^J:*«l^'fk«:0O *** 
<b, A®:co 

g&ffllWSi®©* &oM® tftffl 
* 4 0«ll£*Jfiil80M@^wffiS1 
^SOMflfHfcSrfroAo f A, 

?'/3 7 -firm l tzo HHiffiiif®nwfc^-e*o tz 

w, mmmm<vm#)mMtfyf+frt<Dim, 

imvm&.<Dit*><D7#m** i^x b 'j-&m(Dm± 

MM&±Mitt K&^X A k K 

3IA, ^(D-U-rz\i^~fi ')4r*-/7fo4#fi 
mm £ m v' a %.m & ax#^ * 4 ;w < - a , x a ^ « 

77 Vr-v a >A'4£ALTio 19 , 

#«tt t wmn. * fir 3 *t & a § a m 0 t a o x v> 



03 ft^SirtCStWca^y^Ay 


i[rt*7 7n7* VX 5 ’J-vX'rA£aiA1‘££fc 
fci 9, AX#©MftB^fc&£AaWfcJ3v*Tj£iir 
a**rfBAf«tfNMir • *ffl» •»*•*X n^<73g|5t 


*a*^*3* a * rm-t 

&„ A^#£Ev>AX#£(±ffiH4«ft*# 

mm a l, & fii£ 

mwimi a&x 7^n7*vx>>i-^®a«icaL 

ftijtlta^t£Lto C,V>^7 

A^cDTS^tiseffi^colilWXWLTv^ii, v 
v^A AX#^ tr LT 

H •?, #«*tttJ *^-C-Ttfffi 1 1? § * ZWb 

frhZbtZo ttz , L-C, * 

S8« #tJ5«ii, p5iiwm »^tt> 
flTi#tt^*#JSLTii£LA 0 

V tf >T*t±, ¥J&12XJ$ 


i:t£it2o0n*v»r®a6a> 

IgSSO^&SiCKtfit? 

Sfefj^o it, pg 
il#*ici3V^T «> i < 

®gta*i2Sii, 
mmmmbtzr 'fu 
7 *UXYV~\zmL 
tz^mt LXffl'&X^ 

^hWofco 



mm * it 5 «&<7MttiSig 


7 > 7 □ - 7 (i || If 5 


TyftiStii, MKv>^n-L 
l h v > ftn- 7#<7)^ ftn - f 

\zih mM'Jsik • 5m § b Km 

ztz&fam&w^<vmmRu t M%&&'^<nmftmAK£ 

tv^ 0 

KtDtztb, 44nyi?ftl±, 

m m.m±m<Dwmmm^.& cgj »t A»ignHw^ tfi 1 
a k k «aS«HXimKOJRM 

[p]±«Aa6^, *IigfO*»yXfA^iit^o 
- WiSi^tli'7 > y n - 7#<7) g ^I^llfg 
L Af£SAM«#®aff £5®ftL, $ ?, tcJR^tt[fi]±<7) 
A* v> ftn - 




JIRCAS—n :—7 No.30-31 2002 



* ®t & 0 


Wi'kom-n • * mmitt & -1 k j o, ^ 

y 7* n - ^ y^fAOf 

5. • iicft^o 



5 roy>7P-7M 


Wo 2U'^7 
x7'4®s£*#ttb:M 
LT X ®^fiafe<75f3 
F44»M7 vM’frS 
», mm2 yr$2%/ 

tct, t ttm.it&# 

£7fc, W£tt£d*® 
tt^ojSbMMfcfcJfcR 
& £ 

t i ! H'ot 0 

$*iS*inx.fc**y^ 


n-7gitl± x 7 > * - 7 »± 6 B$ Wife K t± l/3«> ift 
*i:* *9 , 2 HtC(iff!AL* B ffita&fiiftffitt 2 Bt 
E, , J>iSlffil±9Hti:0J:4of; 0 7nn7t 
2ba*(±, ^iDL*7y^x7/4 ? tt?IL*2 H&fcft 
7*0, 7 


7^7tO|0§ ft* c 


7 y y fc? y ® v y7*n-744;7Kii7'i± x xf-?A 
7 K, 7 vX®EUS (Epizootic Ulcerative Syndrome), 
f^7 «7&tb'7AbA-®#glX<7ffl®^£leech 
(MS), 72b/-?-®iji£i|^£t£u 5H7fr>a 
<7)^ol5W^.A (Amyloodinium), 7 V-XIf ® 7 4 2b7'|'4 
(MBV, HPV) (Vibrio 


harveyi) A*?ELAX2by?-®JH 

1 VtCPE^SSS ft*SSN-l,«ig 
*±ftfcov>T 7 7 2b7l4flf£ii^ffi(VNN)#||6^7° 
7 7 -7- SrfflV'TRT-PCRHTo *& £ 5VNN#^14 
®*S/ty p^m$ft*c £®X2b/-?-^f>55-i!£2 


ft*7 4 2b7f±, ^aa^eOIMH, SSN-lj»ci 
* 74 2b 754li, VNN#H»77^7-^ffl®ART- 
pcRffitci^^ai, 774 

2b 7 HJit £ VNNSH 7 4 2b 7 7* -6 7 t <b * 
b ti; <3 tz a 2fc£W±7 4 V fcfyfcjsttSVNN®®^ 


v - y 7 fc*s it i v y 7*0 - 7bA7fcit®7['CjS 
Ifi7xf^lol,li(±, i®iO^W¥^6H 
i >/4t, *M£*l:(±m.7-f-b y-e*o* Q 
7®ffiM»±1978#JaBN± 3 F*&3.3f> b 7/^^^ft 
mitf ® i; 1.7^ ii itiD L * Q v y 7 n - 7n«T^ 


H£ftT®£ri*f±'^77'7 b, A*n-f7 b, 
JgfflSI, i'r|SiF7r>af7 b®5ttS?*S„ 

(zt^^-r)tr mftiixt'itii, ^y 


S®^fei±7-S*aHLTv^* 0 


»^wjaxif3Bi^-r;u^sifl)»»f • rsi m%mm 

3€# 7 y 7 i±ft#74im® x tf#® **ffi * * MM2: 
£0, 7fti 3 *®**^'itfeii^®*S*^LTV^ 0 
L* U x tfL® 
b77°y b y y b*n-A74 2b 
7 (WSS ‘VW <v 7 4 2b 7 #| L % §|£ij * W S t * 

otV'io £ftil*®xlf®74 2b7#iK*ft 

tm*t 0^#l®*E£®Kt£££tf 3 7FI'A7;fc 
& 0 vtzifi-o t, 4:g|g-e(iiftfe.7'i’;p7iw®xtr 

#i® §«££ t L“Cjfiif&^»l^»fffiOWHSrtt* & & 
fcWSSVfc#1-*l|i7n-y^fc®f1=***H 
E, tf#|jg 7 4 2 b 7 (DTfmitmm 

zm%L tz a 

7i/-->704IS5f1i, 74 2b7#|«pi4;:i; 0# 

O*o WSSVIi^^'5lS§ft*^7yfflS^74H 

ffLTW;if *'7jilt $ ftT v» * 0 
W2 n-yf/C#®{4Jti±, fT, t|xb707/f 
2P7ii^m, ®^^^^fe©7 4;b7@i|3(, iftiHS. 
y f *SL*7 4;t7*fAlSt Lfc7 77^oM, 5. 

< xn-yffl)Si:®ffl!g.S4l^^tf 

7. ^np-Ht, 742b 

7tr#M85*^#^mLTv^tt*SIRL, 7ft 

ffl 

Saii!^T*(±90%m± i: ® t^-e® n n x - 

®^^J6feft, 7ft®«®tpA'268|fc^l®lfexH' 
imKMLXm^iMmLfZo 7®tp7'38|^ 

H74;b7^#MS5*fet#®^^$ftTV^^', 
^®m®7-77 n-xy 

^L, LT3#£# 

tMLtv'So 7 4;b7®if?Sfk^i:*v^T, 
,7;b-7 9 ytli 0.25%J4±, IV 7 A® 

4r$Jil*ilffi7'(± 0 .5ppm m±, 4 7 y y ® 7 K K y 
3- K-eii 1.25ppmb7±, X7 y - 2bT’i± 30 % J4± 
®?iffi7'x tr <Dmt:mm%k * b, b 

V 7AI4 
4 V y y# 
o^nyy 

®*^> 7 i; 

Wilt 
V>4 0 



H6 xt'7'('2UX#lirj:5®®7^®7^3*'-ro* 
mH5E 



JIRCAS—-3 .— X No.30-31 2002 






s 

£ 


£ 

9 

m 

«*«a* 

S 3 

ft 

m 

9 

m 


SISfltagB Somsak Sukchan 


V>T^P7 7 U'r^ffll'/c^il^ro$5¥S^DREB1Atf‘a®-r5SiI^ hUX»14$Hi^80>l^£ 
£***3 BHU#£iI. SSB>¥. IIJSW. m-if 

tiamm. mmmm, mftwmsT-v&zLEA* 

Tl'ZZ.ttf, cDNAv<?P7K 


m m 
ft m 


9 tt 


xu vif< AroaAMsMJSttttis 

£«XS3 

il JUW?* * X U * y 4'X—tf7 -f Vif-T AOJBfeEJ&fiJflliltta £ 3;:,!; i: J: o T, 

L-3tt£«, L-1ttj£€»imri.\ L-3X 
l — i • i-2-mk ! kb&vf r £±'Kk\mm%s 


- * - € f IJE U ifc/J'9Sfc $ Lr34;8 tf Lr460>aS$W 4Sfe;S 

ffi i 7^7X-tls 

# £ ffl£ 


9 


< fljffl $ nri'«*S Lr34XtfLr46l= 

h(SSR) v-*-**§*£*>■£« W&ttZm UT*fc2? 

H 6 AHC? 3 . * £ € S6$Wl=SttT # 5 o 


<r 











JIRCAS—rr - Z No. 30-3 7 2002 




A $ 'it c «t« t raMwat* 

II a £tt9l&gE Chairoj Wongwiwatchai (=1 „ Mtt&St (XttMf) 

WSE 

mit*-fro#s±*flaf^itt#i=*^* n<Dmt§vit. *m b72 2c«tsusiantjei;:i-^t- 
&ic® mmmm ;rossi®ro-gB®it-?v-f;n#•?««151 , hm+ ros*e*'*is]_bt-s/c»iaiaet 
±*»s^ro««o«3i*fffign*o 


■a- SI 


S *l 


££1*84 1 y7>t^M*©lWftit«»fk urroimstt 

II a £80*3 KIW^, *S*/£*s Taweesak C. 

# Si w* 

1 < s *i'*csi»a-r««*c«t*;^ssroT®±«7xrojpijffl^Bjfgi:&u, warn *2 

ZBtitztfrfyT.izmmtsm.&mm tiu »ctes*»K8fl:*±*pH:tfl£u'*fl:T£**^snsf«is] 

i:S5 0 


II 


£*1*8* h$*bf<03£88railSMffl-tttt* 

?i a £80*3 mimm (mttmm . t&mtnz. chairoj wongwiwatchai 
mm 

«i£ • *ifi^iro®fiissi • imtmmm'ZZo 


ft SI 


S 


AStt8« * h$*fcTC*lt**8rt£«u:.J:*88n*: 

II a iiSHiSoB £ii±®,K$l£^Sompong Meunchang(^<j#iM),Praphan Prasertsak($<iiMkSrisuda Thippayarugs($-fliM)-^IBM( [ f , *lli) 

ft SI W5E 

2 * s *m'« * s $ * tf I*, 2 ~ 3 mvmm * s*bsi= £ ■? rmmt s i t # •? t s „ 

5 


II a XSititnE fit 7^(1#, EBliafls Uthai Arromratana ($ -f JSHfj) . Tawachai Na Nagara (£-f mMMi) 
ft I Bg 

nmmnmitio>mxtf9mftiw*!B.k »s«>*ss:tt*5£K-f lt 
a&mwr*u, ^lifiMrojRM€is§^t if?*. t fc^jg ta sitcjrs-®co®3s„ 


5 


J&S'lf $i£ Kelt* -f ^7jcE01= «It 5 HWilTkKitfiM 
II a £80*3 B88fr (Hxffl) . /Jv* 

ft *i sm 

mt* 4 VZtzMZ.lt. ibjC'>- hcoffA. £ jfcti±*@lbSiJ (v?"*'> 7 ' 

*0<bW) C J: *8ffl6£flftfr3T*»;. ±«iSAESih • 


S 














JIRCAS—zl—X No.30-31 2002 



g m £**«» mmuB ujiwiumjf) x 

ft i ii 

5i'M±*ro^i'^t$'rro^7KBa±air'^Eaits«tT?^, ±M-g*iki?2o%T*&zt7i<.mii* K^y-iosroa^P 
it§mz5-z-?iZ' ±mvo wimw-m s£s mj■? $ 5 0 


9 ft 


Eg 9 Iff 9 « 1E«*«»K C * It 5 salt®ItOI?ffi 
IS M ^snitsi? mims 
ftm 

&4 i< » e> * it t r a ^ * ffl t^ > x- >is*ro»Bi^i6« * sr k i: t. c s #1 

iliMtffi js « tmt 5 *a * 8IW81, fc „ 


» m 


9 m 


8 g giimi-feSB fStt (*£*jfcffi) x *£Jfeft (ft£*jfcffi) x SlJiffi, ‘RI^Hx M.C.Macedo (EMBRAPAPM#SE-fe>*-) 
W5E 

±fi®7-/U4a7-S«f (AM®) C 
Jr-^TfilaicStix ^W^Jl^lix ±f(lp H**'■(§; IABif3t#t' 0 S/cx Brachiaria brizanthatB.decumbens 

WAMlfeMA'Ii'c 


# 11 


9 m 


I jv '>';nt/Ot-rote-;ii4ic)iu***t*tt56«^a 

g g giim±(kgB v»tt (****wjf) x nuira , swam {mmmm) , &tt mi (*^*w) 

^5y;nt/ < t>t-C)E*''5®Ii-tero^i-fe)gjSC(ix >*7(c4 J C04#t)''nrBg4Brachiaria humidicolafr'ISfc!SUTi'So 
B. humidicolamtfe^filliJlEg-rS^liSS^^EilitoSTlctf'JIi'/cd)*, b74 9 -£J:S^ll^njfigic*S 5 ft 
mnw&imirX^Zo 


g g ISgaJHIMi(Sif*),Pimpapom Pho!sen(3>t>M»$*>$-)xWitthaya Sumamal (3>^>Si«^t>5-)Taweesak Chuenpreecha( =1 >$-) 

W5E 

i^ti/^-anWi±*a«roie^ (CP) Asia's < 4* 

ASfi^JiiPtSo SS?L^rolt8i::9TSfMl*/Mf E ~ (ME) 0 9 K J/BWK g0.75T*5„ 


# *1 


9 til 


•a- 11 


9 m 


& s tt a« nmz k « jb i ' * 

8 s *f«ijflas jie9Hx sbbjKx asm (*mm±¥) . ™t (+sj»*±^) , $mi$ (*sm±m 

ft m 


9 m 


±wmm*t LTMVknffiik, 5Ui, >I£W»7ktffli'££fcCJ:Ux m j f>eJg(D,SSI£}i4^fc4<x *a** 

s zzt mm t*z. 















JIRCAS—rr - Z No. 30-3 7 2002 




«*««« 

m 

M 

ft 

m 

m 



*a k * w s itp Q pS if ■- ^ ><7)ipxft 

tfifflfflS SB3S=, JSUBi (*SSi±?) , $18 (+!***$) s $1* (+!***$) , 3 jE» (+s***$) 

54*75 • OtV**( 7) + ?\ 75P-^*20%jy±ro-f>7 , 'f*3ie«ffll'fc 

tf-7XDtttiT*A s ‘iit'o t/c, jg« 

(7)tlifi ±O It K>C tt, KB0) 10% $ fffillb 3 £, $S U «)*»* 5 «J - i:8 - CStffcliitfS fc <£ t' 0 


mmz 

m 

m 

ft 

m 


m 


?b < jwn- A^JIM 4 6 cDSliEJt-tz ;u □ - ^ /\7U7 S <DIJI]« 

# * SB Wan Rosli Wan Daud (vL/<v7lfttl) 

^>r;U/\"-A^Mt^UTiS±Ift^^>4'^^TV^y'fk • amfrfci', gE#<4I#»p n pC 
J£l '14* € =t T 3 ® MJS -tz ;u p - * n)V7 4 mm U, ijffl*SI« jg 

4 ##i§T * £ fc ? * * „ 


jssiia« 
s s 

# g 


£ ift 


tk m §b mwmc, mmm 


+ mi is i' T #5I£if m CD ^ i' / \ 0 U > 43 £ lf?l tt s t IZ «fc § p n p ft 1?1® 4 6 tf C K-ffl <7) * 

^bro^^SJpJBf-rSfcs gP^W®^4SiS®iim:Us !¥&£ LT 3 HSoafEffi^fi^ifcSo 


££lt#5ix t* ■?•§§£ l t i' § o < ^*#§<&$ ? □ - >fit** 4 ffl i'-s mm 

fi ng 7k m SB ±m&x (#5iw) 

ft H 

# 5 |ifcfi::ggilJ 4 MS : 4 ^;tTl' 3 * r 7 < h X *° y h'>> KP - A'M ;u*(WSSV)«, l£?n- 


£ 






•5 0 



?i 

m 

ft 

m 

m 



4: -tf"V 04* >««£!' 

-;t«FS ajni:#. spitst (£w««) s n*-&3s i±s?»ii^ 

m±^mmwzt>'oy- j r'(>'f>&m ntsascsj 410*1 m=f&) bb, 
t ztnb<D%mzm^iu£, m 


10 












JIRCAS—zl—X No.30-31 2002 



S M 
ft m 


9 ft 


hvhffli hn>P'JTMsHSP(7)«fiXH^XCMt5«^ 

it H 3t Rif Liu (Shandong Teachers University) Jshwal Singhdndian Institute of Sugarcane) ,Jaral Ud Din(Land Resources Research Institute) ,^*5SH,SIPit5b(tflH*#l) .SOUS!# 

h? h0)$ h=l> KUJUfcS— hyay^PrO (MT-sHSP) iiiSX 
KCa* «5„ 


s i 


s « 


it iyT«S4it#iiW 

^Sts ans. #n:tt, +h* 


*B«wa** f ai#4U- h't + t'Ttt, ttaEfltfl'/JvSt'Cfctf* 

mm zvbz 4 zmwM* s satga t u rfw t § s 0 


fi 1 

# II 


B ft 


it a s pjf /Jmbws (*awf) , seasf^i (gam) , msm- (gam) 


ij>*'y?<)-->?mmfttzti*>*v i 7$Us **>*©*»* vmm* «a*Ajyi5a>BEisAu: 

* l' T Hffl 0U 1C *4 L T l' 5 (7) T\ ± > * 7 ? V - - > ifg&S. 0) Z ti e> <D * * 7 (4 x *#S 0 ft A 1C M1 5 « 


s i 

# ii 


n ft 


7My*^y ^ * -> * * A S/0£#flMStt 

it a 5 0 f iRlifUffs 


*-*'>** A*>(4, 7$ • *?742©7*<?^a0aSSi?**7^#'>SMA5/S£lt«jfijtT«»* 
tt<7)i*£#T&U, *(,'*«****, 


j££1ta« * 2 >*££»«■©* * >S!ltiffl*aiciif|p n p«rai4'&3 

ffi S it a S Pif $IM,m B.Wang(itifi'\l'i?EI),D.Dianou(itaJS'M'iSEI) 1 B.M.Espiritu()tijgM*I),G.Oyediran(ititgM*I),W.Chaitep()tafi'H'i?EI) 1 #*« 

# H 


ft 


ffi***B00>B«BCtt* * >SHt»KMethylosinus spp.tf'£,fe U B4gfl0BBU:*S# b<»* $ 

< 4 5 tti«M ft e> S&ffiC ft W Til JD t «o TKfirog^li: * It * Z WBB fc * * >fl£ifc:l t It Jfp n p«ra ?£* 

c^sb-So 


#t<(±, ^9^-j 2002 ^ 6 ^^ issn 1341-5131 sr#MLtrrsv> 0 














JIRCAS-zr-X No.30-31 2002 




se:#®® s»**a±tEWKt 

S#®« igi8Sg5±ffBf?Ef 

£#36« »a*»«±fflJtSEE 


iWKBafflJFfct 


¥j£l4¥4a 1 0# 


/JvK iSB 
**4 5SA 




^Bisssaasiss#* 

&BiS»SW?E3£*?4ft 


8ftffi££R£ 

BB*#*aHWK-b > $-ft 
(ffi&KJi) 

JHWJffltteffflfKt 


ifcBiSSSBI&W?EiSSf 


H* ffijl 
'JvK *E 


gfisSEKSis (««) *n« 


:s)flfff mrnimwzmm&mi&tt 



SSSBESS (A*®) 
CSftffi) 

B^tfSgBB^WIEtfffit 

(¥j£l5#3f!31B4:T) 

<feilSS&gB±ffi3f3E£ 


88§as#tti* 


*«ifc«S*SW£3r 

mmmmwKi—u) 

ifeBMSai±ffi{5f?Et 


*aS±ffWfcE 
>>MR0r{E»S (MS®) 
8£*H»SIS*ft 

a#*a 


«Kt >* -8gS#Stl(f f i*f » 

ai*sa«*ajHsf«-b>#-# 


W!E-b > * 


IIWMiStMig 


S (A*®) 

j+SISBrES!* (®««) 


a#*a&a#a«BJii aaaat 


¥f&i4^5£ i a# 


¥J&14^6£ 1 0# 

(feifMSSBft 


/Mi tt 
SHI 9.B 
»ES SIE 
#JI| -1& 
X* t* 

mm is 

m» ttx 

ifffl »* 

a®##* 
nfttsaa^ 
*» #s 

«7fe «* 

ffi* is# 

'>« 

#1*3 SiS 


iteffl s- 
Stk B 
IEB* 



m*? (*±): (*±) 

(*t) : motmwm (*t) 


ab# (7#vju) *aro*x 

5S)J:34Si'Itt4<, f«l±50Kgt±X4'»J *1-„ JII^TfeWTkfflCSfftSfF 

-prttA,ft^'STc B#c«:jiiiaro«a<o t>*>^o3’>®^cu}r< 

£ X fc A* * Z * 0 7 t A'\ A fc (0 A' A' t>V l± £ ‘ J 4 u' J: 9 7T „ 

Jfcttiftco^ (?7'») :S¥ (*) SctttfttS* (#0 

< fc>A'5 0 ffiro^L'1034'6 3 mili!|fcS<0£§A''&u'<07¥l;i:*-3 7i'-3A4 

4 - 5 tuscm attti r % <* iumtz 0 

actt®nruT<.'*ss (r;nf>?» : mm&^(D^Mmm'mr'nt>hx^tc 
hn-x /J'*, *a, tt^rofs^w^sro+r*, #c£H!7»ro»»£ 

Lti'fco ¥*l±SSifc/J'Mo 



JIRCAS-n-^ No.30-31 

TO14^6^^t 


3§ff 

«SH &jiii!«^g|gffi££$'R ttSBmi* 

T 305-8686 »irO < }ffWy*» U-l 
TEL.0298(38)6340(fffM41S) FAX.0298(38)6316 
#-4^-yT KK* http!//ww.jircas.affrc.go.jp/index.sjis.html 

■0 C<OEPBimaWi«S{efflUTC'*t„ 







IRCAS 


2001 


7,— zl — Ts 

ews 


□ □□□□□□□□□□□□□□□adHUD□ aftiCiitoo□ □ □□□□□□* 


| 2 □□□ JIRCASD □□□□□□□□□□□□□□□ □□□□□□ft 


1 3 □□□□ □ □□□□□□□□□□□□□□«! 

1 4 □□□□ □□□□□□□□□□□□□□ <> 


5 □□□□ □□□□□□□□□□□□□ 


6 □□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□*! 


7 □□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□4 


8 □□□□□□ □□□□□□□□□□□□□ (AVRDC)«f 


9 □□□□ nnnnnnnnnnnnn::^ 


io □□□□□□ □(□□□)□ 


11 □□□□□□ TARC/JIRCASQ □ 30Q □ □ □ □ □ □□□ 


12 □□□□❖ 

□ □□□ □□□□□□JIRCASD □□□□□□□□□□❖ 

□□□□□□□♦ 











































-U*@ZY 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2001/No.26/index26.htm [10/7/2002 10:10:38 PM] 























ISSN 1342-1999 




i?3£? fcA/CbfcSJ; 'TV hlCT) 


s 

l#glw &imitt&Afc<!:ffi%<p»raral . 2 

I^|J3-^-- 3 

• mmmcpmm . e 

\ 7 u . 7 

_ -7jc^iJffl0|p]±^i6^UT- . . 8 

ron . 9 

\ X(om 1. 10 

. 12 
































RCAS-i i -J.No.26, 2001 



#± PISA 



1. (jircas) 

±frift>±A4t 

19703A IMIflllf(TARC) 
fc LT|&J@.LAJIRCAS (1993t3fc&) (±, 2001t 
4 i! 1 H * fc o Tjft#Ajg€^<biioZ U »£*?& 
ifcAfcL-Cffffll&L* LA„ -tu±, B#Jt d&® 

mmmz 

X d 

MtLX%M-£titz$y®'ti-o irtv^Aii* B<A 
fu^<7)#nt *> zn% <, ^a«i*i^i 
fiiJ#otiWm 36TOfc#tircsi5©A 
^(Af&SJ^AtXJ^d 5 '^) *3, tcoA&ii&A^i 
ftttPft^tiT^fto £*©*§*&*» 

CIFiHJto 

2. JIRCAS^^fJ 

»'@C0^#g^t±1S< (ifcSm#40%), It 
#®iMitS<©#“e«-eto BMJcttlMi® 
flt<A 2 fgM_t £ »co±jft fc## L ft d 5 ' (d ti£ £ if 
Atv^toifLv^t • mm ■ 
2010t^«^fliln^«gll'fg*45%i:®i6f L 
to »B©jI#Ajg'im wlblRifribjl, 

a, M®mmx%&£, t < ^mitta^t®^ 
l, ah nim t tm, ffr#<o 

Jtf4tjtd ? An±iiraPii^o t£A Ad 
titv^to Ad LA^£#t&£. i^I^I 

<7)^fl-tn©[p]±nw4f * a 11± § t>#>xmmx 

to ti®M' £ 

0 t> ££$ tW'B<A M4 • SS6KS-C t * 13 f to 

jircas<7)^#j(±, [ffl%m±mt<nmm,t)zm. 
LX, 1f#cO^I4 • * S 

•e*«3, i)ot Ifm^tftii t Jtt £ mt t mm L 
AM#7kmM<D&mMmmizw^ismi±gizi3if 
&M»&M/z+] ttx to ios«M±^ Atit-e 
tm-$imnmfoz>i><Dxii$)0 z^tAo 
t±„ 

(mRnskft&mmawiipi* 

A U&M ffl%(DjmZWbfr\ZL^<o, 


^m<DS,mm • ata ■ axw> kii 

mm xmz> mifMA t mm 

im, mmmvmmm t 

#i£ d iA;^*)IL/;o 

t<7)^ 

atLoo®fs®^^sfet& si:itwd*'e%*f3 1 

“tAo 

3. JIRCAS£>>£i& 

JIRCAS Mfg, m, tt&ifl 

StAS * AP M•t £ *g£V># F3SF3& *It^Kj izm P?fl 
tifcfe, J£lT©iSS&S:fiVtto 

OTi£_tB<73^M *JR«3 
AAA d s b t^lwi^ftS AJt t o 

*mmxmi z&mt t * a a, mnxvffi 
3mtfmm-%ffimz'o\,'xii, ait-ew^sstT 

Vtto 

®as&&±affi$&fa*®iitt«Aa, ittatc 
WSfr&fcffiJfcU o < (fSWIi'e#|W|©F^^* 
IMLito 

4>#r • MPA&Att 4 's? — Ay POlUfflf 
ftV^twIfiyX t A0>B§f&* AtfiH^t to 
©» A £ SrIB #, 1^7 A v A 

a ■ -t4 A-^zmmLi to Attap^t^A 
r m^ikxmm #^edm 
HtAP.MJ £ LXllB27B~28BKfm^^ 
LTv^tto 

© art <d mwMMmmj d smib*® * 

AfrC*J L LS to 

®P^M±Miit^t®^t^I&#<73M4 ■ MM ■ it 
*<7)S&l^fiJlf^SC:ov>T, MCISA 
^rSrffvs 

^HMUtftWSr^ito 
m± L AJIRCASO®tl ^ tx t A * 

pa m>®itrx>mmmm%mm<Dt> tx\ tuit 
• s^edPJfv\ l& i>*<?)&& 
d J AIE ■ H0JJ ** A d &m»t£t& A i:d ? A 
®tto m$jld 5 '-#A&oTA§ *®^SrW-6 
id^LAitSv^to 




JIRCAS- ^ -XNo.26, 2001 



life ttfiJ 

niist** it nw &4 


m\ +»is*0)jii9n 

y 9 - (jar 

Rry?-J fcv^o) ©*»illl«83Wl±, TO3S 
4 if 1 H^ibTO18^3^31Hi’CW5^Mi:1-*o 


mi mwmwiwmtizMTzmm 

m<D 

jmifK ^XliSPAj-e, pit < t l %<o 

IS®S^7 o 

1 AM® • AEKDHJS 

(M#JI&) ?>§¥« 

htztb, *y9~$t,izis\,*xi>, mmm, m% 

)£SI:ov»t«.®$P m Loo, 

3£»*>£fc£fT7o i A, fflaiCov^lL & 

lifflfim g@25H£ 

MWtMM.(n%mmm*wz>o 

3 • mmit 

m & # £ SEg-r * 

^•SlftfcBISo &££f5t. 

4 a», taaoKEii 

AK^MSrfiAs 
MfrSSc&A^L LT©£*Mcj££^fcMtS®F 


*0*0 s a, 

tztb. BASILS AfL SLA I«i, 1M 
4rfH o 

5 wmmmmmvmit 

mmmn'&mt, tsmit, xmmmmpim 

<m l t * taf*ifoa$ft alAo 

6 «||<D*«fil± 

±L#46* 0 

7 MiSSIIftf)Sii:firo|§ 


n 3 as(=^uTffl«t-ra-y— 

1 KKJfttffflfctftfKiiS 

(i) w&wftmm 

sp&ii#7ntmfeztitz • m ■ mm 

«j Rv*<Dm<k*m%<D&tt\pi*&mtLtz 

Lies- • m • &mz¥tfawnn 

izm^titz rm#Am©F^»ABiu it&ztitz 

r rmM±.MM L13 It * Jft#*g«f©SS:»fciiffl L 

x»wxm&#rj, r rm&±.MM nait* m#a 
■ ita ■ iJPX&frA 

H jolt* A L f ijffl MfJ > 

rnMXMiii k jo it * m±JM (ommm t x% 
^LHHS %>M % i £SAWLM 

*-©&, 

©JiSfc^itT, WwiMi'NWM^ 
#EOV»*Cfc#J*Loo, 

zmm&mmmmmt&o sa iLtxK-r^ 


JIRCAS— ^: — 7 No.26, 2001 



( 2 ) vmnimjjfa 

m L fzMm L-c®pgfW*M i II 

-To Sfc, 3i® 

ajc» 5 j&tf : $rtz%fimm@^M^Lr, nak&tf 

flwi-* :®s, m.zwmmhfrKt&zk* 
mfttz :-to 
H£t£ : Mb ± 

if'ZZt o 

T 7 sa^3*_bift«<7>£JBSI&$ll<z> fc tsb <&****£ 

3«teSBlii&0)tt£: 

a HiL 

fcfc* ■fe»*B§f&3feJ:g, @IS«M^fcwra-Clt 

mmu m(omffiMfawmH*T)i'<nmmzn 

bb b o 

( 4 ) P^jiAtfeil^ * It 5 **4 • Hft£« fc 3 ±fe 

t>Wv7, ®7 7U **§<T)1&k'f 

oyxt b«jfe#fc*4&.te, 
a jft#**®E»0 &M • 

b y'f'sXTr&<n^±L<nfztb<n 

• SWWffi^Sr^fcU Wffi£ 

ow^rafs 

( 7 ) ttzmtt*mto<»nmzm 

*n l/fc&l*Kj£j• mm 

94, ?W'/7, 77 v;^60Ef77D7x 7 


mvmw t ms&& i mm b „ 
b m ■ mim<DMM cabfct* • «?ks<js^t 
g^Sr^HI-So 

e su&Kfctt** ■ 
mmmzmwtb 0 

f M1S®#^©^mft©mA#AEH§rM 
tfj&«r£@§f&1-3o 
g n±* t iifn 
£0l!S&+3« 

(<) mw&±mmz * it 3 ****£&wassfF 
® • am • jqxfiwoa^ • 3;% 

*4\ VW5/7, n^n* 

wj-r&o 

b i: iIS& L tzi It ■ AS^© p D p 

«^t©ffiai»JhS«f S: PBUt & o 

©itOTJffl&«£P^3&1-&o 

m^mmb 0 

(7) msmAt-fe&n43 it 3 

nttmmmmvmm 

M77V %, «©t^n^xm»i 

a mmb?u 

*- 9 -<Dwmm^\ mmmmmm-tb a 
b * mm 

bo 

c &&??& v- 
v* y 9 f|©f7/t y91 hr ~ty 9 ~/t > 7 
tlll^ 

o, aH£*ig©JK&, 


4 


J!RCAS—=l— XNo.26, 2001 



(i) it t 

±<nmw 

9 4. 4 y K^'>7, vl/>f'>T^W|&^yn 

ttipffi k ±mm omizmwt&o 
b mttft<oWim.kmi<ntzib<D7rvy*i'A 
v v 

C w 7 n - fc LfcJft#* 

mmvmm ■ 

mwt&o 

(*) 

roflEtifc^tefctft & W«# £ rani- & o 

c ^jvu ■ m.jm%m<D& 

mwmu 

&C 

d if ■ ®if i:f4t^ *'/^r7 7V -/^ 

im<D-ggffig&<D%$i£Mzmwt2> a 
e wm■ 

iba ■ t& 0 

ti^raft^o 

(1) &m. n® 

frEL A##wTOaSlA ±>9- 

mi&t 

ilt^o 

( 2 ) itn, wfiPKDrafls 

nwn^rais. sra, a^> •&« 

O) mmmm, 

tm. mmwm. m 


3 

(1 ) «*<DWSffl<7)iEJi 

fc «t b 1165 \z m%m±.MMmr*<nmi£ 
m<Dimzmz>o 

( 2 ) ^(D&mtfcm 

-ecDmmKxo'&m&kkkK' 

u ftimKitMzft -$. 

(3) 3aiW0f^tt»<DJRIid:3pJSffl<DfliJt 

^«}g||fcBJl*Loo, 

«!«££** fc fc £, 

^ 0^)0 tfc. ?\±. i«a 

ffi^p a p®<7)W^ ■ 


su ft&rtsuo&B^H-rs*]! 

1 JDdto^ra 

a«*n»ai#sr^f d wiiap), m.<o%m 

®&o 

2 wmnmfttimisttmwnnmk&Q 

gf 

n&z-tzmmzqiMnmv^mimu 


mb 

xmcmtmm 

(1 ) am it® 

sara^oA^^ratsttw (amrva mt<o% 

**££&<, *<z>mLK&tb&o 

(2) A ttnmk 

ffaicov^, «o 

Bfi:ib, B^<7)«ti*A#^5l«1-^o 


JIRCAS— jx — 7 No.26, 2001 


liM ft 

<JSi|gSts 

mm • Ra&iiffioiafg 



Ii7y7I 

9 4, -7Wy7, >f > K*'>7 fcVvofcgltT 

v 7 fi, A, * *&&•?•t 

SSS, 

Titv^to 3&fc, 

mm^£^z-tfrb, lxmmz 

t^ito ms 

7 '77*ltI4f4Ltv^^ >f 

£W5M-*fc*fc 74 fl'Zffia&tf ■ M 

m$m<nmw /Dy'xn^iiL x^z-t 0 


itf*swM>3itt 

~MM7'JT(r)'?l'-'s7\z.jbZ> m4LAmW71 
7l/-y7^i£>Xlf<Z)#$g 
* UK L J§£ L 1 T v> S ^ 

^[cowtiSULfco irwi&JdJ-cfc 

74 KZlHKiL&mP&fflX, &1RK& < <75#?® 

wmm ^liLtiii^tttv^w^ 

ffl 5.0='^ 7 ffi V tt ^ v x If © 7 >f ;i/ 7. ffi^#Te h Z> 
*74 tztfy 
i Ltzo 

btib<o$m t <o§k$L*n'<-tztZ^ 74 IV7,tf 

&z titz 71 m*- trnov»Tjg^c 

oUifSTtac-fc^ iM4^K<7int^ 
•e*&£ £#*?*») i Lfzo 



x\£74J\'*m<D&mij& 

38&3-V7 4 n/ziUtD&WrJj&b LX, 7 4^7 
<T> £ ±| fig L T11^ & PCKj£^HK» K 

fifrtiX's't'to -77-77L/zz-47 4 )ls 
zffyjj'&xBWrtfnmxjb&frtv 

ZLtz 0 LfrL&ffb, £OJi£-Cli$|o^v*x 
f|:MLT#l«tSSffl»oTUv\ L* 
fc M £ « HIM! * 

±, miswcs i * t~(Dmm 

&&$> </) tto *7x\ mMfrh-fmmmjx 

nmmimmx, l && 

h^mtLX, 7 4 

l$.9u-y 

mwft&unmt, *-rmm&xtm t tz7 4 ^ 

4 79s ZmULtzfe, ^l±lM-7^7Xi:iSL 

IUo 

^xn-7« (7 

*Lfc, i<75«^LT«$tl7t-0(7)®ii^*[i 

mfcmmzmnL-t & -mnmifctfmmifc t »£• l 
fzi><DX\ *&xmmLx#&nim<n**im$i 
Km*$Lt2>£7K%v)i-to m*%mh*mgi+& 

mm & <75®!^»^iwii}tn x^h<DX\ 

b 7 4177 b #HW fc SiEI- & tm Sr lit & » 
£3SIJL, S8!) $tL7t» ZtmLXW,fifztm 
W^n-^^tLiUo 
$<75|§m, 7^X®Ifi«^xn-7i|J;0 
g4^i±9O%m±i:^v^-e0nnn- (ffflJl^ii) 
ifiL'J 

J: * 7.7 V “ - 7 trx i±m%k t §H« t <n K izm* 
wb b ti/zmmwb o * Ltzo ^(ntmmRu'T- 
'79u-~y7 (ifflam<75i>fijb) <nm±bmx, m 
&iXiz7 4frzftMRlBi:Gl:&t&3#nM? 

7tib% 

Mm&mwmtLxmR+ztiibKRm&mim 

TzZ^&ztMmt^z.x^t-To *13, 7ff)ffi 
?£t’7i/->7iclii:^it^m«|| • u 
lu y 9-tmz. 

MmizmimmLxMmztit l tz Q 


7 1/-y7fS4L!!;X (*7< KX*<y f">> K 

P-A) lC<fc5#M7 7*y7$'r*'-(D*Mil5E 





JIRCAS— zl — XNo.26, 2001 



fun 


SKS0J3EHSIE &l~ 

mmmmmftmnftmmpmwRzm) 



te&m'fuy*.? htm 

(«&& 

r4>a»J 7°n) tr(±, (1997 

-2003^) ©^K^fcS'fcSO-C, 

MZrmLtz o ^|0t0i:7^'>3^ 
£B§n-c, 

h®fsSo=#^ 

i:»I4* £m , ^tl0©^*I 

iHffi^Sreii H *W®FftSS#:fl**!S&gr <7)flF!& 
$£»* 

4«Wffi£PSKLi v ttmtz 0 

££-ci±, 2 if i 

y 3 77«^S 
£rt&o s 

*>^#_tRfeS/Jr 
s, *sjytg&B^ 

BBSSF^ISiaiEfSgisiWBJa*## 

ibHfcoT3fefc^P£jgfflffl»£:fl*, Ztifenm 
Hh^ftnov^rms^^LTto 4>affl«*a 
©F^as<7)W^a^^^t7tMi±aTw t ^ 
f)-e** Q n^ii^as^HWcif^^ *mm 

«aiR^io7t 0 

1) 4>H«ft*KSfc^©lRi3a* :®JS*tM©F 

r* 

iwiu, ©musi^M 
mmummftmvmm&m 
m, r^snjstt&jytM 
<DmxRV£&skmvB<r>Wii& 

HSJ> 

r*B«^ 

: Mm 

UAvmujo 

2) : 


(X)±mmmmf)r(DMmmmrm, r^a^mt 
& r <n 

mmL ®«M±w^7fo^iaw, ns 

• HiM 

y7rA Hjolt & o 

3 ) [*mK&n 
&im<D&Eitgdk®& Jo 

4) 

ttSSF&it&frJ, @^#€m^fW^S©F^0T 
f!IM®F&Jo 

5 ) 4>am^^«M#iu«, r*a Mm&if 

Mmmnxfmvmmo 

e) immwmv 

%m\m km* & * H*aw^<7)®Mjo 

u, #f&ic m so vnmmnv 
^sttwiitfii:^aii»«p D B in 
ov>Ti£ii£tu ^Biij^t®4>BE)t(±^ji+t 
Hl3tt*it&, I^W277l«(:i 

©p n pg*^i6 

& fcfc fc rfrt§v* x A 19, Efcjfrll 

SkM^<oU nifcjyfLTv**®-^ 
tL&zt* $e,izit®wroimA&izim<D&Mm 
'a^kbfi^t nmmwib o 7t 0 
* 13 , *WamfH®&SI©SH (2i!3H (±)) 
fcli, H >110'®^ < tf£ffi±1S©j&* 5 V)V- 

ytaiav* t a$ n, b * mb ^ 

^ft20£^#lJDL£o 









JIRCAS—^ — X No.26, 2001 


l8@JIRCASiHv/>/fv^'5A 
HftiiJMcmiHMJ 1£*H 
- 7k?!Jffl <D |R |±£tbZ U X - 

siesitffl® JEW 



114, 60®A A L A ifr#A P it, 2025#Kii 
80fiAHiif*fc^ll$tL, ir 

«t S 4 (to $ fix \*i t o 1"C 

l^tfAP® 3 fr<n l AAAJgAM AttA£ 0 , 
2025^iri±^fr<7) 3^(75 2 fc^StStLAV* 

ito iffcfH 

><7)MA 

A\ -1 

ilJftLtitv'ifo 


8«wjMk:*ras 

MHiitsuTit, AAJ£?>£CA 
A , A A 4M4<75$lit £ 44 4 MMft Afi 1 A A, 
*£Aj£*fc*tfA#iLA„ LAL, itug<7)A 
Il^iflffili, M4lt#WSic#<<7)jfffl£ 
fc A * if A i)TA<, A«iA * A Wk^<n& 
WgMA$tiS LAo 

iofcft, HSiiAtfi 

it A it, l&ktiAAifig 

t&feKfcigLA&gfcS 
ti, 

^IlilAMAffiiilrAlf 

WAfijMfcM, $ g a 

OlfiUifcB&LAifaJeSi 
AAA A gill AAA “6 
*g#«AlimmAAA 
^O'ito if;, 

AA A fc it, A tug «IMt tf&HsMo g 

AAA A < , § A# 

oAUS A t fto rgcj KIM AS 

d j^a it, *> 

Bfi AA^WAAEttUfA 0 iA 0 

r^P^MJ it# Af£M4#^MOHIIA it * 
tJitA ^M<A^£AAAjftHM^t3v>A 


a 

v'ito r^rasj 
wftffAitMWAm 

£5&fc#41-*tfA 
0 AA < , /*5>X 
©fctiAifcaSEfc* 
mm uv><±a, 

®J6AfigAl£®i: 

HXSALi do 
AAA\ 

**££*: **15«l&|nK S^SdAgAOMW^mit 
t M O'liff^ A M L AW^PilM A 51 § & §, AT 
wfISAouTt&ftHTU, 
t-fo 

1 . mtw'i SfS ■ M • Mfe^Ki#ttAdAA» 

ftJKAnmtt 

tgtt 

OHB# : #^13#11H27H (A) W28B (A) 

otm: o < (f s^m 


ae*»** *iico 
i/Q'fyL-rx-y va '(x-yxi- 



mtextmxiz* /h^t7/o' 7-«tiJB 
u /c, $ nr 



V- h^fcgfflKfettSjSS^a. -Z><nm 
B##„ ^-Uv-vXT'tt-y- + 

HtWt.tiTi'-S 



ro±*S«;i;U 


8 






J!RCAS—=l— XNo.26, 2001 




»****j6»»**i*ffl**/i-7 


, Him wiatm fw»»4* 

ujas^ssfis. 


S 8 £ & 


‘ jg&js. &s+3, A»&MVJUi 


aiw*s« 


S-\ PEU$H*$ffiF& 

I" 77-5>^v^t-A. WK77.TA 


B^7,?4 | 


SUMS*- 


D itGHSI'Jffi, DMfeWft. *4I& 


iSSSBU 


' MLWfr 


ggmtfegi 


r> gg^js, iatsi*;?5a». atmuM* 




WHS 


1 a*Wft WUXL 


k «#££. £44S&fiJffl 


* *»«« *£H»V1. 


»*ss m 


i^isb, nmmnmim, mm 
k «pif 

r flwwwiwiw. inttJKaNftWPJJiiffMta. 
«&£**issiM, mm 


mm 
































JIRCAS—^x — X No.26, 2001 


A <D®£ 


¥fig13^F3^ 31 0# 




SWS (HEtB£) 

SS^HtaSBifiWSEf 

>4± 

tm 


SaMfflgBiffWi'S 


is# 



»* 



sawfflgBiffwi'S 


¥«13ft4J! 1 0# 




(#8BA*) 




mmm 

?m 

#± 

B§& 

a* 

mmm?z -t > $-amita 
SB* 

ifM 


K* 

*IB—ass 

inn 


s* (i^a) 

!ll!l|f||^ai 

a* 


&B!S8gBS 

SSfIJfflgBft 

BP 


e^gB* 

4t@**Klt*if,8SgBS 

flli 

mi. 

B(gif®gBS 

-S^1f$ggB* 

«M 


iti«SgB« 


StR 

» 

SSfflftgBS 

«*«;ggBfi 

im 


S*^14gB* 

wmmmm 

§□ 


rtefWJfflgB# 

3E®3#H' 

# 

It 

**«gB* 

SS*M8S-&«fSE3fikiHiBI«E® 

»W9fK«a«*ws 

4>B 

3* 

*HgBJi 

TKiSgBft 

tuffl 

^IS 

nHSitfS 



IE0p 


4feB«»gBfi 


#fc 

(*as«is) 




iBWSgBWiiB^* 

iBM»gBW5E&B?4ft 

mm 

«- 

ifeiliJISgEiffiJJfSS'B' 

(WSE&iliW) 

&*SSg|5±ffW?E'B' 

(WSEifc®*4) 

mu 

#t 

(WSEikHIW) 

3fe®JiSg|5±-ffiW?£'# 

(W?E3fe®?4) 

tern 


ifeBIHSgBW^ifeBW 

S^flJfflgB 

aw 

i&B 

^BlHSgBW3£^B» 

S^flJfflgB 

/JvR 

ft 

&B!BSgBa*SlS»^ft 

&BW®gB5S»M®4ft 


ft 

ife*iiege±ffiw?E'E' 

3fe®5iSg|5±-ffiW?E'# 

(3«*SSS«^) 

im 

IE- 


ifc®SI»gS±eW?£'# 

(.m&mmvc) 

im 

-ft 

4kBlB»gBW^i*Wft 

4feBH8gB*^W?ESSW 

* 

ifffl 

#A 

ifeiIiSl»gB±1'iSfSS , B' 

(Bfsesam) 

ifc®Hi»g|5±ew?£'# 

(swHSf^satw) 

mm 

SiE 

IfeBHBgBBSW^WSt 

S»«;ggBSffWi'S 

fill 

iE* 

ifeBHSgBBKW^ESt 

&BHSgBW£&«'li$gll 

# 

nttS 

4kBlB»gBW$SW4Sft 

4kBW«gB4fS«fiSfi 

±m 

fllB 

3feiBllSgC«$g««IS 

(fa® 

S*®f5E-b > 5 -©fS£ti$B 
SC («a»if4SJS*«) 

H;S 

«SI 

e^gBffi^Rft 

SSgBffiSIS* 

*14 

«ll 

eSgBJERSSSffifeflfffi 

»35;4TiBtSAg*««W?E 

tsstifsisaim 


iE^ 

««gB)5E»S®at 

SSgBffiSSIi**fe 



e»gBJt«SJ®»«* 

ita 

m 

*®gBffi«lSffifM3Eff 

e«gBJKS5SA*ffi±ft 

a* 

mm 



*g«gBffi«§SS (A*® 

mmxtfmm 

««gB#flf$SS*fflife 

IS«gB$W-»±l+«ft 
4i£«gB£flfS (±lt® 
«SSB^K-S#l+«ft 
«asB#stis (#tt® 

*®S§gB#ltfSliJt«ll 
!®SgB#ltfS (ffljf® 
SSgB^ltfmKWIIlSft 
*S«gB#HfS (JMS® S® 
umsmtmmwMmm 
m ssnt 
mmmnn: 
mm Ji»«* 

ummmfmm ! smmm^ 

strigMliHS* 

um%zMvmm t emmm!H 

m-*mm 

s&m&mtmm'gmmmft 

^S«K 

asitssiaswiEfflat 

BSgflt$ggBBSgffi?E'lf$g , & 

asitssBHSwiEfflat 

afglflgfiBBfgW^lflgf 

BSIfSSBBSWlElfSf 

Bfg1f$SgB±ffi«f?ES 

BS1f$gsB±ff«f?ES' 

BKtfSgBlttWlES' 

BSSHf«gB3Effffl3ElI' 

B®fSgB±ffW%'f 

BSSHf«gB3Effffl3ElI' 

BKtfSgBlttWlES' 

BSgflf«gB3EffW£lI' 

BKtfSgBlttWlES' 

Bfg1f$gsB±ffef?ES 

IHHifggBSffifflif 

IHHWSgBiffifflif 

IfcftitSgBSffifflif 

IfeftitSgBiffifflif 

IHHitSgBSffifflif 


S®gBffif£tfA*ffll 

ummMm a*® 

mmn&mmm 

*S®gB#tttSfSII*ft 


*g^gB^ItlS±!tf*ft 
*g«gB#itis (±tt® 
*8«gB#ltll#ItffS 


SsSSgB^tttf (Ml® 
*g«SB#StHES«fi 
*g»SgB#tttffflJfffll 
S®gB#tttf (fflJt® 
*8«gB#itnjaKea«s 

g»*iia#s«*ssm 
gp«pffe**2is <«ss 

mtmmummmzsmm 

mm 

nm&mmm'emmmn 

mmnit; 

m.msumtYmm'gmmmtY 

mmmmt; 

ums&mfYmm^mmmn 


Ijpaiifisii 

m%%im9Ymm i emmM$Y 

ttp'M** 

-»l'Hi$ggBB^ffl£'li$gt 

-»l'Hi$ggBB^ffl£'li$g'i' 


-»*Hi$ggBB^ffl£'li$g'i' 

-S^Hf$gSBB^W?E1f$gS' 

-»*M1t$g§B±1i fflit 

-»*Mi$ggB±ffffl£f 

JSWSSgBiffW^ 

*««SSB 


SifTOgBiffWit 

JSWSSgBiffW^ 

ffl*«;ggB±ffiW?Ee 

-S^ffi$ggB±ffW?Et 

-»*M1t$ggB±ffffl£f 

£«;ggB±Hffl£f 

3E«;ggB±ffliJf£f 

£«;ggB±Hffl£f 

3E«;SigB±ffliJJ£g 

3E«;ggB±1iffl£f 



*14 sffiEi 
IE# 
±« A 

Hi-40 am 

A>n #ti 
ftffi 56 
MM ft* 

mm m 

*tt 'MX 

ft* IR'JX 
iffii* s 

mlu nw 
mm 

ji¬ 
nn m* 
«# «>& 
tea jrf- 
a* is 
sin » 
a* &n 

lEWt 

0 * 

s m 

sSiS $¥* 

&» » 

je 

sa§ &* 

U4 B0 flfBfr 
rtffl iau 
U4T SIS 
ihm m- 
sm it 
UffcSIfift 

®5] 

m *¥ 
jiftaw* 
*n mx 
mm 

si *m 
*7* -IS 


10 







JIRCAS— zl — XNo.26, 2001 



IHH 

C2 

m 




£«;JSsB±PP£f 

T^MSSBiffP^t 

fell 

am 

wasBftff 

a±frftaAss#«^wse 

p4r*54P3E^I«« 

*PiS 

(ft- 


£»MSSB±ffiP£f 

« 

fJ £ 

7j<jtgB3EffP£f 

**gB±PP?Et 

*04 

3tC 

£»«S8BiffP?Ef 

£«SSB±ffiP£f 

#>4 

** 

TkitgBTffP^f 

Ipiiisisiii 

4#ii 

S^JSf 

£tl«SSB±ffP?Ef 

£«SSB±ffiP£f 

+* 

-m 

7jc*gB±ffPlES' 

**gB±PP?Et 

fuir 


£tt*jgSB30fP3e® 

£«SSB±PP£f 

i*ji 

HU 

*ilSTftP?E£ 

7K*gB±PP5Et 

*ii 

mx 


£tt«SSB 

#0 

Jtil 

**gB±PP%t 

**SB±PP?Et 

pf- m Wfc 

£&«SSB 

£»«SSB 

«« 

i§* 

TkSgBHEpPSEt 

7k*gB±ftP?Et 

TEB 

m 

£ifiS»§B±£EP?Ef 

£jt#fflSB3EpP3Ef 

/j\# 

mm 

feaSBrAffiPSEf 

»a*P±*PSE® 

/JvjR 

m 

£HS*SB3EEEP£t 


OJEB 

m 





4MWfflgB±ffiP^t 

*JII 

-j$ 

»»s:pjks»s 

itHSPffiSSS 


«- 

£HS*SB3EEEP£t 

iesfijfflgBittP^S' 


m$ 

feaiPffiSiSffiSffi* 


HIM 

K 


strASSBittPSES 1 

'Jot 

t> 

faspjKi&s ws® 




iitiHiiSB ±ftP5Et 

£it#ffl§B±ffiP£f 

*&JI 

mz. 

-;tas:p®^s#i+#* 

4> BI*aaEU#*,mSB*EB 

*K 

m± 

SifatiiSBiPP^f 

isawssBittP^s 1 

Affl 

im 

»«S3r(K«W (#I+«) 

itHSPffiSffli (^lt«) 

hoj 

IS 

£S«*SBiOfP£t 

^wasaigpsEffla® 

IflEB 

Mif 

feasrpitsi* (#i+«) 

itHSPffiSS (#H-ffi) 

SBP 

iz 

SiHSiiSBiffP^f 

iS»«S8B±ttP£f 

*&* 


jtussrajitauatttapse 

s* 


iSffi 

ffi- 

£S«*SBiOfP3Et 

ii»«S8B±ffiP3Ef 

KEB 

© 

»«a:p±ffipse® (.mm 
@stft®ap?es:) 

-;+*SSp/f±PP9E'e' (itt* 
*St#P3ES) 

iiEB 

USH 

£ifBi*SB±PP?Et 

iS»«SgB±ttP£f 

SUftAgK 

5**s;3rsi(i«#«ap3e 

a? 

»asp (Hfg*|SIP^if4) 

+« 

K 

iUSSSBiPP^t 

£il#fflSB±ffiP£f 

JSJH 

*15 

-;+i8iS:pfli@»^ M/7B14 
P?ES* 

»#SBr«SA*e«f3i: 

s* 

sail 

a# 

(feifiS»SB±PP?Ef 

isawssBipp^s 1 

5JM 


>+*l3tP3EffiP3Ell? (814* 
A M^iittPSES) 

i+lli3i±«f (BBS 


TiflitiBB 

£»«SSB 

Ptt 

*al 

-;‘t>iM5^p4f±PP5E , # (i§iS 
7!. hU^B14P3EM) 

■;+*S3tp/f±PP?E , B' (f^Dl 
SASiSPSE^) 


5SB 

iifiSaSB 

at*«;JSSB 

SJII 

JSfP 

i+e^pjfwwa+^ggfgp^ 

s* 

PSE** 


m 

iSsastSB 

**«SSB 

mm 

3S 

-;‘t>i^S5^p4f±PP5E , # (W« 
attsa^p^s;) 

-;+iSS3^p/f±PPSE , e■ (Bfg 
*IHP3E?4) 

#«( 

&JS 

iSBusta 


n* 


-;‘t>«i5tp4f±PP5E , B' (*« 

-;+a*p4f±PP3E , B' (f^Ki 


a® 

p=p«as (ffi«isiap?ES) 



W«m4t4£*P?ES:) 


se^j-tegBittP^s 1 


if B 

-;‘t>iM5^p4f±PP5E , # (S« 
mttm&fHZzm) 

-;+*S3tp/f±PPSE'e' (BBS 
*IHP3E?4) 

#P*3 


SifUttSBiEEP^f 

ffiMifcgB±ffiP&t 

±m 

JE* 

-;‘t>«i5S:p4f±PP?E'# (*« 

iiipsram 

EBM 


ffitmifSB ±PP5E£ 

sesagBiffp^s 1 

ms 


-;+i@3S:pfl»®S»*)EiSiflJffl 

P3ES* 

-;t«£p$4*s«p^* 

00II 

-e 

Sl*iftSB±£EPSE® 

sasasBiffp^'S 

s* 

JKtt 

P?ES 

»asp (i4**«p^^) 

-SHI 

m 


sesmsBiffip^s 1 

pw 

u#^ 

P?£S 

*«iSKJ#u>=r5tJa (s 
WP3ES) 

J)E® 


SS*iftSB±£EPSE® 

sasmsBiffp^'S 

mm 

m 

-^SSrBf^EfiBfcPSeSg 

llllIl f “ iiS " 

±m 

JEJt 

SiflMSBiffP^f 

iiasK^^saP^fflgBai 

liJH 

H* 

-;+itS5S:p4f±PP?E'# (JS-g- 
lfflKW?ES) 

-;t>*13tP±ffiPSE , e' 

ffiSPSES) 

fim 

MJt 

SillMSB 

ssmassB 

041® 

IE£ 

?fitff±ttisse («■& 
I5SKW5ES) 

-;+a^p±pp?E , e' (ft«j 
ffiSPSES) 

+ EB 

Bt3t 

£##«SB±PP5Et 

£jt#ffl§B±PP£f 

%m 

fe# 

f«1EP«^R6KJP^S 

itHSP (#»S«P^^) 

i»Jia 

«IE 

£«*raSB±£EPSEt 

£jt#fflSB3EpP3Ef 

sm 

g# 

itfflSPa^W* 

■;t«spa«wft 

JfEB 


ffWJfflgBiEEP^H 

SiffiJfflSBHEpP^f 

Pfi 

fP® 

»«3tBra»m 

itusp mmm i 

if 


jESfWSB 

TiifiJfflSB 

ME 

HH 

i-MSSPBSW 

■;t«sp (asml 

*ifP 

iS— 

jEWMSB 

£if#fflSB 

mm 

s 

f«s;pa*m 

itusp (as#) 

ifP H 1 

iST 

**a§B±PP£H 

#as±ffipjEt 

fiffl 


f«$pas» 

■;t«sp (as#) 

SK 

JfA 


#a«B±ep&t 

EB4 3 

&¥ 

fa$pa*m 

itusp (as#) 

TEB 

JEW 

**a§B±PP£H 

#as±ffPSEt 


mm 

jtaspasw 

■;t«sp (as#) 

SEB 

Slg 

*«gB±PP£f 

#as±ffiP3Et 


*** 

fastpasw 

Ttutmmm.immikW'Mm'm 
mmm ^ #) 

/J'ffiH U 

ttagB±ffiP?Et 

iSiiill^Iiil 

®»P5£^ —-M 

mu 

jjS 

»as;pa«w 

»«sp (as#) 

cfEB 

Ktlt 

wasB 

#afiB 

ffiil 

B£ 












«■ 






JIRCAS-sr-^No.26, 2001 


C. , . gj|8|5]JIRCAS|ll&*>>7|^9A<B;rigrt 

Is | izmzmmm t ?m is j 


a h# : ¥JSi3¥ii»270 (*) xo^H (*) 

15 : 30 -fe -/ v a y 2 

t« m: o < tf gig&&# 


O < (fflr1tH2-20-3 (BIS : 0298-61-0001) 

OnTfgtt 

na# : ®8 0JIRCASBR'>y^S?A^Ay»^ 


FAX : 0298-38-6342 

Dr. Rony Wallach (The Hebrew University of Jerusalem) 

e-mail:symp8@ml.affrc.go.jp 

2. ±M?kfr<ommm t $Lm%7E.itm tut 


h#jius- 

lH0f 

3. 

BIS : 0298-38-6345 

Dr. Peter Thorburn (CSIRO Sustainable Ecosystems) 


28 (7k) 

27 (*) 

9 : 30 h 7 / 3 / 3 

10:00 SPM 

ms&ifejtB k u n & n* t 


l. X/KAxkfW. wiJMX t w 


kT f btt 


#-jj* m (JIRCAS) 

Dr. David Molden (IWMI) 

Dr. John S. Caldwell* (JIRCAS) 

3. t mikmm 

m wz* 


Dr. ChayasitAneksamphant* (21 ) 

13 : 00 hr/371 

2. m» ■ 



ijm 

(SSIffi***ffl) 


Prof. Ali A. Al-Jaloud* (KACST) 


£5«BS* (H^ffi***ffl) 


13 : 00-14 : 30 /-h'r>3/ 


16 : 45 dr -7 y 3 74 

Dr. Rodomiro Ortiz (IITA) 


3. h/f/Ttfttfc£©iMfct Blfgtt 

frft: t $ tiz mitwm t mmm 

(JIRCAS) 

*a ^ /f-j 1 - 



JIRCAS -=l-X No.26 

¥0613^ 9 


mm &Eiii^sigffi££Mj •tiiEPjmii 

t 305-8686 < (ftfXfc Ll-1 

TEL.0298(38)6340(1f*«f4ii) FAX.0298(38)6316 
— 'JT K H* http://wwwjircas.affrc.go.jp/ 

f§) croEPBimaWiffiSfefflhTi'Stc 







-U*@ZY 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2001/No.27/index27.htm [10/7/2002 10:14:20 PM] 






















ISSN 1342-1999 


-Jj^tiX—=L-X 




ttiiftittaAHPgtiiltokiiUffi SS-fe - 


2001 No. 




s % 

#sis 2 

m inta 3 

mu mmtmxtimvb--? ccgiar) oim tmmw 

2mie^o^#ays:jsitT. 4 

ypvi^ hW5E Mcfcttaafcfc&ffigjR^aj 

->3>^p>?i^hS*iH4l/T- . 5 

W5E«*flia ¥fiEi2^SaB«*WKfiE*1ta-R . 6 

. 8 

Sicilia . 8 












RCAS— -T — No. 27 , 2001 



« IflS] H# 



M 3 Sfc±lSB©i&«ffla 

A k LX77 9-YLtz 
JIRCASii, IfllWtl4 • « • 

opgs^ibi,^«F^©ms«^, t>&mo'km& 
Lmfa4Mmizffl3t<Dm&'it$:m&Ltt ltv> 

&o 

Ml$fc Wg< jft#*M££#g|S 
P3oi±|fi:#<7)^**fc 
LT#< 4o|if7" 

^S£^P#<©«^J£©An£^;U «# 

JtMli© Afe©fIA A'A*^W77'J #*&&“? 

S> •?> o 

®S«OECDPjflMli#M^ (DAC) V X p-e», 
i52^H/5%m^±ifiU'C\ 
^Mt#s6A##©iit?7#J£ftfeTv^ 0 H-t 
*£:£»£&© 4 tt®©®F 3 S-“X£i& 
imx<Dm.mtfttm 

(Area 

study) triEftTV^o L ^ Ltz^^M^^^'Lb 

Ltzmt(omm^tz^x\±, ^©aBita©* 
% ZmtZWML, &T<n%%Kpb®tztj:imtf 

xmmvmmim 

ioii, 

fcm&x&z 0 b 

rm KHt z w, a ks^ ^ * is 

it*ott ^ 0 5 a»t*^Sfc©^«»f±^® 
fcj6*B L [WI#© t>7-7'7y 
7(DMm iA *©&?&&£©■? ffiS 

©i«m^if- 7 ^i#<^Atv ^ 0 


09 X ff AUgR ©ms T T -c£ S * 1 * a Sr MX H * 

'MPBftL, An#PA# A(?t Mf ^ n^ > 

#©J 0 F&f±, 

*^A^©F^SPA§*WA^o< 0 SA, i&gft© 
J2C#*? ^«^AM©*^M»M^AK©^)t 
*^kSrffiv>-c^*S»MaJ±, AA'atSA PIA 
'T'fjt? L ;fct#lpg"f •2>M|n]^?^46'CV'^) 0 
JIRCASA'ii P $ LAffiS£©3I®S:£?*KJfcifiv» 
OO, £*£*:&*&, *M 

mmnYxM&\zwLmm&*mz.tz®%tm 
li.tr "t'S> ■!> o 

SffitA©A-^--€*feT 

2 oii, mrt•xikn#x.wmm*m < 

h&o 

vp;?£<;£^ti£A\ LA 

W^TPi, ftSS^wigA t M*AHH©m-Lfi 

^9 iusk ttf L\mmxh 0 mttma^Kik 
ittBfcifrta**,. U'tt&Mfc&qg 

m Ltz 0, £ S AS 4^Sr«AiitffeiK»4^ 
tttt&KL &*U&$ 

i$:i < Ma^S©M-e^^L LT 

§ AAthAfsy|cs#f/!)L #b®f$shri 41 -* tmz 
l ^SPil§L^Lm$tLT<^oPti^L©«fei±, 
MLL*?$L%Z,m\mi*i^tbX, 
t> 0 /i s M$ ti& B#ft CW'H A ill$ *i*o * L 

d o 

if^JIRCAS©|&mLi|Ao-C. 

iin^ 

$vmmiz&.'azk* -LAit /aaia 




J IRC AS—zr — XNo. 27 , 2001 





if Pil^ (£W8HJt 



x nx % & k s-e, mwmmntux^ 
t to wmsm- rn^tm 
m&sftmu «ik, i 

mt&ffi ^^Irotv^to 
tt4 yr'yii-?*&mM<DtxnmmvfcL < 

t lx i 

xto Lt l¥%MM28&SU^<Dl%UT?litttffc 
bXLi^M^mt&XtifX^iZ^tztb, MM 
P*S tm\tb®XL 4 < Tl±* I? t*tX a 

m>uv^t4>t> ®>mm s * n> a 

Ztix\±%i£W&K£t)tt4 yyy<nfc 
^ttKmtXLiiVXLxifro ftViZLto 
tixmttz^ (i -B) vftmzmmmxmmLxx 
t11 , E^'-e zx&b-fgm Ltv^v'i bifljfr 
tn t Ltz 0 itz , ftum < fc £ (DUmtt<n'<fc<n 

imh tm 

^8~ii0ifwNF»3^ w#p, nuKm&mz 
LfZo mtt8~-UBtf<0 
f$»3P&i&P*$i:, ffi<ntp<DWm]kt<nttmz%. 

zikx<> 

x, im<D£.iHt*®m2t^ £mmi3**£t>tii+ 0 
i tz , 0 pftiSP h O fc«£>f±i tzm b tx 

\t$>*)HkA,1P, 

t < ^tt\ mmtz - twz t 

Hf'gp a pl f/W 7 '>J 

£Lh© J: 9 *it®P i & Itw £ SMt & on® t L 
TW 8L£j*fe (M ms 7 v 7 £ S>l>Pit##®* $> 
>f > tfyb i 
4 yyy&m zmmi?)&LZ Lfz 0 

f^'Tty} (±, iiioain*i«i"ri^ 

p°p®^ Ltfti$tiTv^f 0 


PW^yJ >7"x©p a pftM, fr# 

b m>tzmf,mmui t rm * 

ExfrtLtz (mi)o »«f±, ki Hit© 
V'9 

^fc 4 9 ^{£ 

<t ^flSUL 

n. r^ 

4 y"y ] © 

«t 9 *g/e 

t 

tX § S p n p 

®-e?±» 

© pm u wmm^&mxii-mzttnmmi& 

f&tt © Wim^'/y^o itl-tt £ f IJ »f •X 

§ s -r < * < t is mutx b 

*^tx timw&z&2>-txmgx$>z> p M'iw 

bfrtttn i LtZa 

m<n-~3t Lxmmmx$>& t^ixxtta t 
H«7)iiS-et±> U'4 -/y\ tm^tLtxhi> 
TOT2-tJ «fc ij 

tit XXL fzJ)X rwi2-tj <? U'4fy] 
X *)M^m*7sitt>(nZMLmLtzxt^X\,'i 

to it, 

jj -xa l, it^M'zxnnu 

PM tfcv^IotvMto 




hi (¥®i2#7^ 5 a) 

## (i 5?- >/<> ^ 







JIRCAS— 3 r~ X No. 27 , 2001 



(CGIAR) ©ItHiliSi 




B 



CGIAR*T© 16 ©SI£ffi$&* 8 IIItt^lB*i <t ^350 
iRftmcsLTii 
Ltf>L m<o#$r} 
l t v\ 2mt&DHkm~ 
aSlSffiJfc-fStfi© £ i tzmtiKtffrv ntihnfrl. 
1992^ k y * tr ztitz a mmt*r $*;}*£& 

■ * b 

n 7 y&tf 'J - y- t * 19 , 1998^ KCGIAR^ft: 
®nfi-#*?*>tL/co 

<i>* ©»«)&*&*<&#. <'MfcLtV^ft# 

4-fit iliSffii WZt &fz)£>\zi± 
cgiar^^ < aj¥i-*^§7tft«av»jtji(S)&** 
Sftfco £fr*£»tTCGIARrtl®^£;£©&#ft 
(ntztbmmwtff * $ ti'x > 2000^toil ©^It^re 
m^mm t * amefc $ n & n 

Xh^tzif • ■ ■ ■ 

1. ©F^M^MLTSi. MIP»1II^ (TAC) 

* b ij &*, m&mmikm 

zm&x&fz2ooo^<D^>x&£xffi%mm^ 
SriESHilSfeLfeo ±*£Mbfc LTi± : 

®#4W £ cgiar o'flu ■mmtt& 

(International Public Goods) <D*k 

mizu&*w< 

77 V*. J&T'77^±*£ffiC 
®Mi&%WMLfrb'i~^^^WM^WCfe ■ ^f '77 7 

< tt&KjfflliKj ■ fcttKi SrlRltt 

i?) 

©gH£ttr*£# < <ds*- b+-1 <n'Mmmti*m 
&, W&Z>o %<nYX'yx<n%-$M&Xfrts:'o 



<nmWtzZKX\<'tztztb' TAC©H3fe1-*«i 
B&ii'SSr 7© X i_ 7) 

* av'iJH** & o 
2. *&«&¥fcli&LTl±, 

* 7t * © aafcesc¥)&*2ooo^ © t mm & 

iis-c*ofco cGiAR-t7 7-<7)?m 
mM%£ iomm$.i£<o&*&9 RKmztix^tio 

CGIAR^#:£ Federation GI^ • 114 ■ ilM) K 
7tL(±#-fe7 7- 

3 ~n 'y/N°© F—7“ £4®'!-^ ©Federation 

L^Utfe© R- 

7-tf* G ^Federation ©«^7 LT^It©jlM^li 

< ^ 44£&FederationJ^:H©SK^MIi5! ; ®©ti.;fc 
mmztiLW, 2001 ^ 5 n Wt 

tztztb, 7 3 7 7 '/iSIli i 
*3fe3|i5taL^*^o* 0 
7 h n 7 7 • 77-b^ffi$®TBE4 2^Mo 
TV>*©K*S**$*1-*fcJ6©St»f36*ffl5|5&v» 
«« $ LSFft-fc 7 7 

CGIAR©®^©^ 
£fc#fc*Ufc Rt^^'77xAj ©&$#-#;*; 

®%mzm^LxLi-Dfzm*$>&o mmtxm 
jsu jb&wizn&ftiftmLtzi). ti® 
^©M* g CG v*©» ti: 
21iH:jBf±4. § t If ft li C * © f±S:H©«F3S* 

2iifrft^§sa f * KiiztiKmm 
mo if&^x h b, m ^ i- a tz & (d mm * 

gyXrA #o 7 i: ©#gf4t± H ^ ^ X 

\±ZZ>tzhy 0 





JIRCAS—n: — 7 . No. 27 , 2001 


mmrzummmm 

- * =1 >yp yi^ h £MM t l/T - 

HPitffE^ [JLlffl p«i— 



i. waoiy* 

ass* c t titf, t'(Dxv izms*rmt 
7blXZtitmx< S&fcg 

£4£l±, -a 

td< zt 

■C**o ^©fcfeCligW^tfCffiStJ «t 

fit, 

* CO §# £ £ £ ft# Biflfc IS tfo jfT * it tiff 

&o 


2 . 

±fB<0#»f L/c &&WTN& t KJffi-C* * o 

TN&H Ur;if4: V * b 77 7 U 
i:±4 #^^com. &WS£ r i; 0^# * 
^Sttr t ®#£g& if Srffigf * i: 

&o i^liMii<7)7'J“f^* 7 V3 >££i® 

'JXPT77°Ltr 0 ZfiKHLxmYfnK'M^fifc 

mop(Dmm^(vmmz 3 l 

tz o 4MS^©«HS0ffiJ®ffi^<b^i:* 

o/c 0 -&±(Dmm&(nr a mp* 

affl:L/;±t\ ttLCov»t:iUffiSrffv*WS4r#t 
ifeU *0fl?fc0£*#l&j4:ffiaLfco 


3. AHPSS{cj:«a*(D*ffiri i Ffflii:a«aj? 

7sh7v 4 - bvt? 2 u 

7 37 b^-A^wfgg^otp-e 
V* b£H;SL£ s £0>J* b0**<b£&Kj*& 
mwRtc'i to 

tbKffi CO^AHP&H 
UfMHfit*fe 
*0 £*u±£&ffi&v» 
< o^oSfCiot 

v>, 

ic^ciotfoi 



SfcJBte4ft»4iv>H®f2b4. &m ii(M*, 

WK)K ®©F^S3X 

b O 4 o -c * * 0 HI it AHP& ir i h » MMfF 

ffiMw-STC**. M.M&& 

ztl 

i±#i^*i:SfT^^;pcoM-em-cv^ t i:5&*^ 



m±<7)Mi:^co7°n-fex^|iT7°nvi7 b*C 

®. *) ®t tlT® -9t7t7°0 

-eaffl$ titz^WMm < coit^^g 
7°n VX 7 b X-mm $ ti& X 7 fct -5) fcftfc, $ & 
i:#K^Ib^®-7^a7Mt^il/cV'o 
- tit t\, # < (nmpm-fv vx7 b ® 
fwlfffim$ -e* o fc„ *©»£, 

Bfi: LT7°nvx7 b £fL»IE-£^& £#& < * 
Z>7ti>3b0%tz o 

^flTrit, inyfjk^®77“^mfi 
fctt&i: LT, TN& ■ ^ifcfcif<0^£S:&*^i> 
•^TgrBr^fiv, **l£ i> t K&mwmM* >; 7 

b T 7 7°U AJt-e 

MSKHt 7 i: v>o 7°n ZmfzZft 

mmmmiB^m tLrm&L/z^ 0 

itz , L^7°n-fex^nrtg^®^>^#(±7 0 0 

yx^bf-AWiiCU i: 

b V^'7'7 7 b«l)l) t. tw^g-e 


a 

























JIRCAS— a: — X No.27, 2001 






i. . mm 

w&wfrjmfm%±* * - ■ ?mitM 

2 . H t * 

mifmmmtmm . mm 

■ mmM 

3 . 7°n -j y\xm»mm^mKz&mt* v 

uzfmma<Dm% . mm 

mmmmmmtmx>2- -mmM, a 
it^rnmn 

4. nih^>! 

mmm . mm 

?- ■ mmmM 

5. x 5 'y)v<D^n iio «t xm xm t js»t * 

£.W&) 

Siiin. mm 

mmmmm.mmx 7 * - ■ mmmm 

7. tmmim ^v^urm/ 

•c&a^ifc. M&] 

• m±JMgi5 

8 . 

'/I-06’ 0„ a „««tt W&) 

BI&ft#*g£W2S-fe7*- -Suifilffl®, * 

BMIffl 

'f 7 V*'s70jz lOli • x>^<7)iDXii 

tt . [©Ff5] 

7 K^v7Si4 *£fl2»®FSSBr 


10. 7 7 K*'>7Ki5lt£^SUPMR^'g^-f- 7 y 

xu&mimv&u. . mm 

BI&S*tafcg£flF 3 S‘fe > 7 -- MfOTSK, It 

p D plt^©F^g0f • &p a p«§G • 

g, ony7ii4 ^mmmmjf 

11. 7V4 9uy My 

xmi .can] 

mmskm^mmx >2 - ■ ulmwmb 

12. ym±mt^K£&mm±m&fr<Dtmmm 

mi . [Bn] 

mmskm^mm-t >2 - • £mjb® 

13. 

tt . [BIH] 

14. mt* 

.can] 

anjS#«m©F %***- • 

15. 777 Tfr9<DMm±umm® k&i t *m 

.can] 

■ ^mmm 

16. *y xr m (D^wmsmm nwa* xjx&m, 

.can] 

anm#*m^©F^-t 77-- ^mmB, m 
Mffift-t'y?-, MmMmmmm, ^7x7 
'f&m, a mwtimm^yX 7 4 Mmmfr 

mm 

qn&mm&fr . mm 

mmsk#&m%m • £mjb®, ^ 

p D plt^©F^S0f 


9. 



































JIRCAS—zt — XNo. 27 , 2001 



is. mmm ESf* (tnf«) 

ltv>&. mm 

SI£Jft*fc!fcM®F&-fe 7 * - • mw®, a 
(ilri) 

19. 1l J f'77s9 

TO, JbisftWaEM^* ^ 

S^l" . C©F2SJ 

SIM#M£®Fft-fe7*-- • MW® 

20. Z#65T7«/U 8 5iF>Xf A teteliZ, 
Panicum maximum^-^fD^M /fejSItt<h 

\m\m . mm 

7 * - • m w®, ? 

? v ;m ft i*i -t > 9 - 

21. 7" 7 7;PjfUt;-fe7- V<Dfr'{Zm%\zi3Vr&'{ 

. OM 

7 v ji'Skmmitrtxmmm 

22. m9M 'sMY o/> $ 

. C©F2S) 

gM#M£®F$S-b 7 7-- “774 

'>7&#®F&0r (FRIM) 

23. mnu^rnmK^^mm^’S.ffy 
. tmm 

mmmfcMMfifmzy?- • m® 

24 . vyyu-^zmmLfzmmm&nmt 

. mm 


BIM*fcM3£®F&-fc 7 7-- M® 

25. 

TTdftt^igM . 

BIM#>M3£®F&-fe > 7 —■ Wom 

rnm^ 

26. /VM irV'U/X (PLDMV) 

. mm 

bm^m^®^ 7 7 ■ mm 

27. i»l:^4L*thy>A (#ffi) =F77 

(Na + -ATPase) . CW^S] 

B^jS#«^©F^-fe7 7-^M^ ■ mm& 

mm® 

28. isjmi: ivtm^ 

r/^7®MEtt . WF2S) 

BISJft#M*«F^“fe 7 7 ■ ms& 

29. tt4 777p D „i ‘SW^’ tloi'o/J 

naiesm*#. mm 

BIM#M3i£BF&-fe7 7 -fmi&f • 
ASi&©F2SS 

30. ■9-h7^R'irlo(t^7 1 ^n-7 1 'J 7^777- 

•if (sps) mm 

bm^m^i®^ 7 7 ■ msm 


rB^m^®F^g»itfi^ 8 -tj (2001^ 7 /a si n#*iti^ 7 ^fif) * 

r»r§v> 0 

ra$jhb-£& : iffM41l Tel : 0298-38-6341 

|‘-A^“'77 K 77 : http://www.jircas.affrc.go.jp/index.sjis.html 

















JIRCAS—-3T— X No.27, 2001 


A 0 )®Z 


¥f&13#4S 1 Btt 





fflaWiggBiffW^t 

AA 

-ft 

(jfijBWH) 




S|fiKaA8#||ft| 

gt»w;gaB±tiffl£g 

flffl 







H(g*tt*a*W5E 

iz>S>-tt 

ffffl 

4I5A 

pMtjgSS:3iiSlfcM®ll 

ttagBiffW^S 1 


£B8HSgBft 

£Mimsim 

feU 

JEC 

«5S? 8^11111 

AitSBittW^S 1 

BfSilfM-tb. 







HlgfllSS# 

mmmm 

$tOj 

mm 

£#A^a»SU^8BU* 


4^ 



tHWSgBft 

^lEB 

m i 

*A 

¥(£13^8 £ 1 Btt 


«S 

«* 

SSiitigBtt 

SiiitiggBft 

IfHJ 

ffl5EptrS83$gB#I+SSSSIS@ 

Jif*a 

«®§B#ttH (±ltff) 

smmsm 

£j6f!lggBtf 


jS 

¥)&13¥l0fl 1 Btt 




SiimittSBft 


#SB 

RHH 

ihBMSgBHSW^lSSS' 

-»SApirB^I^W%f4ft 


jtasfiii# 

»«Apirf4 

MJS 

isn 

ihBHSgBlffWlES' 

**s ww?£««>h**»sa 

1?fW?E-fe > $-S®l+ilig63E 


AH 

hew#) 





a«*iS}s«#«««@}s 

2 f* 

as 

Sic 

aiffj&aAH*s«w^ 


7KB 

m 

^^SB#ttS (iltffi) 

-/fSApirffi^S (#ltffi) 

MUj 

ti 

»£frj&SiASM**S£flFSe 

EfT&BaSgBWlE®af4* 



a§* 

SitmttgBlttWlES' 

a*S«W5E1StSS4tS* 

4s BB 

*4B 

a3£ffftaiA«iis*flfSE 

ihBWSaBiaSW^Wttf 

ititEB 

&- 


mmmm 

lit® 

iEi 

»ifT»c»Aa*liS«BFSe 


HJS 



*n a pjs^rw?E pjttktMmmim 

tea 




*st 


sg±ffiw?E® (aasais«t 

* 

iillllllliif 

mvt 

S»«;ggB3Effi9J£'f 

IB] 

=« 


£BWSSB3Effiffl£t (W 
5EihBW) 


0C 

gw|ssp«*fe (amis 


it 

-# 

AitgBfltff 

(¥J®14if3fl31 B S T") 

A**g^W?B-b>$-W?E 

Jt^gBiffW^S 1 


n 

aSLffj0t;SA**S«W?E 

««8tSBB*S«S 

*gSSB#ttS (gJt«) 

fell 

ifeiE 


fiiiisiirsi 


»3ttTiBtftAJSI*K«W?E« 

ss® (.s-mmmifmmvzw.) 

am 

tBffl 

ffi 

-;t«Ap/r*KW 

i*s mmizmm&m* a 

BHBia#W5E-t2 > ^-IkiH 

isssb (*sipi i at) 



mmnwmkm *m**8 

sgBi*$g»«iseia«* 

nmmmns^M 

#* 

m=f 

a*£to**Bf3E0r8*gB 

«»gB-S^*»eilS?»^ 

tl B n u«ft 

EB4 1 


^ -iz. tr ©I i£ A a ii)f 5E 

> $ - 

3k«H»gi5 (mmw,3W) 

itSApfi (#«W) 

** 

«- 



mm 

m 

tftiffi&SiAaStSSflf^tit* 

fH*ra*s (SJSsaw^^) 

ttHApff 

(«»ASiSw?Ea:) 

ft EB 


**3S-&W5S-fe > ^ -*5* 
wsEpffjsasg±ffi«fS e® 

(*a«sssawss^) 

ASSBiffiWIEt 

AiS 

mx 

»5tffRaAa#a«»f3t«s 
AW-»jSS#Bf?e-b > $ -&B 
MBgBBf5ES'Sf4SSSEIBS«* 

»«ii»E£J*S£tt«g 

#M 

1*# 

**a*wsE*«ia*4>B 
HBS#flt5Et>$-^Bi 
SSSB (#®S 1 «•) 

/f«Apfr*^at 

SEB 

mm 



m =»a m 


mm, &$&h 

t-> femiixflit 

* p >?£=&<* ft-s,, *■<*)z(otm<mm 

T'^So A5T'fe<75«^*^4'5X'f* J f>B*aiH|i;^+^icO 

feco. 

c¥^Ti'5„ mtc*> U4WAL4^'r*^xp>aa 
fcKA /W-JWSiiT'llUW^gi5®JMz:to 

lotSm«iA gtsIfCi3A/;4ro4SA''li'ti'3„ 



JIRCAS-n-* No.27 

¥1$ I3ip l2Eftfr 


3Mt 

*1* &WfIl^Slgffi££Mj ttUBmi* 

t 305-8686 < !,frffAt> U 1 

TEL.0298(38)6340(1f*«f4iO FAX.0298(38)6316 
A — A^t— 'JT YV7, http://wwwjircas.affrc.go.jp/ 

■0 






-UZY 


JIRCASfjf.. •[fX No.19 2000 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 


□@ /•/R/‘7f/</ A ,i‘D,5‘ ,e*w*l 


ZY 


E3(5)S a “ a (EM 

• 

, E. S »K—v, © • A JIRC AS ‘ ± fv f • fW f F f N f s 



1 1*@ (EQ< t ,_, %oE 

• 

S£‘±,E,aS!, 3 .E,aSC»...,E,a‘I,!,efX»rfD*r # A»",iSJ”- 

• 

”-fKf‘•"Z;. ,i»i—p,5—},!,ef A fC ,ifVftfEfK»-i» a 

D(o).‘.U<(a)SO 

• 

• 2 e’r<Z»p,E,£e,e»n» 0 ,M(E. 



D(a).‘.U<(a)SO,i“®,« 

• 

•V,u,^,iSJ”-,5’S,a*‘«U7(EO<f.S*aRRI*i 




• 

•u»H—/.•ESA<«-a‘e,E, ", _ ,e»‘»U»v(E£»v — a „5<c~ 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/contents.htm (1 of 2) [10/7/2002 10:17:57 PM] 
















-UZY 


1 _ k®«u,O,0<Ci“ (EQ<t 

• •u,0^<n“-(Eo<fz6jftfHf-rfAfbfv 


D(®fVf‘flfWfEf 

• ’n—••i*n fVfXfef J*‘*UfVf‘flSJ*A, 3 ,e,e 

1 l»@“A<— »T»n 

D(S) •!,!“©,« 

• ‘••±fvf«,i’tS6»l%o7%oif<c.-f A fC,ASJ«A. 3 ,e,e 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/contents.htm (2 of 2) [10/7/2002 10:17:57 PM] 















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.19/3.html [10/7/2002 10:18:00 PM] 










3-1 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/3-1.html [10/7/2002 10:18:18 PM] 




http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.19/4.html [10/7/2002 10:18:19 PM] 







4-1 




gT1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/4-1.html [10/7/2002 10:18:28 PM] 





Trp-P-1 (50ng) +j§J« (*IJ80 


Trp-P-1 fr L+igjg (*H80 
| Trp-P-1 (50ng) (0.15mg) 

fl)±. (0.3mg) 

I Trp-P-1 (50ng) (0.15mg) 

|s]_h (0.3mg) 


20 


40 


i 

60 


1 

80 


100 


fJ^ (%) 

5B^f>14tt«td:UTjEne»nTl'* Trp-P-1 (2, 

C<DHS*Ti2. h 1 

15rag^^0. 3mg^QU. Trp-P-1 (50mg) 


MI : 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/4-2.html [10/7/2002 10:18:35 PM] 












mmm mhmmm 









FR1 FR2 FR3 FR4 FR5 FR6 G1 G2 

m2 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/4-3.html [10/7/2002 10:18:45 PM] 






http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.19/6.html [10/7/2002 10:18:52 PM] 



















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.19/7.html [10/7/2002 10:18:54 PM] 













(t/ha) 


7-1 



% 


@1 : FAOSTAT DATA base <£ M 


^ ■: 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/7-1.html [10/7/2002 10:19:04 PM] 


AD-A^ft D 3fc©i|3M Ckg/capita/yr) 









8 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.19/8.html [10/7/2002 10:19:06 PM] 




SBWJ? 


*H,O,0<n“ (En<tZO,I 
ftm-imbfv 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/9.html [10/7/2002 10:19:19 PM] 







http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/10.html [10/7/2002 10:19:21 PM] 




11 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/11.html [10/7/2002 10:19:22 PM] 









12 


mwm 


Zae‘%*i, 1 / 2 “A<-'e- 

-m *i 

•oSe*‘ 

“o~ A “u 

”6 -t 

/X/7</x/“-2-/J/</{/“Z •A3-/n/C/h/*/L/V*A,»,i*»‘0-@,",a£,N,»,e,5—L(E0*-i* a ,7E,-,e*ce‘**U 

“u-{ 

H 8. 
9.18 

2090580 

•i*"*f’T*’u 

“u -{ 

H 9. 
3.11 

2615428 

•l*"*f’l‘*’u 

/A/-/S/J 

H 9. 
7.22 

5, 649, 387 


/C/M/S/X 

H 

9.12.10 

EP 0 699 

383 B1 
0699383 


fhfCfc 

H 

9.12.10 

EP 0 699 

383 B1 
69501193.6 

•i*"*f’T*’u 

ftf%of“fX 

H 

9.12.10 

EP 0 699 

383 B1 
0699383 

•l*"*f’l‘*’u 

fCfVSfA 

H 

9.12.10 

EP 0 699 

383 B1 
19637BE/98 

•i*"*f’T*’u 

S0 •* 

H10. 6. 

2 

149110 

/p/ P /C/„SiCE'—t/,/U/C/N/E/C/</X,iSO’T'”’Z£"a“'Zq,i%o-Sf’z—n 

“u-{ 

H11.10. 

8 

2987419 

/p/p/C/„SVCE—t/,/UfC/N/E/C/</X,ISO”i’'’”Z-a“'Zq,r%^Sr’z—n 

/A/-/S/J 

Hll. 

1.12 

5, 859, 224 

/Q/<*6%c/E’{—p*a**Z”—£,7E,»,I*»‘0 *u-@ 

“u -{ 

H10. 9. 

4 

2821574 




| -iZ^o^e - I 

-1/4*1 

“o~ A “u 


”0*t 

1 !•.. ,'4*@*@*@*@*.. ,TtSO*e-{ ”,X*t 

S63.12.13 

1807 


,p,©,-,U,6*@*@/E/S/Y/“ 

H2. 8.4 

2342 


/M/j/A/0/% 0 /X*@ ’tSO*e-{ ”_,P*f 

H 5.10.13 

3708 


,0,n,°,n,U*@*@/n/C/u/V 

H10.7.17 

6624 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/12.html (1 of 2) [10/7/2002 10:19:24 PM] 








































12 


— B Z M 


L. ^ 


urn 


1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/12.html (2 of 2) [10/7/2002 10:19:24 PM] 










13 


AO) i)#- 


”N(EZ“u 

TJ«@“®*@(Ea 

~U*@“®*@‘0 

1 -1/4*@‘0 


”_<iE*HSw(Eci<t , S’n''8eZ‘CE 1 *HSw*”’n%cf J *.. .Z‘CE 1 CB3<-j-Z 2 ’- 

I SA«<Z‘CE 1 »”Za”C(Ea<tS- 

1 •[•oaA”V 


“(E-k”_<7EZZ(E±*e*.. .“c—~—p*”*a*E(En<tS _ 

1 .^ZY—•—p*”Za”CCEci<tS- 

<a.@’% 0 ’j 


%c«“eZx*S’- 

1 %o«“eZx*S*‘*U<a“ _ CEci<t%oE’- 


9. 7.3 

‘P*E 

1 %o«“eZx*S’- 

1 ZR%eT%Ch- 3 /4 


% c «“eZx*S*‘*U<a“TEo<t%cE’- 

1 •1|."Z‘(E 1 *”Za”C(E3<tS- 

I —N-@—^ ! Zj 1 

9. 8. 1 

•1)ZY—p«”Za”CCEo<tS- 

I -kSC“ 1 ”_<iEZZ(E±*e‘**1:(Eo<t-”‘**1:CEo<t‘£e,P/'*[/ ’• 

•VW’Z-K 

‘N»L’{ZY‘aSwCE'’Z«a* a Zq-iE%ouCE3<-t-/Z/“/ A *[< 3 Z6 

1 SCSO*T*n*”*‘*U(En<t-T*nS - 

“i-e-K‘ 

9. 9.30 

‘E*E 

1 -HZY—p*”Za”CCEa<tS- 

ZR-e-^e | 


SA<«Z‘(E 1 *”’- 

1 ”_<jESA<«<Z*p(Eci<t , SSA<«Z‘(E u ”“y*eSg—% c E“yei*-" a —PCEa<tZ <J ’- 

•l*e’%o—Y 


”_</ESA««Z»p(Ea<t*SSe%&a;’ 2 *®*”’- 

1 SA^ce 1 *”’- 

1 —z*@—s 


‘ *-± • ’ ’%oi(Ev%oUZ {-YSg—<EW’- 

1 ‘•-±*”%oiCEv%oU*iZ{ *YSg—(EW*j 

1 '0*”«O“n 


‘ •-+ • ’ ’ •Z-+%cU • i • 1Z-CE W *j 

1 ‘ •-+• ”%oi(Ev%cU *iZa(Ev(EW *j 

—e-0.@.>A 


‘ •-+ • ’ ’%6i(Ev%rAJ • i ZaCE vCE W • j 

1 “•-+•’ ’ •Z-+%cU *i • 1 Z-CE W • j 

ZA’E«C %o 


%ciE’{%oq*ljZZ{E± , e*x<U , ESn*f’Z*a(Eci<t , ” , a*E{Eci<'t'S _ 


1 <g(E'*@”E 


‘•-±*”SCSO<iE-±Sg—%oUSCSO‘0“nZ‘<a(EW’- 

1 —-N*... ZY <Z*p%ci'<cZ—±<g ’} ”gZ—±«S(Ea< t(E5—-^oLETE-iCEW ’ • 

i| “c’t*@”Z 


%cx<“eZx*S*Z-±%otJ*i%oi'(Ev%oU*j 

1 ‘ • ’nZZCE±*e ‘ •-±*”%oi'(Ev%oU*i%oi(Ev(EW *j 

•AZR«GZ4- 


•HZY—p*”Za”C(Eo<tS- 

1 Zl-‘”_<MZ(E±*e‘**1:CEo<t*”Za”C(Eo<t§-*i”_<iE(Eo% c c(B3<tZ 2 *j 

1 ZR“c— 2 ~e 

9.10*D1 

SA«<Z‘CE 1 *”Za”C(Eo<t§- 

1 ‘•’nZZ(E+*c‘*’n*UZYSi”0*”Za”C(Ea<tS"*i—§’n(Ev%cas(Ea<tZ 2 *j 

1 ZR-{—R<I‘a 

—N<.E»”Za”CCEa<fS- 

1 «X—N‘-tCEo<t*S-0*P% c »*H*”Za”CCEo<tS-*i% c »Sw% o A»H% o E% o »Sw% c A-H(E3<tZ 2 - 

j j“c’t-CM4 


, {ZY‘* , n-”Za”C(Eo<tS- 

1 % 0 iE’{%cqiZZCE±*e*fi-hCEa(Eo<t*”Za”CCEo<tS-*iZ%S 3 /,/f/<“®*-(E3<tZ 2 -j 

-0’J*@—T 


•HZY—p*”Za”CCEo<tS- 

1 ”<.E*HSw(Eo<t*S”‘ 2 *®”6*”Za”C(Eo<tS-«iZ{*YSg—/V/X/e/ (Eo<tZ 2 »j 

1 -x«i’14<I 


ZNZ... *E*© ’Z”_<7E<Z*p(EO< t*§ ‘ •-±*”%oi(Ev%oOZx*oCEW’ • 

1 ‘*-±*”SCS0<iE-±Sg—%cUSCS0‘0“nZ‘<a(EW’- 

1 *](Eu~a<I 


<a*B”_*-<g“s*e—~’n”_<7E«..~Z-</E*S •Z-+% e U*Z-+(EW ’ • 

%o«“ eZx • S • Z-+%oU •i%ei(Ev(E W • j 

1 


•X—N‘”+CEa<t*S-0*E%c»*H*”*PZ^%cU—g%oE-hv ,.CEo<tZ‘ J ’- 

1 —N<^;*”za”ccB3<ts- 

1 ZR-{ *K~e 


% C iE’{% 0 qiZZ{E±*ei‘i-h{Ea(B3<t*”Za”C(Eo<tS-*i-iE% 0 u'a“'{Eo<tZ e -j 

1 ’{ZY‘-’n*”Za”C(Eo<tS- 

1 • 1 /4(E'*@-L 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/13.html (1 of 2) [10/7/2002 10:19:26 PM] 



































13 



-k—a”_<7EZZCE+-ev. .“c—p-”*i’ZSQCEo<tZ°*j 

iZY--p.” 

| -£-44*F 

•H*"Z‘(E 1 *”Za”CCEa<tS- 

•V<K*I—p 

1 %oY”o*@*„ 

jZY-~-p-” 

•V<K*I—p 

| ’C-o% c pZO 

9.10.16 

| SCSO*i*n*”*‘*U(Eo<t*i*nS- 

| % c «“eZxvSZa”C(Ea<tS-*i*‘*U<a“'(Ea<t% c E«j 

| “ 115 2 —mZq 


i S - I — ^ -i 1 WEE3 I 

•@ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.19/13.html (2 of 2) [10/7/2002 10:19:26 PM] 

















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.19/2.html [10/7/2002 10:19:29 PM] 












contents 


JIRCASfjf.. .•[fX No.20 2000 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 



D@ S»“»cem 


D, 


>(g) (Ea<f »~i%oE 


ZY 

• 0 , {ZY£,A»„B,e§J”-“r»a» < ” <JE JZ©‘R»zSA<@’\ 


• “u-{ §,Afxfgfif »Ef»fRfW<f A J*...T^iU.*a 

• ’f JfpfpfCfAfEfCf<fX,EC,+,©,c,«, 1 Z,© 


P@ f.«rfNfVfj:fbfv 

P(q) fvf.fWfFfNfg 


—f» & fXfgf(EfX§A<«,6:T,e«H— ;.*jZY,rA’b%o» 


»‘»UCEa<t»W%oi*u”M‘N%cJ—NJ”°*EAj>A»H<Z«p*v 


fuf%ofWf<,Aji« t +“I,E“-r<«,yE‘a“a,5«11ZY,-,eZ«‘±CE A ” -q—Q“1 fVfXfef JSJ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/contents.html (1 of 2) [10/7/2002 10:19:40 PM] 















contents 


D<5 


‘*U(Ea<f 


D(a)»lj“ 


• »O,©,N»a,E<-,0»-'”z»iZi,5»i,e 




I I l MEZ5. 1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/contents.html (2 of 2) [10/7/2002 10:19:40 PM] 











http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.20/2.html [10/7/2002 10:19:42 PM] 












3 

“u-{,I,(',a,i , a’i'*R , «"a“'Zq,“-3,E—§,A 
H?KH* / .,2y--- p .".@-i“c.@-f.i 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/3.htm [10/7/2002 10:19:45 PM] 





3-2 



1975 1977 1979 1981 1983 1985 1987 19891991 1993 1995 






http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/3-2.htm [10/7/2002 10:19:56 PM] 
















3-1 



#2 Wiki. Pi*) 


*»»(/>/•) 


m 

»i 

A 

m 

£ 

fit 

it 

A 



e xmpn.pirt 


WziPiUPish) 


"J3.7 Wk-m) 


D-WPiiHA 


•VvP WPif) 


Pi No 4 {Pitt-2. Pish) 


mi #(/»/>*) 


K60 (Pik-p) 


BL 1 (Pib, Pish) 


K59 (Pit) 


AA/S2-3 (.Pish) 





AA.-S2-75 (Pik-s) 





0 20 40 60 80 100 


*pUS14®fcO)Slj£(%) 

A 12. y 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/3-1.htm [10/7/2002 10:20:10 PM] 



























http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.20/4.htm [10/7/2002 10:20:14 PM] 








http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.20/5.htm [10/7/2002 10:20:16 PM] 









http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/5-2.htm [10/7/2002 10:20:18 PM] 







http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/6.htm [10/7/2002 10:20:19 PM] 












6-2 







http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/6-2.htm [10/7/2002 10:20:22 PM] 







http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.20/7.htm [10/7/2002 10:20:24 PM] 





7-2 



E«blcn x fi;$165^#''E> 


m 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/7-2.htm [10/7/2002 10:20:29 PM] 












”N(EZ“u 

"^•(©“©•(aXEa 

TJ*@“®*@‘0 


10. 4.6 

•^1* "Z‘(E 1 *”*t”h(E-*E"6*i*‘*U"i(Ea<t*S*j 

i*"Z‘(E 1 *”Za”C(Ea<tS“ 

%oA“j •(§)•_ 

10. 6.1 

%o«“eZx*S*Z-±%oU%oi(EvCEW’- 

<a*B”_<4/ZZ(E±*e * *-±*”*Z-±% 0 U(Eui(EW 

0”Z-K 

SCSO*i*n*”*‘ *U(Ea<t*i*nS“ 

<a*B”_</EZZ(E±*e*1|ZYSA<«*”“ye”^*1|*"(Ea<tZ Q ’- 

•o*A*CTe 

‘ •’nZZ(E±*e‘*-+*”*Z-±% 0 U*lZ-‘ce,Q(EW’• 

%o«“eZx*S*Z-±%oU%oi(Ev(EW’ • 


’ 1 ^ae‘aSw”_Sw , ”< 3 Z6 


-x“a<v‘ 3 A~Y 

10. 8.1 

<a*B”_<MZ(E±*e‘*’n*”Z”—iiZYSg—•CEa<tZ fi ’- 

’{ZY‘*’n*”Za”C(Ea<tS“ 

• 2 “jCE’ZY 

10.8.16 

’{ZY^I^”’- 

%o/E’ {%oqiZZ(E±*eSe%o£e~A—•Z s Se%o£e(EW’ • 

zAzk 

Nv. .ZY<7E(Ea<t.fZf7 A *[*t”h(E-*ET) 

’{ZY 1 *’!!*’”- 

•j*6%op‘ 3 A~Y 

10. 9.1 

“(E-k”_<.EZZ(E±*eZY’ ■ 

Se%o3e’ 2 *®*’”- 

"a*a— 2 *0 

Se%o 0 e’ 2 *®*’”- 

“(E-k”_</EZZ(E±*eSe%oce'A—•Z 2 ’- 

•i’J*F—C 


Nv.. Z Y <Z*p%oi'<cZ—±<£ ’ }”gZ—±*S‘*-±%oU—p“x(EW’- 

%o«“eZx*S*Z-±%oU*Z-±CEW’ • 

•o*A~a*b 

%o«“eZx*S*Z—±%oU’- 

%oJE’ {%oqiZZ(E±*e‘*-±*”*Z-±%oU*Z-±‘ se,P(EW’ ■ 

‘•(E 3 *Y*G 

‘ •-±»”%ci(Ev%cU—p“x(EW’ ■ 

‘ *-±* ”%oi'(Ev%oU—p“x(EW 

• 2 “j*PZu 

Zl*‘”_<^EZZ(E±*e‘*-±*”%oi'(Ev%oU%oU’-*a* 2 

%o«“eZx*S*Z-±%oU’- 

S*-i“N~Y 

%o«“eZx•S•Z-±%oU•Z-±(EW , • 

%o«“eZx«S*Z-±%oU%oi(Ev(EW 

•AZR*GZ^ 

<a*B”_<^EZZ(E±*e‘ •-±*”*Z-±%eU*Z-±‘ ae,Q(EW 

%o«“eZx*S*Z-±%oU*Z-±CEW 

"E“j—F~e~N 

%o«“eZx*S*Z-±%oU*Z-±CEW 

<a*B”_<7EZZ(E±*e ‘ *-±*”ZfZq“:|: ‘ *-±* a Z 2 

•-£eC”N*I 

%o«“eZx*S*Z-±%oU%oi(EvCEW 

Zl*‘”_<4EZZ(E±*e‘*-±*”%ci(Ev%cU—p“x(EW 

•%ZR'@‘V2 

% 0 «“eZx*SZa”C(Ea<tS“*i , n—FUZ*(Ea<tZ s *j 

”_<^CED<t/Z/“/ A *[“ye”i—i*”Za”C(Ea<tS“*i% 0 h—{*f’f(Ea<tZ 2 *j 

‘•“c‘xZO 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/8.htm (1 of 3) [10/7/2002 10:20:31 PM] 











































11.1.1 

1 . ,ZY’ i*i’t %£»*.. ,ZY(Ea<t*S*t”h(E-*ET)*j 

•...ZY*’”- 

%cF—iZj~Y 

| *...ZY*’”- 

’t%o>*...ZY(Ea<t*S*11*"<@’V”- 

‘ 0 “ C .1’2 

| •H*"Z‘CE 1 *”Za”aEa<tS“ 

”_<iE*|*''Z‘(E 1 (ED<t*S"a“'Z‘(E 1 ‘ae“n*”"a“'Z‘(E 1 S^—•*i*n%oE’- 

s ceA‘xZj 

11. 3.1 

i*"Z‘(E 1 *”Za”C(Ea<tS“ 

“CE-k”_<MZ(E±*en*"SJ”-*”Za”C(ED<tS •i‘a“cr e Zl(En<tZ B »j 

‘«—§‘aZR 


na l ez5 ■ : esi i 

•@ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.20/8.htm (3 of 3) [10/7/2002 10:20:31 PM] 














contents 


JIRCASfjf.. .•[fX No.2,P 2000 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 







Q® •-■%oE»i«n 


D@ fvfrfW.fF.fN.fg 

D(5) »V<Kfvf»fWfFfNfg(Ea<f 

D@ f»r.fN.fVft.fbfv 
D@ »‘«U(EQ<f<(5)SO, 1 /2,se,e 


ZY 

‘a<£‘"Zz‘a.^FJIRCAS 

“i»A.E.'T.e‘a“Pj»s»k<N»r’l 

fxfgfif •Ef»fRf“fff<f A ,E,",~,6»i«r <jECEo%cc 

»u“(E“ifAfWfA,E,'',~,e»’—PJZuSn(Eaf»fXJ’a(E,<Z»pJSJ”-»vJ”w(Ei.iF‘ A 

■u’t%c0—/.—.rS«l»v,/E»u“u-j f Jf} f {fRf»|fJ-l-v,I<£%c%c 

fAftfSfJ, l%cJE ’ {—“ya«ufgfSfpfmf\*l f }«C*v A%o5- 3 4,-,e 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/contents.htm (1 of 2) [10/7/2002 10:20:45 PM] 
















contents 


Q(SH 


I I - 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/contents.htm (2 of 2) [10/7/2002 10:20:45 PM] 









http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.21/2.htm [10/7/2002 10:20:48 PM] 

















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.21/3.htm [10/7/2002 10:20:50 PM] 














3-1 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/3-1.htm [10/7/2002 10:20:56 PM] 






3-2 


0 t»ff<D±WDtfcl** 
Oerpsch. 1998) 


: szi - 


575 ha 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/3-2.htm [10/7/2002 10:20:59 PM] 





















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.21/4.htm [10/7/2002 10:21:12 PM] 






http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.21/5.htm [10/7/2002 10:21:14 PM] 







5-1 




▲ WM 1 • *>\ — 

*fc«fc*-|-ttT\ mmiZck U SM/mT-f-£ 


a ¥S2 zizvo&cDmmufz'OT'ftix 


*> la* 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/5-1.htm [10/7/2002 10:21:29 PM] 







http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.21/6.htm [10/7/2002 10:21:32 PM] 









1 MI l 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/6-1.htm [10/7/2002 10:21:40 PM] 






http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.21/7.htm [10/7/2002 10:21:41 PM] 








7-1 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/7-1.htm [10/7/2002 10:21:44 PM] 






Am^ 073mm. 


-?OX&Wt 

C57BL/6 

A/J 

TNFa+/+ 
TNFa+/- 
TNFa—/— 


^ I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/7-2.htm [10/7/2002 10:21:47 PM] 











7-3 



cot txst 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/7-3.htm [10/7/2002 10:21:49 PM] 















”N(EZ“u 

TJ*@“®*@(Ea 

"U*@“®*@‘0 


11. 3.15 

’ {ZY‘ • n-”-t-i”h(E-ET)-F/ }/(E/C/V/A-j 

’{ZY‘*’n*”Za”C(Ea<tS- 

% 0 Y*”-%“i 

11. 3.31 

‘P*E*i“E-0(E§”_<7EZZ(E±*e“E-0* s -e“n*5‘a”z-iZ^% o u‘PZw’eZZ(E±Za”C*j 

%o«“eZx*SZil”CQia<tS _ *i*i*"'gZi*0‘a‘£*iCEa<tZ-*j 

•-.“e*r% 0 i 

‘P*E 

%o«“eZx*S*Z-+%oU 

‘O’A—E 


SCSOi*n*”’- 

•I—p«i«‘»tJ<!—LZ-<Ai’c”_—N*...ZYSJ”-’ 2 v”’ - *j 

’6CE©~a*K 

’{ZY^I^”’- 

%cJE ’ {%cq*fZZ(E±*e*a‘6(Ea<t*”*a*E(Ea<tS _ 

’JCEu-«-M 

—-Nv. .ZY <iECEn<t/Z/“/ A * [•t*i”h(E-*E"6*FFAO/C/ A /S/A*j 

SCSOi*n*”’- 

’0“c-M*v 

<a*B”_< J EZZ(E±*e*i*"SJ”-*”’- 

SCSOn*n*”*‘ •UCB3<t*i*nS _ 

•VTa*d—Y 

%cJE’ {%cq*fZZCE±*eSe%o 0 e~A—*Z 2 ’ ■ 

’{ZY 1 *’!!*’”- 

• . .ZAZk 

‘•-±*”%oi'CEv%oU’- 

<a*B”_<iEZZ(E±*e ‘ *-±* ”%oi'(Ev%oU ’ ■ 

•a‘ 2 *@<v 

Se%cse’ 2 *®*”n*nZ‘—£%eU’- 

•H*i‘**$CED<t*SSe%o 0 e~A—Z 2 n*nZ‘— fleet'■ 

•a-i*M’j 

SCSOn*n*”Za”CCEa<tS“ 

”_<^‘*4CEa<t*SSCSO*”Za”CCEn<tS“*iSJ”-<!—I(Ea<tZ s *j 

YN"a**Zi 

•f*"Z‘(E 1 *”Za”CCEa<tS“ 

-kSC“ 1 ”_<iEZZ(E±*e”''*i(Ea<t/Z/“/ A *[SA<«*§(Ea(Ea<t/'*[/ ’■ 

-{SO‘P<v 

SA«<Z‘(E 1 *”Za”C(Ea<tS- 

”_< J E*HSw(Ea<t , S’n" 0 eZ‘CE 1 *HSw”“y , nZ‘CE 1 CEn<tZ s ’- 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/8.htm (1 of 4) [10/7/2002 10:21:51 PM] 



































11 . 8 . 1 

-k—a”_< i EZZ(E±*e’n"seSi” 6 (Ea<t*”T 5 ZiCEa<tZ s 

Se%o 0 e’ 2 *®*”CEn<tSe%oae%oE 

•ii(E'%epZA 

’ t* ”’_<iEZZCE±*eSe%o 0 e'A— •Z-<JE-±%oE 

%c«“eZx*S<7E-±%eE 

z-->/ 4 'a<p 

11.9.30 

‘P-E 

‘•-±»”%ci(Ev%cU%oiCEv(EW’ ■ 

(EZ-{“!—Y 


! i { I i y 

•@ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.21/8.htm (4 of 4) [10/7/2002 10:21:51 PM] 


















contents 


JIRCASfjf.. •[fX No.22 2000 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 



0@ /~//f ,,e,iZq<Y,‘/ 2 , ( - ! .iSe% 0 ce’ 2 -®-”-@%^@ZO“,-ZB% c e-j 


D@ S g “ a (E 3 /4 

CZ1»@ (Ea< 




; ‘A-EfR.[fi-[ 


I—_ l*@ fvf*fWfFfNfg 


ZY 

• SJ”-“r*a*‘,iflfXfgfn*rfxfXfg*EfefNfmf*fW*r 

• f!fCf<fp-|f ^‘(E 1 J—L(E0—~—p 

• fTfgfEfLfr,iZ»‘±“I»fZY,5Zx,i,e\‘f(EA’e 

• »-i”z»iZi,5’ZZzS6,ASJ”-,-,e*u-(a),5’T,e 

• f il l ‘. f O. f • * f . f u—N, If S f A * [—E, I* „ ’ e 

• ”M(Ea»EJIRCAS30Zu”N<L”OZ-<^E 

• ’fS6*1%o;.,5(E} J,e*u’f*‘*H—;Z‘(EWfvf»fWfFfNfg 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/contents.htm (1 of 2) [10/7/2002 10:21:56 PM] 

















contents 


P@ »^U<@SQ^S^ 

D@ »SJ“®,« 

I l *@ »i,i“®,« 


• »uY6Yo<Z«pJ(EA—g»vfXfSf%of‘‘fJJ~A‘±, 1 />,fi’r—~—p<Z»p 




• JIRCAS“/E—§*s»—(a)»l%o»(EaJ*”-a‘e,5~ <c 






[ 


—-Nv. .ZY</E(Ea<t/Z/“/ A *[*@*i*nZ‘— ( ;%cU*(S) 
•S»Y’n»F»§305-8686 ~i«e(E§,A,-,IZs‘d,f,pl-2»@ 

TEL:0298-38-6341,FAX:0298-38-6656«@ 

• rf<fAfhf(EfX»F www@iircas.affrc.go.ip 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/contents.htm (2 of 2) [10/7/2002 10:21:56 PM] 













http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/2.htm [10/7/2002 10:21:58 PM] 















2-1 



1 ^ I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/2-1.htm [10/7/2002 10:22:00 PM] 
















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/3.htm [10/7/2002 10:22:03 PM] 





3-1 



•£-@f!fCf<fy[f .i/}/CE/C/V/A—.% 0 E‘aSw\“a.j 


i % k * 1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/3-1.htm [10/7/2002 10:22:10 PM] 





http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/4.htm [10/7/2002 10:22:13 PM] 









4-1 



man 

wm 

mm® 

mm 






7 4)\,*- f T-*r 1 k 
BEI4<t UTffllfilc 

Rtztwmwz&z. 


•@ 


.£-@/T/g/E/L/rZuSn(Ea,i-"Z^rU“® 


1 E£1 I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/4-1.htm [10/7/2002 10:22:17 PM] 









Si 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/5.htm [10/7/2002 10:22:20 PM] 














•£»@ZE» A ,P»@»-'”z,r ,1 /4» ,, ‘r5Zf-(5),A»i«o, 3 ,e, 1 ^CEn“» 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/5-2.htm [10/7/2002 10:22:25 PM] 







m (t/ha), LSD(5X)=0. 52 LSD(5%)=0. 40 


5-1 



1 23456789 10 


•£*@*},P*@*- 1 ”z,i” 1 /4*”‘r5Zf-@(DH),",ae,NCEn“*^Zf-(a)(PS),E,ae,e‘I” 2 , 3 ,e, 1 /2,»,e, 1 /4,e*a"E10CEn“«,iZu—E 


SZS 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/5-1.htm [10/7/2002 10:22:29 PM] 
















$ 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/6.htm [10/7/2002 10:22:31 PM] 



















•£«».},P’@/>/ A /“,I*E’u 


I WH I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/6-1.htm [10/7/2002 10:22:37 PM] 

















6-2 



•£»@ZE* A »@/A/r/Z/j/A‘®,iE i /\/l/%o/V/A‘®,— N,E»Y’u, 3 ,e,V2fSf A »[fgf%cfbf\ 


I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/6-2.htm [10/7/2002 10:22:45 PM] 






6-3 


1500 i— 



•£•(§)•} ,Q«@ ,R”NSO,I/S/ A *[—EJ^I 


l *> la * 5 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/6-3.htm [10/7/2002 10:22:51 PM] 







http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/7.htm [10/7/2002 10:22:56 PM] 






http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/8.htm [10/7/2002 10:23:12 PM] 






















http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.22/9.htm [10/7/2002 10:23:14 PM] 



















•£-@/X/S/% 0 f7J-k-”,rA‘±, 1 /2,6’r(EQ-(a).@.@.@.@.£.@,i/2,6’r,i(E©,:,e—CEi 


— ^ ■ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/9-1.htm [10/7/2002 10:23:18 PM] 










10 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/10.htm [10/7/2002 10:23:20 PM] 



















11 


X(BW]^‘ 


”N(EZ“u 

'U*@“®*@(Ea 

TJ.@“®.@‘0 




•X—N‘..$(Eo<t«SSe% 0 ce’ 2 *®*”Za”C(Ea<tS- 

—e-0*iZj 


SCSO*i*n*”*‘*U(Ea<t*i*nS- 

SA«<Z‘CE 1 »”»t(”h(E-»E''6:*‘*UY(Ea<t*S) 



iZY—p-”Za”C(Ea<tS- 

Nv. ,ZY<Z*p%oi<cZ—±<g(Ea<t’ 2 * 1 S _ 

aV“j*V 


•1j»"Z‘(E 1 *”*t(”h(E-*E''6:*‘*UY(ED<t*S) 

i»"Z‘(E 1 »”Za ,, C(Ea<tS- 

•Y“c‘P’E 


‘•-±*”SCSO<7E-±S0—%cUSCSO</E-±*e-aS~ 

Nv. .ZY<Z*p% 0 i<cZ— ±<Q’ }”gZ—±*SSg—•‘£e2% 0 U<^-±(EW’- 

•Y~a*MZj 

11.10. 1 

‘ *-± • ” • Z-±%cU • 1Z-CEW ’ ■ 

”_<7E®3< t/Z/“/ A » [ ‘ •-±*”»Z-±%oU»lZ^‘ ae2<EW’ • 

•-^-i*e*N—T 


‘ *-±* ’ ’%oi(Ev%oU%oi(EvCE W ’ • 

”_<'E‘**iCEa<t«S ‘ .-±.”.Z-±% 0 U.Z-±‘ ce 1(EW’ • 

~a“c*@“w 


•X—N‘**$CEa<t*SSe%cae’ 2 »®*”’- 

—N<iE*”’- 

“c’t*@CE%o 


’ {ZYZZCE±*eSe%oae’ 2 *®*”Za”CCEa<tS _ 




Nv. .ZY <Z»p%oi<cZ—±<£ ’ }”gZ—±»SCEa<t(E5—^%oU%oU’-a 

‘•-±*”SCSO</E-±S£—%cUS C S 0 < /E-+* e-aS r 

SUZR~a*r 


”_</Ei*"Z‘(E'(Ea<tvS*uZE*u^Zi-e*Z-±% lC U% 6 i(Ev(EW’- 

‘ •—±*”* Z-±%eU • 1 Z-CEW ’ • 

<v*U*@(E’ 

11.12. 1 

SA<«Z‘(E 1 *”Za”C(Ea<tS- 

SA<«Z‘(E 1 »”*t(”h(E-*E''6:*‘*U"i(Ea<t*S) 

<B“jZn-F 


•H»"Z‘(E 1 *”Za”CCEa<tS- 

i»"Z‘CE 1 *”*t(”h(E-»E''6:»‘*UY(Ea<t*S) 

%eA“ ;•(§)•_ 

12. 1. 1 

Se%o£e’ 2 *®*”(Ea<tSe%cBe%oE 

Se% 0 s’ 2 *®»”SCSO(Ea<t(E8 —<%cE 

•™-i’q% 0 p 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/11.htm (1 of 5) [10/7/2002 10:23:22 PM] 






































11 



SO“CE”_*-<g‘•-±*”CEui%oU<o*I‘g*t ‘ 3e4(EW’• 

‘ ’%ci(E v%cU—p“x(EW ’ ■ 

• 2 “i*PZu 


<a*B”_<iEZZ(E±»e‘*-±*”—p“x%eU»‘—L*aZY(EW 

%o« “ eZ x • S *Z-±%cU %oYCE vCEW 

”d- «@*® 


“(E-k”_<iEZZCE±»eSe%oae"A—•Z (> <7E-±‘ae"e%oE 

%o« “ eZ x • S < /E-±%cE 

<g“c* 2 ’j 


“(E-k‘aSw‘aSw% c @”_SwCEo<f% 0 E< 3 Zo 

O 

9 

c> 

! 

s • a -q%cq 


SCSO*i»n*”»t(”hCE- , E''6*FCGPRT/Z/“/ A »[) 

SCSO*i*n*”Za”CCEa<tS- 

%0iZR”EZ-r 


‘ •-±*”«Z-±%oU«Z-±(EW’ • 

-kSC“ 1 ”_<iEZZ(E±*e‘*-±*”%oi'(Ev%oU%oi(Ev(EW*e 

••“c*@Sx 

12. 6. 1 

‘ •-±*”%oU(Eu*HCEW’ • 

‘ •-±*”*Z-±%oU *Z-±(E W ’ • 

.1/ 4 _{.3.K 


Nv. .ZY<Z*p% 0 i<cZ—±<g’ }”gZ—±»SCEui%oU<ci*I*YZ/(EW’- 

‘ .-+.”.Z-±% 0 U(EuiCEW’ • 

aV“i<*_ 


- [_ Eg ■ _ - 

•@ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.22/11.htm (5 of 5) [10/7/2002 10:23:22 PM] 






















contents 


JIRCASfjf.. .•[fX No.23 2000 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 



o@ ■ '/-///-/i-i-A/i/-/of<ii-1•'/!*-• i 


ZY 

Q@S -jrm * -H-.,t-A’e<Y«,^-U<;-i 

D<8. -^E-.-n * SQ’Z,E-H,x, t ,e,E,tfA . fY . fL 

• *u‘cSSE«H—;Zu<<f, fff<«v,E,as,e‘H—; "A‘S*U*a JfV f~f... f(E»rfV ft 

• *ufIfifefifKfGfr»v ,I’tfGfr»|ZYJ, 1 /i,fiJ»-'»n»§CEa<Z*p,iSJ”- 

• ”M‘N«Y—"%oiE’{ '5,CJ,ee,o,EZ”"c,u—~—p,-,e,© 

I— l*@ fvf*fWfF/Nfg * , ,e“ v “«*H*iZY<iE,i<B‘a%o» 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/contents.html (1 of 2) [10/7/2002 10:23:30 PM] 















contents 


• nRCASJ±PUI«U 1 /2A0°CEo<t, a -UZw,-,aJ 


Q. 


) »‘«U<@SO,%,ae,e 


• «‘«U”M‘N” <^fZf‘f A »r(CIAT) 


• »u* 1 /4fAftfSfJ"i«iSJ”-<i%oi'»v(WARDA) J(Eo<t*E«»<yS"“®,E,A,0,A 


• fTfnf%o»»”™"E“i JfAftfSfJJ“veJ*; 


D 




• TARC-JIRCAS ‘n—§30Zti”N<L”Q 

‘ag.V%onJIRCAS*‘»UfVf‘flfWfEf »uSJ”-“r»a’n^,IZ» c ±‘T , -“W,ECEur, 1 / 2 ” <A£<Z»pCEa<t«v 


, -a, 


^ae'F 


C 


—Nv. .ZY<iECEd<t/Z/“/ A *[*@ *i»nZ‘—i%eLF*@ 
•S*Y’n*F*§305-8686 ~i*e(E§,A,-,iZs‘a,f,pl-2*@ 

TEL:0298-38-6341, FAX:0298-38-6656*@ 
f««f f < f A fh fCEfX«F www(S) jircas.affrc.go. in 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/contents.html (2 of 2) [10/7/2002 10:23:30 PM] 














http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.23/2.html [10/7/2002 10:23:32 PM] 









http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.23/3.html [10/7/2002 10:23:34 PM] 















3-1 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/3-1.html [10/7/2002 10:23:40 PM] 




3-2 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/3-2.html [10/7/2002 10:23:49 PM] 








http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.23/4.html [10/7/2002 10:23:52 PM] 










kg/^ 


koyamal 


1 SO.O 

1 75.0 

1 70.0 

1 65.0 

1 60.0 

1 55.0 

150.0 

O ^ w « t in id r--oooi0^ojco 

oioimaiaioim Ci Ci Ci O O O O 
at oi ai ai ai ai m aiaiaiOOOO 

•} ,P /A/W/A’a*S“M*H— i —A“ii*‘ ,i/V/i/S/I»E / 'e»l“-, 1 /4,e»’»"»H— i<Y «—E 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/koyama1.html [10/7/2002 10:23:54 PM] 













http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.23/5.html [10/7/2002 10:23:57 PM] 


















•}l:CEa<t‘I*UZf,A, ,e/I/j/e/i/Kf G/r*iS w-V4»FMacrobrachium rosenbergii »j 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/macy1.html [10/7/2002 10:23:59 PM] 


«ftJK(225m) 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/macyNo.2-1.jpg 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/macyNo.2-1 .jpg [10/7/2002 10:24:01 PM] 









http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.23/6.html [10/7/2002 10:24:05 PM] 
















•£.@.} ‘ a“a””.a« ,E, ® ,e/</W* [S£‘•‘e‘@"U* A% 0 »— ! ,i*I% 0 »*iST”0-} *j 


| gTg [ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/6-2.htm [10/7/2002 10:24:07 PM] 











6-3 



•£*@ZE» A »@/ A /C»Y—"Zf<»»i“(E-k/ A /C*j 


ay 4 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/6-3.htm [10/7/2002 10:24:10 PM] 










.4 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/7.html [10/7/2002 10:24:14 PM] 












tatsumi 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/tatsumi.html (1 of 2) [10/7/2002 10:24:19 PM] 



tatsumi 

ZE» A l»F’-i’f ,A»i,9,e,A,0,e’f»‘,I“ v “»“a»... 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/tatsumi.html (2 of 2) [10/7/2002 10:24:19 PM] 


tatsumi2 



ZE» A 2»FJIRCAS/*»[/N/V/$/b/v»u‘2e“n%on“u’t*H»i»V<Z»p“0~_%oi»v»i2OOO”N3CEZ»j 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/tatsumi2.html [10/7/2002 10:24:22 PM] 









http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.23/8.html [10/7/2002 10:24:25 PM] 









8-2 



! 1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/8-2.htm [10/7/2002 10:24:31 PM] 








































•‘•C”M‘N”_</KfZ,f“/' v *|(CIAT) 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/9.html [10/7/2002 10:24:38 PM] 







http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/10.html [10/7/2002 10:24:43 PM] 







11 


i§J”-/Zf‘/''-[*v/A/t/S/JZx-§-E 

(IFDC-Africa) 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/11.html [10/7/2002 10:24:46 PM] 








http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/asanuma2.jpg 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/asanuma2.jpg [10/7/2002 10:24:49 PM] 



12 


v. 

• V »«' 


TARC-JIRCAS ‘n—§30Zii”N<L”0 
‘8c7% c nJIRCAS*‘*U.fV.f“.flfW.fE.f€ 


•uSJ”-“r-a’n"se,iZ-‘+‘T’-“W,E(Eu,V/ 2 ”_<^<Z*p(EH<f\ 


*0 


•*-u—i,iSv- l / 2 -v,/E,/E,a,F.TARC-JIRCAS 30 ”N,i.a,Y 

•(tt-l-C.I.i-ACFJ.r'N-A* 1 /-—]2(X]I)''N,R*A-'*U '_—N-...ZY.*fRn-v/Zf7 A -l*!jIRCAS*A-0*g,f"M'N'_ /FCFn<t/7f7^|*ATARC*j,l , n—§30Zu''N,;KF.K:,(.' *B,±,'[•«.!,1*11-0 ,E*a 5 
JIRCAS.'lOg.A, ,6TARC,('A1970"N.A», ,K.®,k-u—!.lSv-W-v,-.''_,6'B,p,*,D./E.-.«i*Sil4-Y—8. , ,S,Cr.p,«-B,»,t"-fe..A.u—U5v-K.v,f-ASj”-"i-5.'.A"A,fi"(E'1.E‘VA/W 
.|i,®,R-A.«§F..](F.a,* , -*«A, ,6't,A.A.;a-r6 w,t'H—^Y.iSg'4. 1 .'.B. s .6,A,«,U. -B.C.V4'ASj"-'T.a.'.'r_-M "«.*-6.l,*...Z...6'n'ii.A''_./F.,i''i,p.cSrO'®"i.‘'S.V*,R.t?.Y.ME..)-. 


•«SA<«,/E’ J -a,(l, , AZ*‘±“P’_</E,/E-H—i- 1 |ZY 

•@.±.8.S.l-8'i,t%c«E-,fi,['A/oiC/l/o/N/m/./W.|,a.M<ZT),6,f,1.B,*,-,6&'‘-t,l.V<Z.p.tSj''-.a—p,‘- s 5i«A(F4,A...B.(j.>4.A(EA.e."-a"l,6,Z..p(ED<t,6.L,B,6,i,©,«,A.f,fi,-'A 
Sr-“tA-'4,'.e,A.A '_</B,ffi‘RpB,mAitD**Bo-rT'-“W,l(E'“®—l,A, .g'±,-,6,A.pAO.B5A<«.0'S"r_</E,fiS0,-,6(ED<t>i.l>,±.*,6, 1 :,6.A21.<<I,lSr-“rt'n-*,K.'±'T--“W,6 
•@.».±,A.AJIRCAS,l(ED<t,fi-A''_,6"-,A,6,*,s.ASc.','[(E8 , l<@50-A--S6- , '-a-A.>,s,fc-.0(BD>t^jSO,)(Bl<tK),-^" o ,S-W.J.A5j"-'YA'n-i.ft- , ± , T , - , 'W,feEil.-.M"_-/I!'7.'p(En. 


i.i^~‘Ys 4 (Bor,K<z^Sr--,E,v,«i»B^,i(Eo,t-«»fi.A<B». 6 ,®.|<m,l%«A-v. 

VI 2.”_<®-T‘0(En,K.-±.«,i,)4,B,KT'O.A/A/v/~tf 

3.<Z-p^;' , -*F.**<y,F J (Rur7/'* < IZYZ6-l(Ea<iZC>l*^y'o*l-"S6Se*' , -£i,A:,'rA(Fg 

4.4--±'T'_—N-...ZY<®,i"--W,E(Eu,-,A,lnRCAS<y,NSO-A(En<t.@SO‘'™,i-4,Y.®-|(ES,M(Eu 



t-‘,ASt-{,E.H- i ,iZ®«,‘%<»A'\®,4,6.U,P,K.B 

),r_--2Q%^,aS0(EWSe-ll-4,jE,rA(Eg,I<-%<»,M—v.A.-B 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.23/12.html [10/7/2002 10:24:51 PM] 




JI RCAS/j/... •[/X,Q,S*t-UZY 


JIRCASfjf •[fX No.24 2000 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 



*e,U'Ci’tS6»i f~fff“f }*r’f*”*!^CE"J*-i, 3 ,E’-i,E,A *i*iSe%oaE’ 2 »®»”»(a)%(rZO“;.ZB%oe»i 


D@ S a “ a (E 3 /4 

IZZI*@ , 2%cE^n 


I l@(EQ<' 


-f *- | %cE 


I l@ (Eg<' 


:f—%cE 


D@jV.f-; 


@ jVjVfWjTfNfg(EQ<f 


ZY 

• ZD%oi(Eo*ICB3<f ,ESu‘Q, 3 ,e,e<Z*pSJ”-J*u(Eu*tr,^EfVf“fNf A f“fN<(a)’\ 

• *Y”M‘N Jx- ,0%aL a “y»e,5—~ui<Z,e 

• *...*s‘«,EZa,0—a"i,i“A»«,5%oii‘P,-,e 

• fJfr, g *A*",5SQ’Z,©,cZc,e 

• <C»U»I“®—V a ,E,as,e»’»-»fZYJfSfXfN(Ey(E, 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/contents.html (1 of 2) [10/7/2002 10:25:06 PM] 


















JI RCAS/j/... •[/X,Q,S*t-UZY 

D@ «!,!“©,« 


• » 1 /2»-'H”N“x%o«“e*u,0,ci(Ea<f*n**%oi' 

• AZtJZE> A «a- 3 A 


/-a^^/'se-F Nv. ,ZY<JE(Eo<-ffZf ^% 0 U*@ 

•S*Y’n*F*§305-86861*eCE§,A,-,IZs‘a,f,nl-2*@ 

•@ TEL:0298-38-6341, FAX:0298-38-6656*@ 

/• * I f<fAfhf(EfX«F www(a)iircas.affrc.g().ip 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/contents.html (2 of 2) [10/7/2002 10:25:06 PM] 











•y\Zt,IZE* A *a-%*z 


•y # \Zt,IZE» A »a- 3 /4*z 

♦ j J » ♦ 


/„//f/).[,a q <Y,Vi, tl l,a:,-"-,-.B/lf'/_fCE"[*V4(E'“i-”,l/C/G/W/“‘ s ,lZq<t,V5,i„»*A,'.6,3,fiZM^,l‘y‘0,5%c'‘a.fi,l, 1 .A’’,„A.A,0,^B”I>,5,l.e,|i,0—V,N’tS6,A, ,e-B\B,fe—'V,N.S.a,B,A-A— [.4,6 , O,6/]-[/P/b/g,l-T, ? ,A“X,5"O,-.B“u"A,--h4-,t,V4,B,frA-0,lAu/A/i/J.[.y,s§ s ,fi,A,-,^,s,02q<Y,i2;p,‘,tJ,tl,!,tt,ii,(i-I 
l,li.A,(!,^A.*a"'Z‘CE>CED<tj ! Zf7''.[,*, ,e*A“c2fi,l.u(Ea<t5w%o '"•Y,6,6,A,A,0,e-B/-//f'/}-[”_< J E,l”-“W,*,±,lZq<1(’,14,i„1.4'4 > 4,0-(!— ,5<F,i!,H,0-B 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/8.html [10/7/2002 10:25:08 PM] 





•uS a “ 8 CE%*v 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.24/2.html [10/7/2002 10:25:10 PM] 











•u-%o£- 


•n*v 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.24/3.html [10/7/2002 10:25:12 PM] 








ZE« A *@«<%J,E,ae,e , 0“y- 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/3-1.html [10/7/2002 10:25:15 PM] 






lift N(D)/10min 



0 1 2 3 4 5 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/banzai3.htm [10/7/2002 10:25:17 PM] 

















































a 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/4.html [10/7/2002 10:25:18 PM] 














Moroberekan (»Y—~—cri»iZf) 


UPLRi-5-i%ou—g—crt-iZf-j 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/4-1.html (1 of 2) [10/7/2002 10:25:23 PM] 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/4-1 .html (2 of 2) [10/7/2002 10:25:23 PM] 



4-2 



c 

) 20 40 60 80 100 

0-2 0cm 

1 


20-40cm 



40-6 0cm 

a. 


60-8 0cm 

■ 





• -/X/g/CE/X, 3 —cfi»i»iZiUPLRi-5»j,iE/g/E/ ,/»/R/V ,I“y»e‘w~E’t ,I» a ’-» a »z,E<y,U,-%ce<£ 


' til* 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/4-2.html [10/7/2002 10:25:24 PM] 

























•yCEn<t*-r%oE*z 


f 


,fJ/r, 5 -A*",aSQ’Z,©, s Zs,e 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.24/5.html [10/7/2002 10:25:26 PM] 







ZE-*1 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/5-1.html [10/7/2002 10:25:29 PM] 








ZE* A 2 /}/_/%o/o/b/ A ,l*-.’Z,IEphelis japonica ,lS'*6,p,y2—t*i+*j,aB,e,a , AS'*6,pA0,£,0—t-i-|-j, 1*0,6,ae,e*D,n,A*H,x,e 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/5-2.html [10/7/2002 10:25:31 PM] 




http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/2000/No.24/6.html [10/7/2002 10:25:33 PM] 










•se’ [%oESw,iE”_--,i , mZ-,54 ,f, 1 ,A-A,0,5%c5(E%p*A«H—eiZY,F A’e% o »«A*n*0 JCEyCE, ,5ZA(E» 


•E/A/tfS/J,i*n*0,7E*FI—^•s‘«,I”w(Ei,E, ,e-a‘e*F”_--,i-A,0 

(E»»6 .E-sA’e,E% c J—E-F<Z”NJS±,i,AJCEa»A<Z”N% 0 J—E,5-M,tA"T,5»A,!,A—?,0,©””*i,E,-,e,( 

•EZu—v‘*%oA,-,e*A*A*]—',iZa*H,i”'V 1 ZG* , ,5,g,o‘g,Y*1:,i, l *A,g,o.i,e,© 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/6-1.html (1 of 2) [10/7/2002 10:25:36 PM] 










6 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/6-1 .html (2 of 2) [10/7/2002 10:25:36 PM] 




•y*‘*0CEn<j-<@SO*z 



”_</E,iZ«‘±*«,a*„l{,efAfOf*ftfHffEfXfg.fS*[ 

•‘•U+,I>Ui«U 1 /2A0 o (En<t 3 /iYA°(ICRAF)*E“CE“ifA/W/AZx»” 



•@*‘*U/A/0/*/t/H/(E/X/g/§*[(ED<t/Z/"/ A *[aCRAF),l*A«‘*0”_«®ED<t<!<c/0/<*[/v(CGIAR),i''6"5,A*A*ie«i*‘‘‘™,IZ‘<4%o|:**,A%o''%(«, 3 ,e,A,e,6”fi%«c—',I(EO<f‘g«D,A,-*B(E»*Y«A”M‘N’n"$,E,",",6*H—Ai*E5A<«-a‘&,5*A/A/0/*/t/Hf(E/X/g/5*[*E/V/X/e/ ,8—p,0,ASWKE' > p,a,Q > iE2*,fe‘g,a,A,0 > O,-B 
•«/A/0/./t/H/CE/X/g/§.[,yG,f? 

/A/O/*/t/H/CE/X/g/S*[,^,I*ASfe’P,fi(E%,e,U,-,vE*A^*‘±“I,fe”_<<®*|2Y,6«s,a, l /4,B,E”_’n,A-0,8“5,A,d,±,^,A,-*i^^*j*B/A/O/*/t/H/(E/X/g/ : S*[,E“K,(i, l Afc—0,i*r’l,^,A,«,A,i<Z«p*I*fi,5’fi<Y,-,6,±,<CA*il—v,fe§"“®,I,P,A,A,-*BICRAF,f*A 1 ±,6,5,iS'“®,8«L,-*s,D,l^,B,6Se*',i*‘—§(EQ<t<@§ 0 ,a'S§w*ANGO,E,^, 8 §U,t > ‘ l / 4 ,-,i<@§ 0 ,vE<l—f,p,A,0,U,-*B 

ICRAF,f.A-{.”{E“’t%e>/A/t/S/J^x.”,>/P/j/A,i2a“s/i/C/*/r,fi, ,6‘'/4,£*A“l/A/*/S/J^x*”,'/y/<*[.6-A“(E“i/A/W/A^*”,*/Cr/h/l/V/A,E*A*'/4/A/t/§/jlx*”,W/<*Lf,^*A , ‘i/A/t/§/J^x*”,*/)/%«/E/B,E.A/T/w/<?;x*”,*/}/S,E, ,&,U,-B"CE‘ , l/A/W/Alx*”,i*A/Cr/h/l/V/A,l/{/S*[/<,8<’"_, < E,p,A1992”N,©,5§'“®,6§j2n,p*A*u.A’-*k*l,E , 6,f,6”_<iE/V/X/e/ ,I§r’-*v,iE*UT”p’n,i%«i.cE.v,iE,(£,Q,Q,A,i/e.[/l,E2as,fe‘g4i,A,«,Cr,p,^B 
•oe“(E“l/A/W/A, A,i(EQ<t/e*[/ ( 

(E>..Y.A“(E“i/A/W/A2x.”,AlA2(,3,e,A,«l,6(ED<t/e.[/),i-U.W,I.A^Y,i5,A,A,-B 

l.*u/A/0/*/t/H/(E/X/g/ : S*[, -,®,N2‘CE'Sg—•,E, T,6*-*6.a,i*M*vG/A/0/*/t/H/(E/X/g/§.[/V/X/e/ ,i§r’-,6”_% a E,*^3“±“I,fi*s,D,E, ,'/4,A,A*A,»,i*i. S ,a‘j,P*§-fi—v'6,I% o 'A,©,6-y4, S ,©,E,p*A,>.,l*§-fi.i(Ey(E„0(EU,-,A.-*6’n{Ey4,5*s,D*B 

3. *UT”p’n,I%^—?*v<}”_% 0 «,'T”p’a,8%flU—g,-,6,'A,B,E^g,a/A/0/*/t/H/(E/X/g/§*[*E/V/X/e/ ,5^f,p*A”J^,M/ > fc,^],0 > p,(S“y’n—’p-@,BST-,-,6,i,5~,-,6*B 

4. «u/A/0/«/t/H/(E/X/gCEo%(C*v»G i fS/ •f’l,a% e Efc-f’l,E,g,i,®,a,E*A”_< < E,s,6,2l—N<^,E<B,0/A/O/*/t/H/(E/X/g/S*[,E,A,(£,A.A*X,E*t^Y*«,i*„e% o il—?(EA,a§r’-,-,6*B 

5. «u»l«P“5«-i,jE‘g*D<-%e»*v*G/A/0/*/t/H/(E/X/g/§*[,i<ED<t*E§r’-*E< 3 “5,E,f ,ES0,-,6«l*P"5*-i,^‘g*D<-%c»,8*A/g/(E*[/j/“/0*EM*rl*E'n"s/A/0/*/t/H/<E/X/g/S»[< 3 “5/l/b/g/«*[/N,5’E,p,A«s,Q*B 
•oe5,A,i%oCr‘6,I(EP<t/T/C/g 

^“(E“i/A/W/A 2 x.”,'.A- 6 .a,i,T% e 0 ‘ 6 , 6 z iB , 6 ‘g,P§-‘®,i. 8 ,I.A/Cr/h/l/V/A.A/t/B/S/s/“.A/A/C,A, 3 *A/Cf'/h/l/V/A.E,-,-, 6 - 3 .,fr/C/gJ.A/X/)/gf% 0 ‘‘r‘i-”, 6 'E’u,-, 6 /% 0 f‘/If^.B.A,»,p,A/J/S/)f‘/A f ,&,U,-.B/t/B/§/sf‘,A,f.A/~/‘‘/^‘‘tJ/N/^/x/S/A.-^.N/fef‘/^/pf■.A/A/C,A,f-k."/A/C, 6 ,-,e,A(ED<t,'-s,.',e,A,«l,U, -iil.j.B.iICRAF‘(E‘‘l/A/W/A^x.”,tWeb site 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/7.html [10/7/2002 10:25:38 PM] 





7-1 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/7-1.html [10/7/2002 10:25:41 PM] 
















★ ICRAF Office 

# Key research watershed 

♦ Field site 


•} •@ICRAF“(E“if A/W/AZx«” ,I(EP< f/T/C/g 


I m I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/7-2.html [10/7/2002 10:25:50 PM] 


















“e‘%"Y 9/8 *H*‘ 




”N(EZ“u 

'U*@“®*@CEa 



12.8.1 

”_<iE(Eo<f/Z/“/ A *[*aSQ’Z-h*ce*”/}/C/R/v/%o/Y/}*aSQ(Ea<tZ e ’- 

•1|ZY—p-”Za”C(Ea<tS- 

%cF*™*x — Y 

12.9.1 


Nv. . ZY <Z»p%oi<cZ — ±<g ’ 1 ”gZ—+-S“dZq(EvZZ%cU ’ • 

....“$•@-3/4 

—Nv. ,ZY<Z-p% 0 i<cZ—+<g‘--+%oU*t 


“-•a(E~Zj 

Se%c£e’ 2 *® *lJCEa< t’ 2 *®S‘ 

”_</E(Ea<t/Z/“/ A *[Se%c£e’ 2 *®*”(EC!<tSe%f,ffi%oE’- 

’r“c — g/e 

Se%oas’ 2 *®*”~A — •’ 2 »®%eE’- 

SCSOn*n*”*‘»UCEa<t.i*nS- 

•->ZR*@*C 

Se%c£e ’ 2 *® *”SCS0(En< tCE8—.%oE’ ■ 

%c«“eZx-S*‘*U<a“-(En<t%oE’- 

-i“c*F*l 

Se%oce’ 2 *®-”Za”CCEn<tS- 

Se%ose ’ 2 »®-”~A — • ’ 2 *®%oE ’ • 

• 2 “j* 3 *m 

SCSO-l*n*”Za”C(Ea<tS- 

Se%ose’ 2 *®*”SCSOCED<t(E6— -%cE’- 


%<x<“eZx • S • ‘ • 0 <ct‘ ‘“(Ea< t% 0 E ’ ■ 

%c« “ eZx • S *1 UCEi CEa< f Z- ’ ■ 

-i“c*$‘a'e 

12.9.16 

%o«“eZx*S*Z-+(EW’ • 

”_</EZ0‘aSwZ*f — I%cEZ^-”_</E(En*C*SSg — <EW’- 

•1—z*@‘* 

’ t • ‘ ”_</EZZCE+-e ‘ •-+ • ”%oi CE v%oU%oc ‘ UCEW ’ ■ 

%c«“eZx*S*Z-±%cUCEW’ • 

•AZR»GZh- 

12.10.1 

%o«“eZx*S *Z—±%cU ’ • 

•@ 

Nv. ,ZY<Z*p%ci'<cZ — ±<g’ }”gZ—±*S“dZq(EvZZ% c U/V/X/e/ %cU’-a* 2 

•%«•£( E’~e 

’ {ZY‘ • ’n*”Za”CCB3< tS" 

’ {ZYZZ(E+•eZa”aEa<tS-{E“ , {ZY‘»’n*” 

‘a“*’e — m 

i-'Z'CE 1 -” 

•V<K*I — p 

•P'/4-_Zj 

’{ZY‘-’n»” 

•V<K*I — p 

ZR*e* 3 Zj 

Nv. ,ZY<Z-p%oi<cZ—+<g’ }”gZ—±-S“dZq<EvZZ%cU/V/X/e/ %cU’-a* 2 

%c«“eZx*S*Z-±%cU’ ■ 

•@ 

‘•(E 3 *Y*G 

•'/4SC<$*.. .ZY(Ea<t*s4s_Zx*S%c'SYZ‘(E l CEa<tZ-’- 

v..ZY-”Za”C(Ea<tS- 

-0‘]*Z—T 

Se%c£e’ 2 *®*”*t*i”h(E-*E"6*F/C/“/h/l/V/A*‘”_<jE*E*j 

Se%cae’ 2 *®*”Za”C(Ea<tS - 

• 2 “j» 3 *m 

%o«“eZx*S*t*i”h{E-*E'6*F*‘*U"CEn<t*S*j 

%o«“eZx*SZa”CCEn<tS _ *i*‘*U<n“ _ (FD<t%oE*j 

-6CE'*'/2Zi 


1_SS_1 ' a » I EES1 I 


•@ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/hito.htm (1 of 2) [10/7/2002 10:25:51 PM] 



































“e‘%"Y 9/8 *t‘ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/hito.htm (2 of 2) [10/7/2002 10:25:51 PM] 


syouhei 

• 1 /2»ill”N“x%c«“e , n,d,0QSJ<f«n»»%ci 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/2000/No.24/syouhei.html [10/7/2002 10:25:54 PM] 




-UZY 


JIRCASfjf. ..•[fX No.18 1999 



• 6 /g/E/K/%c/V,a/o/*f‘-E/-/% o ,yE, 0 ,i',e,e—, 3 , 0 * 6 / A /)/l/M,f/C/“/h/l/V/A-- 4 -—,i-KZu-i'B"eZz,f%oiSi, s <(“«,[i‘4*I*S”z, 3 ,e, 1 /4,*-A-A<B,i-,’rA’e-BZs'e,E,k-A-L-x,E > o%on,A,A,0,e*B(/C/“/h/l/V/A-A/{/S-[/<,i/)-[/P/b/g,E,A(Ea“i—ZqZB%ce) 


4.@ fvf.fWfF.fN.fg 


4.@ SCSO(En<t 


4.@ (Ea<t.-.%6E 


4.@ scsofzf~fi.r 


-U*@*@ ZY 

•@ .E%o«"e2x.:>.it ^v.^Y”M^Nfvf^fwfFfNfe(Ea<■l■ 

•(a) -. | /2-.10”N“x. , .U” <iEZZCE±(EP<t....i%d<c. a Sj.A, 3 .6,e- 


•E.‘.U” <JE(EP<t-VocE‘im%cO‘b~t - 


•E.fCf fhfl/VfA, E," ," 

'.e"uftf©.rf~f fOEfVfXfef CECkt.v.ISJZn 

•EfCffhflfVfA.E.Y 

.eftf(a)‘lf~f“fO‘EfVfXfef ..e.2ECE».o 

•EfCf.fh.fl/V/A.E.V 

,e<o“"(En<t 

•u'U'ZZ-^fE.E.ie.e'X- 

-N.AZ.*-n(E 3 --.i“v’n—p,E-J.:. 1 A%ce<;."V 

•EWZ % c »V‘f.I”--U— ! 

[•§<Zn),lgr- 


-”KE 0 ’ 2 .fiffi A ”l — ;.<y.fj*E%e» — j.jFtXi — ~ — p- 

.B.n..x%Q.I»fc£tfefB.rfN.^flfzfKfi.r.!‘t!—fj-v.6S5.-.efZ,f~fi«r.AfTfQ.A§J.A 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/contents.htm [10/7/2002 10:26:07 PM] 
























JIRCAS/j/.. .-[/XNo 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1999-18/1.htm [10/7/2002 10:26:09 PM] 
















JIRCAS;/t*[/XNo 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1999-18/2.htm [10/7/2002 10:26:12 PM] 





%oO‘e-V4 





No. 

%cU»@ ‘e •@- 1 A 

-% c E,i* a —P*A 
’n»o»e»S 

1 - 

/•fR/“/f/</ A ,E,",-,e”_’ (•...•i*t.<Z*p‘i(EnJ% c u‘P 

((Ea<t*A*‘(Ea/Z) 

2. 

“r*a*‘,5l*U,iE,p, 1 /2”_<.E,i‘**t(Ea<t,E,",-,e*‘*U<a“-,i.„.i*u*6 

(CEa<t*A*‘CEa/Z) 

3 . 

“i*A,E,",-,e‘a“a,i. s *k<N*l”l<Z*p,i% 0 u‘P*u(Eu 

(CEa<t*A*‘CEa/Z) 

4 . 

fuf%cfWf< ,I‘ a“aSO~AZY<iE,5’t*S ,iE,p/AZY<iESO~A»M 

(•s—A”_CEa/Z) 

5 . 

•- l ”z*iZi,i‘*SuSJ”-,i, 1 /2,8,i” 1 A*”‘i*i*o(E0—!,i% 0 u‘P,^AZi<Z*p,i*]%^ 

(CEa<t*A*‘CEa/Z) 

6. 

•E%o»,6—}•§, ■ ,e”M‘N/C/l% 0 E-q‘ • 

((Ea<t*A*‘(Ea/Z) 

7 . 

” ’n“ye,©,0,i eZ_%o»’,‘f, ,ae,N YZ_%o»’,‘f,I*u*o,E<y,U,-Z{”i*[“x,I%ce<^ 

((Ea<t*A*‘(Ea/Z) 

8. 

S£7%A>i*"i~5,5‘£*i^6»a , S”dZf 

(CEa<t*A“(E-k”_ZZ) 

9 . 

fxfgfif ,E* a *z,-,e/C/1,0,a,^*a<Ur,re,N/C/l’”—t(El*a<U,i*aCE'*« 

((Ea<t*A*‘(Ea/Z) 

10 . 

/ A /CZY/V/$/E/K%oE*H—p*A* ",ESU,U,e,e*R*rU(E"*-'* a j’P—£*E“~’e 

(CEa<t*A*‘CEa/Z) 

11 . 

—n<0”-HK Flexibacter sp.FL824A,i/L/7“* a % 0 6*yTa“'Zq,i% 0 6*I 

(CEa<t*A*‘CEa/Z) 

12 . 

fxfgfif •E/*/R/“/f/</ A ,E,", _ ,e“0%oii’Z,iS"*6*6<p, J E<i’Z,i(Eo*I(E0%oE 

(•s-A-‘(Ea/Z) 

13 . 

/C/“/h/l/V.f A*E/X/ l/g/% c “t,E,",",e'U*ZZ-< J E,IfS/ —N’n ,I*S—LCE' ‘O,M%0» 

((Ea<t*A*‘(Ea/Z) 

14 . 

/I/C/</p-[f <6%oE-[,5(E"—^,iE,-,e/N/%o/t/g/p/</v,i- 3 %o-‘f«Y”’ 

((Ea<t*A*‘(Ea/Z) 

15 . 

/70/-[/u—N,I/S/ A -[—E 

((Ea<t*A*‘(Ea/Z) 

16 . 

’t*‘ZY’W*...<>,6—p,0,y2—a“ ,-,e*g,ISJ”- 

(•‘•U*A*‘CEa/Z) 

17 . 

’Z“u,E,ae,e“u-{ Y,I*”* a *s-«,I”-*1[,iE,»,i—v~o 

(CEa<t*A*‘CEa/Z) 

18 . 

/A/Y/L<6% 0 --i.«Zi,E,T,e/A/Y/L/}/-/]/E/ /V’i«R*«(En“.,l”-(E© 

(CEa<t*A*‘CEa/Z) 

19 . 

/G/‘7h/t/@/C/g,ES'*6,p, 1 A’g’nCE A /C/l%oE-q‘*,iSQ’Z,E‘i,-,e*U*H‘jSQ*i—p 

(CEa<t*A*‘CEa/Z) 


•@(ED<t ,-, %oE,E,A,0,A*A*‘*U”_<iE ,2 *®<£e* a ,Aj*A*‘*U (<Z*p,i*‘*U“I,E*L, a ,e*A“K% 0 z*«)*A(Ea<t 
(/V*[/Y,iE,p,A,i*d—v*«*ASw*p“F’-“W,i,l4,B,iSn— A )*A*s*- (*s*-<y,NZY<^SE J“n'e/Y,EM .• ,e*v(E£) 
,l»M,E»],A,A»i%oE,5»]%o£,p,A,0,e»B 


•@ 

I g - L_ SZ1 ■ EES3 I EEM 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/3.htm [10/7/2002 10:26:13 PM] 







































JIRCAS/j/.. .•[/XNo 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1999-18/4.htm [10/7/2002 10:26:14 PM] 













JIRCAS/j/.. .-[/XNo 


',eW@-[M“/N-E^VfXfe/€(En<t,i—-,e,^(E»-6 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/5.htm [10/7/2002 10:26:22 PM] 




JIRCAS/j/.. .-[/XNo 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1999-18/6.htm [10/7/2002 10:26:23 PM] 




















18-6-1 



ZE» A »F/X/}/g/%o“$/W///“/r*B/_J'i/r-,i”_%oiE,-CEo%oc,-,e/S/ —N 


! t k * 1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-6-1.htm [10/7/2002 10:26:27 PM] 






http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1999-18/7.htm [10/7/2002 10:26:28 PM] 


















18-7-1 



•}1 : l/2000a/./0/l/</l/b/g,E”i—6,SZ{—p,p,A,0,e,^,±,e 


i Eg | 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-7-1.htm [10/7/2002 10:26:32 PM] 





18-7-2 



M2:/g/E/J./R/V,MH,^e,A,0,e/l/b/g,^N 2 O/t/% o /b/N/X,5‘ a ’e,-,e,i/2,B,I/7/f‘/o.[ 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-7-2.htm [10/7/2002 10:26:35 PM] 







03. U hitHfr £>CDN?07 y y 

<7*<nmBm t 


• KtofflfiSlJefl 

♦ m 

-*- m&m 


400 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-7-3.htm [10/7/2002 10:26:37 PM] 


mm 











JIRCAS/j/.. .-[/XNo 


•U',<^c*E , Z-fZ]'fe,fB'|f\,/K.f J.fz.f Kfi*|,i‘C—N*v 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/8.htm [10/7/2002 10:26:38 PM] 









18-8-1 



ZE* A l*F/T/o*B,A*A,aCEA,0/e/B*[/N,r0—N’n (/}/(E/C/V/A/T/o*B'A/o/“/_J‘E) 


^ [ 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-8-1.htm [10/7/2002 10:26:42 PM] 





18-8-2 



ZE» A 2*F/A/t/S/J/}/z/K/j*[,I‘0—N’n (fTfo-Af<fAj\f'’-X— N/Zf7 A -[) 


| gFg I 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-8-2.htm [10/7/2002 10:26:44 PM] 









ZE* A 3-F‘0—N-A~5-c,i/Z/b/V/t/“,A,iZi< A % I ,z“s 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1999-18/18-8-3.htm [10/7/2002 10:26:46 PM] 









JIRcon 


JIR CA S .fj.f...»[.fX. fe «w,No.14* @ 1998 


•E S-“-(E 3 /4 


•E «-i%oE«i»fi 


•E «L"sefvf»fWfFfNfg 


«E SCSO(Ea<t 


«E SCSO’ 2 « 


-U *@*@*@ZY 

SA<«Z‘(E 1 »”,E,"r,e»“‘a«d“ CEa<t,iESCSOCEa<t 

•i/S—<iE«nZZ(E±(Eo<t*.,*i%oi'<c»n»» 

•@H-{%a'<c,iST—v,/EZa—v(EY“ 0 % 6 U‘eH 

»‘»U” </E-(a)(Eo<f•~'%f.E»T»n%oU‘e'e- 


u“i»A‘a“nfvf«fWfFfNfg»v,ISJZn 


V(Eci<t’n"ae’t%o>/ ? A/ ? W/ ? A,Aj<P“~(Eci<t 

@ -‘•’n”_< 7 E, 5 ’f , S, 7 E,n,A- 


/ ? Cf“/ ? hflfVfA« 1 A»”J/ ? A/ ? </ ? rfW/ ? A‘ci—N’n,E,",e!,A»H—tSO,5"0,<«N,±,u,A,e! 

.efLT fifE‘®»iEurema«j 


•E f««[ /’NfVfifb/’v JIRCAS/ILRIf'Wf':|:fCf'“fg«Ef««|fNf'Vf:|:fbfvSJ,©,e,e 

-»dSE,i%o7E’ {«|ZYCEn<t,Ef A fC,-,e“u-{ ,iEILRI«‘«U»vCE£- 



•£-q’l,I-‘,c,H,-Af\-[fZ-rfW,af-rfY.IZi— P,I-L-x-ifpf% c fOfAfC-AfAfXf‘fVfIf‘Zs’t%o>Zs-e,E,A-ASCSO-i-fi-”-(ai »‘« 3 -q%cq -i 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/JIRcon.html [10/7/2002 10:26:49 PM] 




















SA< «Z‘CF E,",-,e*“‘a*d“_CEa <t,/ESCSOCEn <t 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-1.html [10/7/2002 10:26:51 PM] 










vi%oT<c*@*V&- 



n,X”N“x*rrT‘*U”_</E*nZZCE±CEn<t*„*i%J<c*fi** 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-2.html [10/7/2002 10:26:52 PM] 




'%oE*T*n*@*@*@*@*‘*U”_</E*@*@CEn<t—,% 0 E*T*n%oU‘e"e- 

.^%cE.i.n*@*@*@*@»‘*U”_<iE*@*@(EK<t*-'%oE*i*n%oU‘e''e- 


•@%oU*@‘e»@-V4 —% 

I- D-A-',iSf‘t‘I-«SO— A "a“'Zq(EQ,a-§tEa,-,efLfC'a“'Zq,i’P—£ 

2.I)f).f(KfC.fVfA,K,V,e/n.fC.fu/,Sfb/hl,i,SJ”-,/h:,»,'[—p 

4*D%„q*ffHj-'',E,a;,e/C/“JTi*E/f/Jf‘-,{E'’t%«>*”,E,V,e”_’n—p“x”c--nZe-@,isr’- 
S*D/''/C,i”"’n“ye,©, S ,i"YZ_%o» , ,‘f’--f—E,I-„’c 
6-DfPfjfAj-H^[S“,E>e,fi>e-©’Z*H,IZA‘6 

7*D“(EfA/WfA/,f‘/X-[f‘’n-ie,E,V,efCJl/Ef‘/J,i-U“®ZA‘6,i%«B-y4 

9*DfRf% c fbfvfX“y,i—fSSw“I“A*«,I%cd- 3 A,iE’e—^E%c»Ze-@,ISJ”- 
10*Dfxfgfif€-Ef*fRfW<f A ,iv..>f’l,E,V^-a‘e“_,«%ou‘P-u*6 

II- D.fh/C.fJC*--o%6",i/x/g/if€ < E/>/RfW<.f A ,E,V,e”_<A>\^>i“® 
12*Df A /Cf(E/SfA*Efpf</oCE'’ZS'"oOj,i<’’Vt’t’..."”-E,E,V,e-«%<.u’S“-"X-E,i“®‘6 

13- n(K'’Z-a,ESO,- : e<-f r [/C/K,fJ/C/“mRNA,[ in situ /n.fC.fu.f§OCf[-[.fV.ft.f‘-@,K 
•@'@,ae,eQiY-o 

14- Df*[fN*P,E§U,U,e,c/J/Eff...-[/N > i‘I<v«,0,i§0— A 
15*Df}f“fOf”[fu<D-...-a!,E,",-,c’t—co,i*fZY<@”\,i%^-y4 

16- D”M‘NZY-...ZY-1[--,i“u— 1 -,’e 

17- i)-...(Kn/a:/x/<v..z‘(E 1 st,:—()<p”c"-,i, 1 /!,i!,i,sii“i|YbYbS(;—fi-[/ A ,i—p-@ 

18*Df TfgfEfI.fr, I‘*Su', “<£•«,/EfVf±“(e’~*i50~A*y‘f,r5‘*« 

19*D.f§/t/N.fg/E,i“SfEt-R‘i-«*iZi',i“A-«*J%ci 
20*D2%„i“S,E,8E,c*..."iZlZq-aSk,©, S ,i/Gf/(Ef I‘£-i 


CED<t‘- , %cE,E,A,0,A-‘-U”_<jE’ 2 -®<ae- a ,A,f4A*‘-U4i<Z-p,i-‘-U“I j E"L, 5 ,e-A“K%oz-«-j-A(Ea<t - i/V-[/Y,4E,p,A,i4d—v«-ASw 
ZY.fyL fW, o 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-3.html [10/7/2002 10:26:53 PM] 




<t •‘•UfZ 

•‘•tifz 

t •‘•U.fZ 

t •‘•ufz 

t •‘•O.fz 

t •‘•U.fZ 

•‘•ufz 

•‘•UfZ 

t •‘•ufz 

t •‘•ufz 

t •‘•U.fZ 

t •‘•U.fZ 

t •‘•U.fZ 

•‘•UfZ 

0 •‘•U.fZ 

<t •‘•UfZ 

•‘•UfZ 

<t •‘•UfZ 

<t •‘•UfZ 

:<t >f‘”_ZZ 


[”-“W,i,!/ 2 ,B,iSn—A.j.A.s--i-s--<y,NZY< J ESE,i/j-[fY,E‘I,-,e-v(E£-j,i- i —P,E-],A,A-%< ! E,5-]% O i,p,A,0,e-B 






•L“ffl/v/*/W/F/N/g 


•u“i-A‘i“nf»/-/WfK/N/ B -v,'lS.IZn 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-4.html [10/7/2002 10:26:55 PM] 











http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-14/14-4.jpg 


P * 

JIRCAS 


**->■*■ jrns* *3 ^ 



AEJ£* 

Min 



B> agiLiic:SIH«ia*t*t 


mi. havMtiMtffl 


— 5 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-4.jpg [10/7/2002 10:26:57 PM] 








http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-14/14-3.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-3.jpg [10/7/2002 10:26:58 PM] 




SCSOCEn<f@ 


- 1 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-5.html [10/7/2002 10:27:01 PM] 










fCf“fhflfVfA' 1 A’”,ifAf<frfWfA‘e —N’n,E,",0,A«H—tSQ,3''0,«<N,±,ji,A,0,e;fL;f' f$fE‘®'iEurema‘j 


•X— NZ©‘R-UCB<Ea<tfZJ»‘J : ''-[-@f*„/M/<-ES.B.-E/CfS/Af“/g 


•@/A/</o/W/A.i/./b/J/l/ .GPoro«rio«to/ofcoB.rJ o .jJ-(E"l/A/W/A,fcL,-A.0,>,8,A,«,«'V4-^j'~1|fc'^. ,S.A,.,V«-N'n,A,tti(.0/Lf /*/E'®.iE«r e ™.j,|-Si'f,-'a” ^,p.A(E/,p, e .H-tSQ.S-»,«<N,±,p,A,e.i.BSY"-?J,f,±,8,0,A/L/'ft/E.iEte,^.j,Ai,>,S,VS,«/''/C/.r/Lf /*/E(E.f,ta<i,),*,M.K,S,p,A,.,!4.B 

•@»M2£),£,*/C/-/B/l/V/A»W«”,l/X/}/g/%»A/W///»»A/J/§/}/“/ A /",i(Ev,T%<0»S,l/A/./r/W/A'c—N’n,A”-»1,p,A,8,6/L/'/$/E'®,ft ,2 » i ,p,W^,±,6»A/ A /C/*/“/L/' ftfE'AfLf /}/E*A/A/S/ A /L/'/}/E.iE.u/(/u«j/T/§/L/'/t/E»i/T.i«W»j,i,S^/,*”F,8,5,8,W,*»A/A/*/r/W/A'p—N’n.fe/L/'/t/E'®‘S‘i,KEA , l»’V«%fA.p,W,A?,«,l—D*4£f,M,E/ A /C/*/' , /L/'/t/E,A, ,A,«.B 
•@/ A /C/'r/I-r/*/F-.i<EA , i.'M'ME,.'-',p,-.AS£.G.F.,|.-,(i,-.AMS4,fr««A,p.A^i,P. e-N-n S i,'l/A/</r/W/A,'.(j,0S® S.fi-l,8?...o,lJ,C,l'r - fc.A.K-B 

^-^O/l.frt/E.3M/5/ A /IT/*/B/l«iA•B'^^a§r[•S,^/(E/x/<.A-A•^p>/ ,6.A,0J/^TO5/Lf/*/BJ^«J,B,A.H,A.A,±,S, s J/A/</^/W/A,t.H-lSQ•Z,/G,p,AJ^^U,C^»,A,(.R,^,AiB;.9.6.M!.B.±.6.U.A^-v.H^Q•Z,A•p>/l.f/t/E,A^^s.e,A..,^4JA^,*.5.^ES•'•4,6,^.6.k.i,A, .5.0.B 
,0,Vi.|«i,t'i.,.A5m"F,<,S,KM/5/ A A-f«/E,|.A.A.6,0,A/Lr/t/F.,A;w-,i,s,A,«.V4i>(,A..4.‘.A/L/'«/B.*/A/S/ A /L/'/t/B,--.S"[,H”-1|,p,A, e ,6-4,(,6,©^,».B 




OiZ.A'Ifx/l/gfMfa/ifJfbfg.j 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-6.html [10/7/2002 10:27:06 PM] 





14-7' 

MJHfVftf W* 

JIRCAS/ILRI/W/ti ; Cf‘/g-Ei ; **[i : N/Vi ; t/b/vSJ,©,e,e 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-14/14-7.html [10/7/2002 10:27:08 PM] 


J I R C A S /j/...*[/X-@-@.@No 

JIR CA S jfj.f..••[ t fX.@.@.@No.l5»@1998 



^■JIRCAS-kfzZ— ±*SSJ , YZ®'‘T,A-'" 1 ,i"¥ZA,S, 3 ,e,e”_—N'...ZY<Z«p%(ii<c*W—{■i2E%ei’- 


-U»(q)«(a)«(a)ZY 

^*@ -^,j (t ®,« -@JIRCAS-k<zZ— ±*S,iSJ-YZ®“T, a <“-s, 3 ,e,e 

^•@ -‘-U_fVf“f|fWfE.f€ -@ t se5%onJIRCAS- i -U.fV.f‘fl.fW.fE.f 

♦•@MWV2/bfT-@-V4-.10"N“xJIRCAS/IPGRI<D.A-‘.U/"tfN/V/t/b/v 

^•@SCSO^-@/-/Rr/f/</'',E,",-,e-A,t—■ n’E.jE-iZigg— •<Z-p,l(E».6,*%oU‘e 
i%cE -@-E%«>»— )■§■!—p,S,a,A”M‘NfC/l%flE-q t »,i”-<E© 
^■e “A-E.fv.f-f'W.fr/WJ'e -(S.fC.f'fli,A,ilCRISAr l u-l— l' l A.Efyf.fW.fF.fNfeCE°<t 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/jircon15.htm [10/7/2002 10:27:11 PM] 









S a “ 8 CE% 

ED 


I<tZx%4,i'V,yi,E-u<Eii 


M 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/2.htm [10/7/2002 10:27:13 PM] 







JIRCAS-k<zZ—±*S,lSJ*YZ®“T, a <“«s, 3 ,e,e 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/3.htm [10/7/2002 10:27:17 PM] 









‘a35°/oon JI RCAS-‘-U/V/7I/W/E/ 






‘seSr^nJIRCAS-^UfVf^lfWfEfC 

fAfWfA,E;7,e'H-i,i’“‘ *E—.’E>E% c A*H<Z*p 
.|.H—i-a‘e% c a(E%0,I‘*Z0,i“ 1 «l 




/ZfbfV^f‘2«F”M < N,E,V,eZuSnCEa* , *",i , ™‘ •U‘ l H<Z«p 
fZfbfVm“3’EfAf\VfA,E, ,",e*H»iZY<,E,iZA‘6,,EMi(Eu 


•*@Su*@*@SO*@ 1998”N9(EZ9“u*i*.. .*j*ElO“u*i-0*j 

9*@%ci*@ «@ »e»@%oESw<Z»p ’ j (En<f(E5—[»i,A, - ,IZs ’ \%c 2-20-5-j 

Za»@ »@ •(§> • A»@ • ‘ •U”_—-N 1 •.. .ZY<iE(B3<t/Z/“/ A »[»iJIRCAS»j 
f.@.H*i‘*4(Eo<t*S*A”_<iE(En<t/Zf7 A *[*A 
•@*@*@*@*@*@/t*[/h»E/t/H« [f%of *E,A,-,i 

-a,04,f, u »-@JiRCAs-‘-Cr i fVf7i/w/E/ z—±<g 

TEL 0298-38-6348*@FAX 0298-38-6342 
e-mail: sympo@ jircas. affrc .go .jp 
Website:http://ss.jircas.affrc.go.jp/sympo5.htm 


«( 5 > ZYfy«[fW.O 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/3-1.htm [10/7/2002 10:27:18 PM] 






•y 2 —10”N“xJ IRC AS/IPG RI < ° • A 


/••[fN/Vftfbfv 


•V2»-i10”N“xJIRCAS/IPGRI<w»A 



”M‘N-A*" /v a“'Z‘CE 1 ,i , '’a% c -U^<Z«p*\CEa<f,^% c z—p-\ 


/Zi ? bi ? V/tf < l*F’ , a% c -U‘ < |[CEw<t,ES6,-,eSi‘b‘T’mCE© 


i ? Zj ? bj ? V/tf‘2*F’’a% c -U^<Z*p*i*x-E*AZiZqa6,^:*s , ea6*ACEs’/j 

•@ 

i ? Z/b/V/t/“3 , FCE»»Y»i»s’f,i’'’a%c’»U‘ < |[j ? vf»/W/F/N/g,iZA»U 


•@ 

•Su*@*@SO*@1998”N10(EZ20“u*i% o !*j*'23“u*i<a*j 

N*.. ,ZY<Ai(En<t/Z/“/ A «[-{ SU 

-a^«$,i, 1 «8e*@JIRCAS/IPGRI<n.A*‘*U/**[/N/V/i:/b/vZ—+<g 
TEL 0298-38-6384* @ FAX 0298-38-6342 
e-mail:takagiw@jircas.affrc.go.jp 

•@ 

*(5) ZYfY»rfW.O 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/3-2.htm [10/7/2002 10:27:20 PM] 















‘••t/v/./W/F/N/g 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/4.htm [10/7/2002 10:27:25 PM] 























http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/15-4-1 .jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/15-4-1.jpg [10/7/2002 10:27:26 PM] 










http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/15-4-2.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/15-4-2.jpg [10/7/2002 10:27:30 PM] 






http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/15-4-3.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/15-4-3.jpg [10/7/2002 10:27:32 PM] 





http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/15-5.JPG 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/15-5.JPG [10/7/2002 10:27:34 PM] 


•HCEn<@.\/v/-/W/F/N/gCE6SJ/V/“/|/W/E/ 

i(ED<@.\/v/./W/F/N/g(E6SJ/V/“/l/W/E/ 

•@ 

•\SA<«Zh(E/*E/X/g/CE/X%cz“s,i*- , Zq<@ *V\ 

♦ -> -> « 

“uZz»F1998”N8(EZ12“u # i»... # j 
% c i*e*F*‘*U”_—N*.. .ZY<^(EH<t.fZ.f “.f A *[-{ SU 

< n .A.F*‘*U”_—Nv..ZY<^(En<t.fZ.f“.f A *[*A—•% c »Sw(EH<t*S*A* ( |[(En<@.\ 

•*@SJ%cl 

SJ%ci',r¥ZA 

>•(§) ‘ 0-1 < x-y 4 * i JIRC AS *j 
)►"•(§> SL*ACE\“n*i*HCB3<@ *Vj 


••@“A»E>u% c % c 

U*@*A*",i/V/Oi ? i/<“' , B,i’ a Zq*T[*"SwE''a“'Sw“I% c a*fn*A’-FZA*e"e—Y*j 
^■•@Nam-Hai Chua*i/*/b/N/t/F/%o*[‘^Sw*AUSA*j 


U-@fGf7fEf‘fVfOfii-Sf‘fO,/E*1[*"fXfgj-fEfX% c z“s.i-A’-.FZA.raZq.j 

-ffi,©, e Sj,0,i/G/7(E/“/K/X/V/0/i/Sf70 

!>■•(§) Joe Ecker»i/y/“/V/</o/j/A‘aSwAUSA»j 
•A*'7z/</,/“/G/7CE/“,E,as,e / 'a“'Zq”-CE»,i’ 2 *B 

>-@-iZnTG-y4»ii-'/2-HSwH</E<Z»p(Ea4*S*i 
/ A /o/RETHYLENE-INSENSITIVE3/z/,/*/0,i“]ZE"6Zq,2E,p,A,i<@’\ 
>-«@*-i«™T~e»E‘&<'—SZq*i”_< 2 E*f*"Z‘(E 1 (En<t , S*j 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/4-1.htm (1 of 2) [10/7/2002 10:27:36 PM] 








•^CE°<@.\/v/-/W/F/N/gCE6SJ/V/7l/W/E/ 


lli*@ABAi ? Vi ? Oi ? i/Sf70,^:*..JX/gi ? (E/X% c z“sn*A , -FJoe Ecker* A Jerome Giraudat*j 



/V/*/C/k/i/Y/i,E,",",e/A/u/V/W/“Z_fV/0/i/S/“/0,ra“'Sw“I%c8*f 

>*@Jerome Giraudat*iCNRS*A/t/% 0 /“/X*j 

*.. ./X/g/(E/X%cz“s,E,", _ ,e"a“'Zq”-(E»,rE/V/0/i/<“' ’B 

^•@ZA*e~aZq*iJIRCAS*j 

/V/*/C/k/i/Y/i,E,", _ ,e%o-/X/g/CE/X/V/0/i/<“'’B,ra“'Sw“I%c6*f 

>*@Jian-KangZhu*i/A/S/]/i‘&Sw*AUSA*j 

•ceS"*A* ",E, ", _ ,eS£‘$Zz,ra“'Zq”-(E» 

>*@ Dorothea Bartels*i/ }/b/N/X/v/% c /‘‘/N(Ea<t*S*A/h/C/c*j 
/X/g/(E/X%cz“s,yE‘i*«,E,",",eS£‘$—U“±*«~a“'Zq,I-5S„ 

^•@ZA*e'e —Y*i—*%c»SwCB3<t*S*j 

®*@*A%ci 



♦ 4 4 ♦ 


N*. • .ZY<jE(Ea<t/Z/“/ A *[ , @’t“$”e—Y*@Tel:*i0298*j38-6641 Fax:*i0298*j38-6643 
E-mail*Fkazuid@jircas.affrc.go.jp 

—*% c »Sw(Ea<t*S*@zA*rd—Y*@Tel:*i0298*j36-4359Fax:*i0298*j38-9060 

E-mail* Fsinozaki@rtc.riken.go.jp 


.@ zYfvrfw,o 

http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/4-1.htm (2 of 2) [10/7/2002 10:27:36 PM] 







/•/R/7f/</ A .E,7,e-A,i—i’E,/E*iZiSQ—•<Z*p,lCE»*6,/E%oU‘e 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/6.htm [10/7/2002 10:27:38 PM] 










•E%o»—}•§•!—p,6,a,A”M‘N/C/l%oE-q‘*,l”-CE© 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/7.htm [10/7/2002 10:27:42 PM] 













/C/“/h, A ,11C R i S AT“u—{—{“A*E/v/*/W/F/N/gCEn<t 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-15/8.htm [10/7/2002 10:27:44 PM] 









•oe*E'o,IZ6*U*E*\* 2 


•1 ,1 “® ,« 


•E"o, IZ o*U*E*\* 2 


'&• @ 1997”N“x“u-{»a*XSw% c i* 1 /2“c*U 


‘a-i»G”V»iSA<«Z‘(E 1 »”»j *u(Eu,0*a*X‘i,E,"r,e”M*E-...—A‘—,ESO,-,e(Eci<t*v 
•i“u-{»a»XSw%oi»@1997”N10(EZ13“u»j 


ii»@“u-{”M‘N”_<A^Sw%ci*USw*p»U 


“n 5 3 *(®SP*i*K*'‘Z‘(E 1 *”*j •u/T/T/Q,riS£*«,I*]%oi-@,iE(En“*s6-,i<(a)n,ESO,-,e(Ea<f.v 
•i“u-{ ”M‘N”_<iESw%oi'»@1998”N,R(EZ27“u»j 


*§• @ ‘ sel6%cfi“u-{“y»e”i—;,Sw%ci'»§—a*U 


4 a~e—^•->«i%(x<“eZx»S»j •u/}/*%oE-K,i,e,n<y,N“S%oh— {,ESO,-,e”aSri—•Sw“ICEo<f. v 
•i“u-{ “y»e”i—/,Sw%ci'»@ 1998”N,S(EZ,R“u»j 



JIRCAS ftf ...-[fXNo.15 


•§305-8686 ,A,-,IZs‘a,i,nl-2 


•0*W*E”-‘S N‘...ZY<^(Ea<ffZf‘/ A ‘[ 


TEL.0298-38-8686(M*nZ‘—i%cU) 
FAX.0298-38-6656 


1998”N7(EZ ”-*s 


http://ss.jircas.afrc.go.jp 


-UZY.O 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-15/8-1.htm [10/7/2002 10:27:47 PM] 











-U*@.@ZY 

JIRCASfjf... »[fX*@* @ No. 16 *@1998 



>"-@,g,±,©,5, J E,a,E,-(E»,e, 1 /4»-”N, 1 /S J i«B’ 1 ’g,0,5,(i,A,0, 1 /i,^,(«,a,±,^,34,A, 1 /2, a -A-U,i<P,«,ES'“®*B 
•u/i/C/W/F/S/A*.. .“c-iOryza sativa),E,A*A§CSO*M»”«@-o*A*C"e*v 





JIRC AS ,IS'“®*u*j*E“W-] 

4«(g).s,i“®,« 

‘*5% c fUIRCAS*‘*U/VfWW;fE;f€SJ,©,e 

4 *(5) (EdSJfVf“fliWfEf€ 

•u'A^J/VfO/ifSf^O'vSJ,©^ 


’t*‘,E,",“',eSA<««U‘S(E A ”_</t> < |[ZY<Z»p,i«J%t < - t ,/ESJ”- 

^•(d)fAfOf'fpfXfgf%cf< 

Z*‘±(E A,, _-q—OS-i'V/Xfef€,E“K,p,y2‘*’nSC— 


% c —v a ze-@ ,isj”- 

4«(a). M ,o,0(En<t 

fC/I*aSQ,ESO,-,e<n“"(p;n<t«if«fRf“fff<f A fvf*/VVfE/Nfg*.j 


S yt KE%,0 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/jircon16.htm [10/7/2002 10:27:49 PM] 












S 8 “ 8 CE 3 /4 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/1.htm [10/7/2002 10:27:51 PM] 






'ae5% 0 n JI RCAS-‘-U/V/7I/W/E/ 


‘8e5%cfiJIRCAS*‘ , UfV f“f\fWfEf€ 








http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-1672.htm [10/7/2002 10:27:52 PM] 



■HCEn<@*\/v/*/W/F/N/g,lCE6SJ*'*0/V/7|/W/E/ SJ-A, 3 ,e,e 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/3.htm [10/7/2002 10:27:53 PM] 









http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/4.htm [10/7/2002 10:27:55 PM] 
















(10 s h>H) 


http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/4.jpg 


mm m m m # w 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/4.jpg [10/7/2002 10:27:56 PM] 







http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/5-1 .jpg 


JIRCAS 


/ 


/ 







±«iEWfW3f * 

«*tis±sa*s&>i ffluum^mas.aa5sfi 

mmLMmm 

S¥i@± ±«aEiS®E»]ffite 


02. 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/5-1.jpg [10/7/2002 10:27:58 PM] 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/5-2.jpg 





ssfSJtfus 


mr. 


H3. 9 hMft£»nNfiKttBI 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/5-2.jpg [10/7/2002 10:28:00 PM] 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/5-3.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/5-3.jpg [10/7/2002 10:28:02 PM] 



Z*‘±CE A ”_-q—OS-/V/X/e/ .PK.pJ/a'-’nSQ-@,lSJ”- 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/5.htm [10/7/2002 10:28:03 PM] 








<«> mm 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/6-1 .jpg 



Hi. & dHtutifbens (BO) 

&. brizantha (BB) <»$£!$] M CO *§ fttfe 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/6-1.jpg [10/7/2002 10:28:05 PM] 
















http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/6-3.jpg 


0. 1 . B.ciQCumbens3, UB. brizanthaG) Pf® i|£ * 




mspiDtimm 





mthc/BmpQ) 

Bxfecumbens 

28 

3169 

889 

B.bnzantha 

23 

4511 

1057 


^^ti25kg/ha«Pi6JSIffi, 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/6-3.jpg [10/7/2002 10:28:06 PM] 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/6-2.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/6-2.jpg [10/7/2002 10:28:08 PM] 


%o —P*W*T,I—Y a Ze-@,ISJ”- 



http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/6.htm [10/7/2002 10:28:09 PM] 


















http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/7-3.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/7-3.jpg [10/7/2002 10:28:10 PM] 




http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/7-2.jpg 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/7-2.jpg [10/7/2002 10:28:12 PM] 







http://ss.jircas.affrc.go.jP/kanko/JIRCAS_news/1998-16/7-1 .jpg 



m : ±im < Soil SalinityMap! 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/7-1.jpg [10/7/2002 10:28:14 PM] 



























/C/l*aSQ,ESO,-,e<a“"CEn<t , i/ , /R/“/f/ < / A / v / , /W/F/N/g*j 


:<D“-(En<t.i/-/Rr/f/</ A /v/./W/F/N/g.j 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-1677.htm [10/7/2002 10:28:17 PM] 








http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/8-2.jpg 





http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/8-2.jpg [10/7/2002 10:28:18 PM] 



http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/8-3.jpg 



b u =1 ¥11 


http://ss.jircas.affrc.go.jp/kanko/JIRCAS_news/1998-16/8-3.jpg [10/7/2002 10:28:20 PM] 


ISSN 1342-1999 


JIRCAS=ar-Z, 

JAPAN INTERNATIONAL RESEARCH CENTER FOR AGRICULTURAL SCIENCES 

□ □ 


k'i IRCASD njfrtf ofi DO'..2 

so j ircasd pti.o □ t. btki □ □ .3 

[TOCifiQWfl 0 0 0 Jla'Mli .3 

' p ; q d d b □ etd d .tniro □ Mq o □ o b n M \ .4d s 

□ d 0 ap o® u t/Qfgfo ajfu ndbp.i } dfcfi ij < .6 

'QiQ 0 □. D M D O □ 0' D ; 0 ......7 


d mti a at □ trc1 0 g f o tB p d/a popHra o 8 



ad □ □ □ d do o do o o d o o o o o o ob o o d o o a □ □ □ ofytfb ooo □ 

ODDOmOODQ 0 Oryzasativaa Q □ □ 00 D#0 ODD DO 



D D D D D 

DDDDDDDDDDDDD 







J IRCASQ □ □ □ No. 16,1998 


□ □□ 


J IRCASQ □□□□□□□ 

-J IRCASQ QDDDDDDDQDD- 

□□□□□□□ □□□□ 

□ □ □□□□□□□□□□ 



0 □ 100 ICO 1 □□□□□□ JI RCA SQ □ □ □ □ □ 
5D □□□□□□□□□□□□□□ □ □ J IRCASQ □ 

□ □ □ T A RCQ □□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 8.50 □□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□210 □□□□□□□□□□□□□□□□□ 

GrobalQ □ □ LocalQ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□DO□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□ 
J IRCASQ □□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□moooo ■□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
novo□□□□□□□□□□□□□□oooooo 

□□□□□□□□□□□□□□□□□□DD0000 

□ □□ 1V0 □□□□□□□□□□□□□□□□□□ 0 
□□□□□□□ 

□oooooooooooooooooooooo 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ GrobalQ □□□□□□□□□□□□□□ LocalQ 
00 □□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□0 
□□□□□□□□D00D0000000000 
□□□□□□□□□□□□□□□□□□□□□□□0 
□□□□□□□□□□□□□ooooooooooo 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□0 
□□□□□□□□□□□□□□□□□□□□□□□□ 
00 □□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□0 
□OODDOOOOOOOOOOOOOOOOOOO 
□□□□□□□□□□□□□ooooooooooo 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□ □ DJ IRCASQ □□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□0 

□ □ □ □ 

□□□□□□□□□□□□□□□□□on□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□o 
□ □□□□□□□□□ od □□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□o 
□□□□□□□□□ 

00 □ 50 0 0 0 0 0 0 0 0 0 J IRCASQ o o o o 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 


— 2 — 




J IRCASQ □ □ □ No. 16,1998 


□ 5Q J IRCASQ □□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ODD 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□DO 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□ 

J IRCASQ DDDDDDDDDDDDDDDDDQ 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDD 
DDDDDDQ9Q 9QQ10QQQQQQQQQ0 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDD19QDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
D D J IRCASQ DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDD 230QDDDDDDD 


DDDDDDDDDDDDDD 
DDDDD©DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDD©DDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDD21D DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDD®DDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDD21QDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDD 

DDDDDD DDDDD 


□□□□□□□□□□□□□□□□□□□□□□□□□□ 


DDDDDDDDDDDDDDDDDDDDDD8 
D 12D DJ IRCASQ DDDDDDDDDDDDDDD 
DDDDDDDDDDDDDD 200QDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDD D 0 □ J IRCASQ D D D 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDD ChuaQ D D D 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 


DD 3DDDDDD0DDDDDDDD A BAD D D D 
DDDDDDDDDDDDDDDD A BAD D D D D 
DDDDDDDD A BADDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDD 5Q □ 
DDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDD6QDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDD 

DDDDDD DDDDDDDDDD 
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mea-juvjLfh 


□□□□□□□□□□□□□□□□□□□□□□□ 

-□□□□□□□□□□□□□□□□□□□- 


■□□□□□■ 

□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□ 1980Q □ □ □ □ □ 3 0 2,0000 0 □ 

□ □□□□□□□□□ 1990Q □ □ □ □ □ 4 0 5,0000 □ 
DDDDDDDDDDDDD 0 Q19960 0 0 0 0 0 0 0 
50000000000 


□ □□□□□□ 



□!□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ 


DDDDDDDDDDDDDDDDDDDDDDD 

DDDDDDDDDDDDDDDDDDDDDDDO 

□□□□□□□□□□□□□□□ 

□ 10 □□□□□□□ □□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDO 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDD ID 
3,0000 haD D □ D D D 19900 DDDDDDDDDD 
D 2.000D DDNDDDDDDDDDDDDDDDDD 
DDDDDDDDDDD 150kgN/haD D D D D D D D 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□DDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDO 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

DDDDDDDDDDDDDDDDDDDDDDD 


DDDDD □UUDDUDDD 


DDDDDDDDDDDDDDDDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□ 

JIRCASDDDDD 9DDDD 7Q □□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□DDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□DDDDDDDDDD 
□□□□□□□□□□□□□□DDDDDDDDDD 
□□□□□□□□□□□□□□DDDDDDDDDD 
□ □□ 

■DDDDD ■ 

□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□DDDDD 

ID□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□DDDDDDDDDD 
2DD □□□□□□□□□□□□□□□□□□ 

3D □□□□□□□□□□ 

4D □□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□ □□□□□□□□□□□□□DDDDDDDDDD 
□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□□□□□□□□□□□□DDDDDDDDDD 

□□□DDDDDDDDDDDDDDDDDDDD 

■DDDDDDDDDDD ■ 

□ □ □ □ □ □ DJIRCASD □□□□ 2Q □□□□□□ 
□□□□□□□□□□□□□□DDDDDDDDDD 
□□□□□□□□□□□□□□DDDDDDDDDD 

□ □□DDDDDDDDDD 2m 
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□ 20 □□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□3m 



□ 10 0000000 —□ 00000000000 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ am 

□ 2D□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□a 
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DDDDOODDDDDDDDDDDDDODDDD 
DODDDOODDDODODD 

D 4Ddddddddddddddddddddd 

DDDDDDDDDDDDDDDDDDDDDDDD 

□□□□□□□□a 


□□□□□□□□□□□□□□□□□□□□□□□□ 

DDQDD 

1D0000DD0D000D00D0D0D00D 

□□□□□□□ 

1-1 DDDDDDDDDDDDDDDDD 

1- 2 DDDDDDDDDDDDDDDDDDDD 

□□□□□□□□DO 

2DDDDDDDDDDD0DDDDDDDDDDD 

DDDO 

2 - 1 □□□□□□□□□□□□□□□□□□□□ 

□ □□□□ 

2- 2 DDDDDDDDDDDDDDDDDDDD 

□□□□□□DO 

3D □□□□□□□□□□□□□□□□□□□□ 

3- 1 DDDDDDDDD 

3- 2 □□□□□□□□□□ 

400000000000000000000000 
D D D D 

4- 1 D ID D D 

4- 2 Q20DD 

5DDDDDDDDDDDDDDDDDDD 

5- 1 DDDDDDDDDDDDDDDDDDDD 

□ □□ 

5-2 □□□□□□□□□□□□□□ 

□ 30 0000000 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□DDDDDOOOODDDOODDDDDDO 
□□□□□□□□□□□□□□□□□□□□□□ 

□ DDDDDDD 9DDDDDD10D 2D D D 
JIRCASD DDDDDDDDDDDDD 8DDDDD 
□ □□ 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 IDO 



□ □ !□□!□□□□□□□□□□□ 


□ DDDDDD11D 3DDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDODDDD 
DOOOODDOOODOODDDOODDOOOD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDD 
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□□□□□□□□□□□□□□□□□□□□□□□ 


□ □□□□□ 19700 □ □ BrachiariaD □□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDO®ODDDDDDDDDDD 
DDDDDDDDDDDDDD@DDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□ 
no oooooooooooooooooo 

□ □□□□□□□□□□□□□□ Brachiaria 
decumbensQ □□□□□□□□□□□ Brachiaria 
brizanthaQ Panicum maximumO □□□□□□□0 
□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□ 

□ □□□□□□□□ Brachiaria decumbensD □ Q 
BDQ □ Brachiaria brizanthaQ Q Q BBQ Q Q Q Q NQ 

P 2 O 5 O K 2 OQ 0 0 0 0 haQ 0 0 lOOkgQ □□□□□□ 
□□□8DDDDDDDDDDDD0DNDDDDP 
0 0 0 0 KO 0 0 0 PKQ 0 NKQ 0 NPQ 0 NPKQ Q 
DDODDD3DDDDDD0DDDDDDDDDD 
DODODDODOPODODODOODODODO 

□ □□ODD 0 0 0 BDQ BBQ 0 NQ o 0 0 0 

□ □□□□BDQ BBQ □□□KO D00000000 

□□□□□□□□□□□a 



Ob N P K PK NK NP NPK 


□ !□□□□□□□□□□□ B.decumbensU BDQ □ □ 

B.brizanthaU BBQ □□□□□□□□ 

□ □□□□□□□□□□a n-p-kq □ 100a □ □ m 

DDODDPODDDODDDDDDDDDBDOBB 

□ PD □ □ □ □ 0 0 □ □ □ □ 1DD PD D D D D BDQ 
BBO 0 0 0 0 0 BDQ BBQ 0 0 PQ 0 0 0 0 0 0 0 0 


00000 DU □ 

□ □ □ B.decumbensU □ B.brizanthaU PD □ □ □ □ □ □ 

□ □ ?□□□□□ □ □ PQ □ □ □ □ PQ □ □ □ 

□ □ □ Pga □ □ PgQ □ □ □ gp □ □ Pgp □ □ □ gD □ □ PgD 

B.decumbens 28 3159 889 

B.brizantha 23 4511 1057 

□ □□□ 25kgn haQ PO □ □ □ 

n pq d □ a n *£1 pq ao up toon x q a n paw in n 
DDDDDDDDDDDDDDDDDDDPDDDO 

DDDDDDPlgDDDDDDDDDDDDDDBB 

D BDQ 0 0 0 0 0 BBQ BDQ 0 0 0 0 0 0 0 PQ 0 0 
DDDDDDDDDDDDDDDDDDDDDDDD 
PDDOODDDPDDDDDDDDDDPDDDDO 
BBQ DDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
D D D D D BDQ DDBBODDDDDDDDDDDDD 
DDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDODDDDDD Brachiaria 
decumbensD Brachiaria brizanthaD D Panicum 
maxi mumO DDDDDDDDDDDDDDDDDDD 
BBO DDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 

DDDDDDDD BBQ 0000000000000 

D D D 

HD DDDDDDDDDDDDDDDDDDD 
DDDDDDDDD BrachiariaD DDDDDDDD 
DDDDDDDDDDDDDDDDDODDDD 
BrachiariaD DDDDDDDD Panicum maximum 
DDDDDDDDDDDDDDDDDDDDD IDO 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDD 
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□ □ □ □ 

□ □□□□□□□a 24%a □□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□DODD 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□□□□□□□□□□□□□□□□ 

DDDDDDDDDDDDDOODDDDDDDDD 

□□□□□□□□□□□□□□□□□□□□□□□□ 

DDDDDDDDDDDDDDDDDDDDDDDD 

□□□□□□□□□□□□□□□□□□□□□□□□ 

D D □ JI RCA SO DDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDD 
DDDOODDDDDDDDDDO 


3D D □□□□□□□□ 0 □ □ 

JIRCASD DDDDDDDDDDDDDDDDDD 
□ □□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDOO D D JIRCASD D D D 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

D D JIRCASD DDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDD DDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDOOOOOOOOO 
□□□□□□□DO 

4D D D 100_ □ 0 0 0 0 0 □ 

JIRCASD DDDDDDDDDDDDDDDDDD 
□□□□□□□□□□DOOOOOOOOOOOOD 
□DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□DDDDDDDDDDDDDDDDD 
DDDDDDDD D D JIRCASD DDDDDDDDD 
□□□□□□□DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDD 
□DDDDDDDDD 


— 2 — 




J IRCASQ □ □ □ No. 17,1998 


□ □ J IRCASQ DDDDDDDDDDDDQ 

□ □ 10D □ □ J IRCASQ □□□□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□Jl RCA so □□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ HQ 180 0 00 0 0 
J IRCASQ DDDDDDDDDDDDDDDDDDO 
DDDDDDDDDD 

□ 0 J IRCASQ Q7Q 0000000000000 

□ □□□□□□□□□□□□□□□□ DDDD0000 
®0 0000000000000000000000 
0000000000000 @0 0000000 @0 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□000000000000®00000000 


□□□□□□□□□©□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□©□□□□□ 

□□□□□□□□□□□□□©□□□□□□□□□□ 

□□□□□□□□□ 

□ □□□□□□□□ □ 0 J IRCASQ □©□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□®0□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□©□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
000000 ©□□□□□□□□□□□□□□□□□ 
00000000000000 ©□□□□□□□□□ 
000000000000000000000000 
000000000 ©□□□□□□□□□□□□□3 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
00000 □□00000 00000 


J IRCASQ IPGRIQ Q 00000000000000 

□□□□□□□□□□□□□□□ 


00000000000000000000000 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ 

□ □□□□□□□ □ JIRCASD □□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
000000000000000000000000 


00000000000000000 0 0 JIRCASD 
000000000000000000000000 
000000000000000000000000 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ 100 200 0 230 0 J IRCASQ □□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□ IPGRI,CIAT,CIP,IITA, INIBAPQ 

□ □□□□□□□□□□□□ 290 0 □ □ 0 1000 0 □ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□ 

□□□□□□ □□□□□□□ □□□□□ 
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■□□□□□□□□□□□□□□□□a 

-□□□□□□□□□□□□□□□□□- 

□□□□□ □□□□□□□ □□□□ 


□ IRCASQ Q Q Q Q 

□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□21Q □□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□ 

JIRCASn □□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□1QQD3QQQQQQQQDQQQQD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□a □ jiRCAsn □ □ □ □ □ 
□□□□□^□□□□□□□□□□□□□□□□o 
□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□ □ jiRCAsn □□□□□□□□□□□ 
□□□□□□□□□□□□□"□□□"□"□□□" 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□“ □□"□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 
□ West Africa Rice Development Association: 
WARDAQ □□□□□□□□□□□□□□□□□□□ 



□ □ □ J IRCASQ □QQQQQQQQQQQQQQQ 


□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ 10Q 4QQ5QQQQQQQQQQQQQ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ 2n □□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□a wardaq □ Moun □ □ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□□□□□□□□□□□□0 

□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□€□□□□□ 
412Q □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□ n3onoa3DQDOQoooooooooooa 
i97on □□□□□□□□□ 6onnoooooooo 

□ □ 90Q □□□□□□□□ 280Q □□□□□□□ F AO 

□ □□□□□□□ 2000Q Q □ 400Q Q Q Q 800Q USD 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□ 

WARDAQ □□□□□□□□□□□□□□□□□ 
WARDAQ □□□□□□□□□□□□□□□□□ 

□ □ 0 1970Q □□□□□□□□□□□□□□□□□□ 

□ □□□□□□f a on □□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□ 
S □□□□□□□□□□□□□□□□□□□□□ 
. □□□□□□□□□□□□□□□□□□□□□ 
f □□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ 1986Q □ □ □ 
£ □□□□□□□□□□□□□ CGIARn □□□ □ 

£ □ □ □ 1988Q □□□□□□□□□□□□□□□ 

* □□□□□□□□□ 

WARDAQ □□□□□□□□□□□□□□□ 

Jr □□□□□□□□□□□□□□□□□□□□□ 

t □□□□□□□□□□□□□□□□ WARDAQ 

£ □□□□□□ 17D □□□□□□□□□□□□□ 

* □□□□□□□□□□□□ WARDAQ Q 0 □ □ 

□□□□□□□□□□□□□□□□□□□□ 
WARDAQ □□□□□□□□□□□□□□□ 
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□ □!□□□□□□□□□□□□□□□□□□□□□□□ 


□ □□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 
Oryza glaberrima Steud.O □□□□□□□□ Oryza 
sativa L.n □□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□ RYMVDD □□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

WARDAO □□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 
f in□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

WARDAQ □□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□ 19970 100DDDDDDD 


□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 
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nnnnnnnnnnnnnnDDnnnnnnnnnnnnnnnnnnnnD 
□□□□□nnnnn 

□□□□□□□□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnDnnnnnnnnnnnnnnnnnnnnnD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ □□□□□□□□□ 
□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ □□□□□□□ 
nnnannnnnnnnnnnan 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□nnnnnnnnnnncnn nnnnnnnnnnnDD 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□a □□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□nnnnnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□□□ 

□□□□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnDnnnnnnnnnnnnnnnnnnnnnD 
□ □ □ □ 
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□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□ □□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□ □ 
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□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

□ □ □ □ □ 

□□□□□□□□□□□□□ 
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□□□□□nnnnnnnnnnDnnnnnnnnnnnnnnn 
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□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ □ □ 

n n □ □ nnnnnnnnnnnnnnnnnannnnnannnnnnnnn 
□□□□□□nnnnnnnnnn 
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□ □□□□□□□ 
□□□□□□□ 

n □ □ □ □ □ 
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□ □□□□□ 

□ □□□□□ 

□ □ □ □ □ 
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□ □ □ □ □ □ 

□ □□□□□ 

□ □ D □ 
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□ 

n □ □ □ □ □ 
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□ □□□□□ 

□ □□□□□ 

□ D □ □ □ □ 
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□ □□□□□ 

□ □□□□□ 

□ □□□□□ 
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□ □ 

n □ □ □ □ □ 

□ □□□□□ 

□ □□□□□ 

□ □□□□□ 

□ □□□□□ 
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□ □□□□□ 
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00000000000000 
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0 0 0 0 0 0 0 0 0 5,200 □ o 0 
000000 10000 HOD 

0 0 0 0 0 0 


□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□ 


□ □ □ □ □ 


□□□□□□□□□□□□□□□□□□□□□ □ 

(□□□□□□□□□□□□□□□□□□□□□□□□) 


(□□□□□□□□□□□□□□□□□□□□□□□) 


□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 


nnnnnnnnnnnn _ 

DOODODDODDDDODDDDODDDOOODDDODOODODDODDDDDDDOODDDOODDD 


□ □□□□□□□□□□□ n n n n n n n n n n n m 

oonnoooononooooononononooonononononooooononnno 


u uuuuuuuuuuuuuuuuuu 


D D D D D D D D_ 

□ □□□□□□□□□□□ 


□ □□□□□□□□□□a on□□□□□□ 
□□□□□□□ □□□□□□ 

□□□□□□□□ □□□□□□ 

_ □ □ □ □ _ 



□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□ ooo□ooo □ □ □ □ □ 
□□□□ ooooo 
□□□□□□□□□□□□□□□a 


p pig gcDDODUDDagaa 





□ □□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ □ 

□□□□□□□□□□]□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 
□ □□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□a □□□ □□□□□□□□□□□□□□□□ 
□ □ □ □ 
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□□□□□□□□□□□□□ 



□ □ □ □ 


□ □ □ □□□OOOD□□□□□□□□□□□□□□□□□□□□□□□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□OOOD DDDDDDDDDDDDDDDDD 
D DDDDDDDDDDD 















□□□□□□□□□□□□□ 


□ □ □ □ 

□ □ □ □ 


□ □ 
□ 


□ □ □ □ □ 

□ □ □ □ □ □ 


□ □□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□a 


□ 


□ □□□□□□□□□□□□□□□ 

□ □□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □□□□□□□ 


□ □□□□□□□□ 

□ □ □ □ 

□ □ □ □ □ 
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□□□□□□□□□□□□□ 


□ □ □ □ 

□ □ □ □ 


□ □ 
□ 


□ □ □ □ □ 

□ □ □ □ □ □ 


□ □□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□ 


□ 


□ □□□□□□□□□□□□□□□ 


□ □□□□□□□□ 


□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □□□□□□□ 


□ □□□□□□□□ 

□ □ □ □ 

□ □ □ □ □ 
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□□□□□□□□□□□□□ 


□ □ □ 


□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ □ 

□ □□□□□ 

□ □□□□□ 

□□□□□□□ 


□ 


□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□ 

□ □□□□□□□□□□□□□ 

□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□□□ 


□ □ □ □ □ 



□□□□□□□□□□□□□□□□ 


□□□□□□□□□□a 


□ □ 
□ 


□□□□□□□ □ 


□ □□□□□ 

□□□□□□□□□□□□□□□a oooo □ 


□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□a 

□ 


□ □□□□□□□□□□□ 


□ □□□□□□□□□□□□□ 


□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□a 

□ □□□□□□□□□ 

□ □□□□□□□□□□a D D D D D D D D D D D D D D D D 


□□□□□□□□□□a 

□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 
□□□□□□□□a 
□ □□□□□ □ 






□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

* □□□□□□□□□□□□on□□□□□□ 

□ □□□□□ 

□ □□□□□ 

□ □ □ □ 

* □□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□a □□□□□□□□□□ □□□□ 

□□□□ □□□□□□□ 


□ □ □ □ □ 




□□□□□□□□□□□□□□□□ 


□□□□□□ 

□ □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□ (!)□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ (2)Q □□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ 

( 1 ) □□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ 

□ □□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ -» □□□□□□□ -»□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □!□□□□□□□ "» □□□□□□□□□ -» □□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□ 

□ □□□□□□□□□□a □ □□□□□□□□□□□□□□□ =□□□□□ 

-» □□□□□□ 

(2) □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□a 
□ □□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□a 
□ □□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 



□□□□□□□□□□□□□□□□ 

□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□a 

□□□□□□□ □ 

□□□□□□ 

□□□□□□□□□□□□□□□a oooo □ 

□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 


□ 


□ □□□□□□□□□□□□□□ 


□ □□□□□□□□ 


□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□ □□□□□□□□□□□ 

□ □ □ □ □ 


- 10 - 



□□□□□□□□□□□□□□□□ 


□ 


□ 


□ 


□ □ 

□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ □ 

□ □□□□□ 

□ □□□□□ 

□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□ 

□ □□□□□□□□□□□□□□□ 

□ D D 
u □ □ □ □ 

□ □□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□ OP □□□□□□□□□ _, 


D D D D D D D 

D D D D 

D D D D D 



D 

®D D 

©P P P D 

D 

®D D 

©ODD D 

D 

® D D 

©DPP P 


D DDDDDDDDDDD 


D DDDDDDDDDDDDD r D 

^P 


P P P P P P P 


P P P P P 

_D_ 

PPPPPPPPPP OOP 



* □□□□□□□□□□□□on□□□□□□ 

□ □□□□□ 

□ □□□□□ 

□ □ □ □ 

* □□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□ □□□□□□□□□□ □□□□ 

□□□□□ □□□□□□□ 







□□□□□□□□□□□□□□□□□ 


□ □ □ □ □ 


□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ □ 

□ □□□□□ 

□ □□□□□ 

□□□□□□□ 

□□□□□□□□□□□□□□ □ □ □□□□ □□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

o □□□□□□□ 


□□□□□□□ 


□ □ □ □ □ 

_u_ 

□□□□□□□□□□ooo 



* □□□□□□□□□□□□on□□□□□□ 

□ □□□□□ 

□ □□□□□ 

□ □ □ □ 

* □□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□ □□□□□□□□□□ □□□□ 

□□□□□□ □□□□□□□ 


□ □ □ □ □ 


- 12 - 




□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□□□□ 

□□□□□□□ □ 

□□□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□ 

□ 

□ □□□□□□□□□□□□□□□ 

□ □□□□□□ 


□ □ □ □ □ □ 


□ □ □ □ □ 


- 13 - 



□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ □ 

□□□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ 

□ 

□ □□□□□□□□□□□□□□□ 


□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □□□□□□□□□ 

□ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□ 

□ □ □ ) 


□ □ □ □ □ 


- 14 - 



□□□□□□□□□□□□□□□□□ 


□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□a 

□□□□□□□□□□□□□□□a 

□ □□□□□ 

□□□□□□□□□□□□□□□a oooo □ 

□□□□□□□□a □□□□ □ □ □□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ 

□ □□□□□□□□□□□□□ 

□ □□□□□□□□□□□ 


□ □□□□□□□□ 


□ □ □ □ □ 


□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□a 


- 15 - 



□□□□□□□□□□□□□□ 


□ □ □ □ □ 


□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ □ 

□ □□□□□ 

□ □□□□□ 

□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 


□ □□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□ □ 
□ □□□□□□□□□□□ 


□ □□□□□□□□□□□□ 

® □□□□□□□□□□□□□□□□□□□□□□□□□□□on□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

© □ □ □ 


□□□®o□©□□□□□□on□□□□□□□□□ 

®ooo 000000000000000000000000000000000000 
©ooo□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
0000000000 


- 16 - 



□□□□□□□□□□□□□□ 

□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ □ 

□□□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□ 

□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□ 


- 17 - 



□□□□□□□□□□□□□□ 

□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ □ 

□□□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 

□ □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ 


□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□ 


- 18 - 



□□□□□□□□□□□□□□□□□ 


□ □ □ □ □ 


□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ □ 

□ □□□□□ 

□ □□□□□ 

□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 


□ 


□ □□□□□□□□□□□□□□□□ 


□ □□□□□□□□□□□□□□□□ 

□□ □ □ □□□ □ □ 

□ □□□□□□□□□□ 


□ □□□□□□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 


□ □□□□□□ 


JL □□□□□□□□□□ OOO 


□ □ □ □ □ 


* □□□□□□□□□□□□on□□□□□□ 

□ □□□□□ 

□ □□□□□ 

□ □ □ □ 

* □□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ OOO□OOO□ □□□□ 

□□□□ ooooo 


- 19 - 













□□□□□□□□ 

□□□□□□□□ 

on oon n oo 

































□□□□□□□□□□□□□□□□□ 

□ □ □ 

□ □ □ □ □ □ 

□ □ □ □ □ 

□□□□□□□ □ 

□□□□□□ 

□□□□□□□□□□□□□□□□ oooo □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 22 - 




□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 




□□□□□□□□□□a 


□□□□□□□ □ 


□□□□□□ 

□□□□□□□□□□□□□□□□a oooo □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□a 


□ □□□□□□□□□□□□□□□ 


□ □□□□□□□□□□□□□ 


□ □ □ □ □ □ 

□□□□□□□□□a 
□ □□□□ 

□ □ □ □ □ □ 

□□□□□□□a 

□□□□□□□□□□a 

□ □□□□□□□□ 

□□ □ □ □□□□ 

□ □ □ □ 

□ 


□ □ □ □ □ 
□ 


□ □ m □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 







































□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 3 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□ 

( 4 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □□□ 

® □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□ 

© □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

( 5 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□[□□ 
□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

- 2 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□ 

( 1 ) □□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□a 

( 3 ) □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□a 

(4) □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□(□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

- 3 - 



□ □ 

( 1 ) □□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 3 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 4 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

- 4 - 



□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□ 


□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ □ 


□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□a 

□ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 

(!)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□a 

(2) □□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□(!)□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

(3) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□a 


- 5 - 




□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□ 

( 1 ) □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

( 2 ) □□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 3 ) □□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 4 ) □□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 

( 1 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□ 

- 6 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 


- 7 - 







































































(3) □□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

(1) □ □□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□a 

(2) D □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

(3) D □□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ 

(!)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□a 

( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□a 


- ii - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
( 1 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 1 ) □□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

- 12 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□©□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□©□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□a 


- 13 - 



□ □□□□□□□□□□□ 


□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□ 

( 1 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 2 ) □□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

- 14 - 




□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 3 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 4 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 
(!)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 


- 15 - 



( 2 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

( 3 ) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□ 


- 16 - 



□ □□□□□□□□□□□□□□□□□□□□□ 


□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ 


□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□ □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□ 


- 17 - 




□ □□□□□□□□□□□□□□□□□□□□ 


□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 

□□□□□□□□□□□□□□□□□□□ 

® □□□□□□□□□□□□□□□□□□□ 

© □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

© □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□ 

© □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

© □□□□□□□□□□□□□□□□□□□ 

© □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

- 18 - 




□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ 

□□□□□□□□ 

□ □□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 


- 19 - 



•X*V“u*F2002.10.1 


•i*n(E6SJ-@“™,ESi,A,-’n<Y*i*n 


. §«s«—(5H’E‘¥-(a) 

• <iE-±«u-(a)»‘ ( html ) 

. «‘»U” —N»...ZY<^(Ea<ffZf‘f A »r-(a) 

. ‘g*D,ESO,-,e<K’o 

. ‘g*D*l 

• -5"o(Eo—5*‘ 

. -5"5«— A <K’o 
. -5"5‘P»EZe“-<K’o 

• *E^o«— A <K’o 

• Z— 

. ’f Su-U»W ( html ) 

• ’fSu(Ev%oae ( html ) 

. » 1 Z»-<14”N“x”N“xCEv%oae ( html ) 


http://ss.jircas.affrc.go.jp/johokokai/joho22.html (1 of 2) [10/7/2002 10:36:02 PM] 




















•T*nCE6SJ-@“™,ESi,A,-’n<Y*T«n 


. SAZ-SAv ,rO(E© 

. <I-±ZzSO<K o 

. -{»E%oU’-«a» 2 <%o"E»aJ»E"o<Y,NZw’e»E"E»a,I*E"oJ’TI 


. <.u”_—Nr ..ZY<M(Ea< ffZf “f A '[ 


http://ss.jircas.affrc.go.jp/johokokai/joho22.html (2 of 2) [10/7/2002 10:36:02 PM] 






□ □□□□□□□□ 


□□□□□□□□□□□□ 

nnnnnnnnnn 


□ □ 

□ □□ n n 

nnn □□□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□ 
nnn nnnnnnnnnnnnn 
nnn nnnnnnnnnnnnnnnnn 
nnn n n n n 

nnn nnnnnnnnnnnnn 
nnn nnnnnnnnnnnnnnnn 
nnn nnnnnnnnnnnnnnnnn 
nnn n n n n 

nnn nnnnnnnnnnnnnnnnnnn 
nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnn nnnnnnnnnnnnn 
nnn nnnnnnnnnnnnn 
n n 


nnn nn 
nnn n n 
nnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnn 

nnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


- 1 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnDnnDnnnnnnDDnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□a 

□ □□□ 

nnn □□□□□□□□□□□□□□□□□□□□ 

□ □□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□ 

□□□ □□□□□□□□□□□□□□ 

□ □□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnDDDDDDDDnnnnnnnnnDnDnD 

□ □□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□nn □□□□□□□□□□ [jsn 

□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ 

n n n n n □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 

□□□ □□□□□□□□□□□ 


- 2 - 



□□□□□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ Q 0: □ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□ □□ 

□ □□□□on 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ ftp □□□□□□□ 

□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n n n n □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□II □□□□□□□□□□□□□□□ 

n n n n n □ □ 

□□DD □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□□□ 

□ □□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

- 3 - 



□□□□□□□□□□□□□ 


□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□on ij] □□□□□□□□ 

□ □□□□□□ 

nnnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□ 

n □nnDnnnnnnnnnnDnnnnnnnnDDnnnnnnnnDDnn 
□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□ ijti □□□□□□□ 

□ □□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

n □□□□□□□□□□□□□□□□ 

□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□]□□□□□□□□□□ 
□ □□□□ 

uuuuuuu 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnDDDnDnDDnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnmnnnnnnDDnnnnnnDDnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□Dnnnnnnnnnn 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 4 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□ □□□□□□□dip □□□□□□□□ □□□□□□□□ 

□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□ 

□ □□ □□ 

□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ 

□ □ □ □ DnnDDnnnnnnnnnnnnnnnDDnnnnnDDnDDDn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□St□□□□□□□dnaoooooomDooDo 

□ □□□DnnDnnnnnnnnnnnnnnnnDDnnDnnnnnDDnn 

□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ 

□□□ □□□□□ 

□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□[□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□CD 

□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□n□□□□□□□□□□□□□□□□□ 

- 5 - 



□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□nnnnnnnnnnnnnnnnnnnnnnDDnDnnnnnnnnnn 

□□□□□□□□ 

□ □□□□□□□□□□□□□nnmnnnnnnnnnn 
□□□□□□□□□□□a 

nnnnnnDDDnDnDDDDnnnnnnnnnDnDnDnDD 

□□□□□□□□a 

□□□□□□□□□□□□□□nnnnnnnnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□ 

n □nnDnnnnnnnnnDDnnnnnnnnDDnnnnnnnnDDnn 
□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnDnnnnnnnnnnnnnnnnDnDnnnnnnnDnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnmDDnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ cr □□□□□□□□□ 

n □nnDDnnnnnnnnnannnnnnnnDDnnnnnnDnDDDn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnDnnnnnnnnnnnnnmnnDDnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDnnnnnnnnnnnnnnnnnnnnnnDDnDnnnnDnnann 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 6 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

nnnnnnnnnnnnnnnnnnnn 
□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

n n n n n n n n n n n n n tin n 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□a 

□ □□DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnn □□□□□□ 

□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnn 

n n n n n n n 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnannnnnnnnnn 
nnnnnnnnnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


- 7 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

nmnnnnnnnnnnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnDDDDDDDDnnnnnnnn 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDnnnnnnDnnnnnnnnnnnnnnnDDDDnnnnDnDDnn 
□DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□ 

dddddddddd 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ 

nnnn □□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 

nnnn dddddddddddddddddddddddddddddddddd 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

dddddddddddddddddddddddddddddddddddddd 

DDDDDDDDDDDDDDDDDDDDDDDD 

DDDDDDDDDD 

nnnn dddddddddddddddddddddddddddddddddd 

DDDDDDDDDDDDDDDDDDDDDDDDDDDD 

DDDDDDDDDD 

dddd nnnnDnnnnnDDnnnnnnnnDDnnnnnnDDDDnn 
DDDDDDDDDDDD 

nnnnDDDDDDDDDDnnnnnnnnnnn 

DDDDDDDDDDDDDDDDDDDDDDDDDDD 

nnnnnnDDDDDDDDDDnnnnnnnnnDDDDDDDDnnn 

DDDDDDDDDDD 

DDDD DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDnnnnnnDnnnnnnnnnnnnnnnDDDDnnnnDnDDnn 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDD 

D DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDnnnnnnDnnnnnnnnnnnnnnnDDDDnnnnDnDDnn 
DDDDDDDDDDDDDDD 

n DnnDDnnDnnnnnDDnnnnnnnnDDnnnnnnDDDDnn 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□QQ□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □anno □ 

□□□nnnnnnDnnnnnnnnnnnnnDnnnnDnnnnnnnnnn 
□ □□□□□□□]□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□DDDonnnnnnnDDDDD 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□DnnnnnnnnnnnnDDDDDnnnnn 



nnnnnnnnnn 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□ 

□□□ □□□□□□□□ 

□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnm 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□DDDDDDDDD 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□ 36 □□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnn 

□ □□□□□□ 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


- 10 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□ 

□ □□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□DDnnnnnnnnnnnDDDDDDDnnnnn 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□;□□□□□□□□□□□□□□□□ 

uuuuuuuuuu 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□ 

□□□□□□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□nnnnnnnnnDDnnnnnnDnnann 

□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

DODmOOOOOOQODQDQQOODOOOOOOODOOOOODQOO 

□□□□□□□□□□□□□nnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnDDDDDDnnnnnnnnn 
□ □□□□□□□.□□ □□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

nnnnnnnDDDDDnDDnnnnnnnnnnDD 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□nnDnnDDnnnnnnnnnDnnnnnDnnnnnnnDnnann 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 11 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnDDnnnnnnnnDDnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

nnnnnDDDDDDDDDnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnDDDDnnnnDnDann 
□□□□□□□□□□□□□□]□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnDDnDnnnnnnDDnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□mnDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□■D □□□□□□□□□□□□□□□□ 

□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnDnnnnnnnnnnnnnnnDnnDnnnnDnnann 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□ 


- 12 - 



□□□ □□□□□□□□□□□□□□□□□ 


□□□□□□□□□ 

□ n □ □ nnnnnnnnnnnnDDnnnnnnnnnnnnnnDDnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□annnnnn 

□ □□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□]□□□□□□□□□ 
□ □□□□□ 

□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□a 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□DDDnnnnnnnnnnnDDDDDDnnnn 

n n □ □ □ 

□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnDDnDnnnnnnnDnn 
□□□□□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

n □□□□□nnnnnnnnDDnnnnnnnnDDnnnnnnnnnDnn 
□ □□□□□ 

□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnnDnDnnnnnnDDnn 

D D D 

n □□□□□nnDnnnnnDDnnnnnnnnDDnnnnnnnnDDnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□ □□□ 

nnnn □□□□□□□□□□□□□□□□□□□□□□□□ 


- 13 - 



□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □ 

□ □□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 14 - 



□□□□□□□□□ 

□□□□□□□□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ 


- 15 - 



□□□□□□□□□□□□□□□□□□□□□□□□ 


□ □ 

□□□ 

□ □□ □□□□□□□□□□□□-□ 12Q □ 

□ □□ □□□□□□□□□ 13Q-D 140 □ 

□ □□ □□□□□□□□□□□□□□□□□□□□ 15D-D17DD 

□ □□ □ □ □ □ 18Q — □ 19Q □ 

□ □ 


□ □□ □□ 

□ □ □ □ 

□ □ □ □□□□□□□□□□□□□□□□□□□□□ !!□□□□ 1Q30 □ □ 2 

□ □□□□□□□nnDDDnni3DDnnnnDD47D □□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ !!□□□□ 197 

n □□□□□□□□□ m iiioa □□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnn 

□□□□□□□□□□□□ 

□□□ □□□□DnnnnnDDnDDnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□DDD 

□□□ □□□□□□□□ 

□ □□□□□ 

□□□ □□□□□□□□ 

□ □ Q D □ □ Q D Q 1 tJQ P □ □ □ □ Q D □ 

Dannnnnnnnnnn 
□□□ □□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 1 - 



□□□□□□□□□□□□□□□□□□□□□ 


□ □□□□□□ 

□ □□ □□□□□□□□ 10Q □□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□0 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□nnnnnnnnnnnnnnnnn 

□□□□□□□□□□□□□□ 

□ □ □ □□□□□□□ 

□□□□nnnnnnnDnnnnnnnnnnnnnnnnnnDnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□ □□□□a 

□ □ □ □□DnnnnnnnnnnnnnnDDnDnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnDDnnnnnnnnDDnnnmDnn 
□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ Ho □ □ □ 0.0 □□□□□□ 

□□□□□□□□□□□ 

□ □□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□nnnnnnnDDnnnnnnnnnnnnnnnnnDDnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 2 - 



□ □□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□ 

□ ICO □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 

nnnDnDnnnnnnDnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□nnnnnnnnnnnnDDnnnn 

□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 

□□□□□□□□□□a 
□ □□□□□□ 

□ HQ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ D □ □ □ 

□□□□□□□□□□□□□□□□□□□ 

□ HD □□□□'□ □□□□□□□non tinn □□□□□□ 

□□□□nnnnnnnnnDnnDDnnDDnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnn 

□ □□□□□□ 

□ 12Q □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

nnn □□□□□□□ 

□ □□□□□□ 

□ 13Q □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□!(£]□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□ 


- 3 - 



□ □□□□□ 

D 140 □ □□□□□□□□□□□□□□ I ;□□□□□□□□□□□□□□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□ 

0.0 □□□□□□□□ 

□□□□□□tt®□□D0D□0□ 
nnDDnDnnnDnnDnnnnDnnnnnnnnD 
□□□□□□□□□□□□□□□□□□□□□□ 
□□□□nnnnnnnnnnnnDDnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnn 
□□□□□□□□□□a 

nnn □□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

□ 15D □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□nnnnnnnDDnnnnnnnnnnnnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□a 

nnnnnnnnnDnnDnnnnnnnnDnnnnnnnnnnnnn 
nti'D □□□□□□□□ G 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

nnDDnDnnnDnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 160 □□□□□□□□□□□□□□□□□□ 23D □□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 

□ 17D □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 49annnnnnnnnn 


- 4 - 



□ □□ □ □ 

□□□□□□□□ 

□ 18Q □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□ 

□ 19Q □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 
□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 5 - 



U”_— Nv..ZY</ECEa<t/Z/7 A *[</E-±*u-@*‘*i"A-j 



http://ss.jircas.affrc.go.jp/johokokai/gyohosyo.html [10/7/2002 10:36:08 PM] 







































-@’i CEoSJ*T*n/C/“/f/b/N/X 

•i*n(E6SJ-@“™,ESi,A,- , n<Y*i*n 


•X»V“u»F2002.10.1 


• ( html ) 

• »‘»U” —N»...ZY<^CEa<ffZf“f A »r-(5) 

. ‘g»D.ESO.-,e<K’o 

. ‘g»D») 

• -5"o(Eo—5»‘ 


• -5"o«— A <K’o 
. -5"5‘t>»EZe“-<K’6 


• Z-<7E*n***‘ 


. ’fSu-U*W 
• ’fSu(Ev%oae 


. • 1 / 2 »-.14”N“x”N“x(Ev% 0 2e 


. sAz~sA» .rocE© 

<^-±«u-(5)«‘ ( html ) 

Nv.. Z Y <yE(Ea< f[-@ 
‘g»D,ESO,-,e<K’o 
‘g-D-} 

-S'oCEo—5»‘ 

-5~o«— A <K’o 
-5"o ‘ P«EZe“-<K ’ 6 
•E"o<<— A <K’o 


http://ss.jircas.affrc.go.jp/johokokai/index.htm (1 of 2) [10/7/2002 10:36:09 PM] 













>’i CEoSJ*T*n/C/“/f/b/N/X 


’f Su-U«W *(5) ( html ) 

’fSu(Ev%oae «(g> ( html ) 
» 1 /^»-il4”N“x”N“x(Ev%oae (html ) 
SAZ-SAvFOCE© 

—5 /v o<<— A <K’o 
-5"o‘P»EZe“-<K’o 

»E"o«— A <K’o 


• ‘•U”_ — N 9 ... ZY</E(m< tfZf “ f A *[(JIRCAS) 
Nv.. Z Y < /E(EQ< t /Z/“/ A • [ (JIRC A S) 


JIRC AS Homepage ,0 


http://ss.jircas.affrc.go.jp/johokokai/index.htm (2 of 2) [10/7/2002 10:36:09 PM] 











□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□ 

□□□□□□□□□□a 


□ □ 

□□□ □□□□□□□□□□□ 

□□□ □□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□ 
nnn nnnnnnnn 
□□□ □□□□□□□□ 

□ □ 


nnn n n 
nnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnn 

nnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnn 

nnn nnnnnnnnnnnnnnnnnnnn 
nnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnn 

nnn n n 


-1 - 



D D D □ 

nnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 

n n n n □ n n n n n n n 

□□□ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□ □□□ 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□a 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnn nnn 
nnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnn 

nnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnn 

nnn n n 


- 2 - 



□ □□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□no□□□□□□□□□□□□□□□□□ 

□ □□ □□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□DDDDDDOnn 

0 0 o o oio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
□□□nnnnnnDnnnnnnnnnnnnnnnDDnDnnnnnnnnnn 
□ □ □ □ □ □ □ □ □ wu'u □ □ o □ 


□ □ 

□ □□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□a 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnnDnDnnnnnnnDnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ODD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□nnnnnnnnnnnnnnnDnDDnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□HD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□[□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnDDnnnnnnnnnnnDDDnDnnnnnnDDnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

- 3 - 



□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□Da 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□a□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□nnnnnnnnnnnnnnnnnnnnnnDDnDnnnnDnDnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n nnnnnnDnDnDDDDnnnnnnnnnDDDnnn 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnDDDDDDDDD 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□nnnnnn 
□ □□□□□□□□□□□□□□□□□□□ 
nnnnnnnnDDD 


- 4 - 



□□□□□□□-□□a 


□□nnnnannnDDnnnDDnnnnnnnnnnnnnnnnnnnnn 


□□□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□ 


nnnnannnnnnnnnnnnnnnnnnnnnnn 


□ □ 

□ □□ □□(□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□ 

□□□ □□□□□□□□□□□ 

□□□ □□□□□□□□□□□ 

□□□ □□□□□□□□□□□ 

□□□ □□□□□□□□□□□ 

□□□ □□□□□□□□□ 

□□□□ □□□□□□□□□ 

□□□□ □□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□ 
□□□□ □□□□□□□□□□□□□ 

□ □ 



□ □□ □□ 


□ □ □ □ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 
□□□ □□□□□□□□□□□□□□□□□□ 

□ □ □ D □ 

□ □ □ 

□ □□□□ 

□ □ □ D □ 

□ □□□□ 

□ □ □ D □ 

□ n n n n 

□ □ □ 

□ □ □ 

nnn □□□□□ 

□□□□□□□□□□□a 

□ □ □ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□nnnnannnnnnnnnnnD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□a 

□ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n n n n n 

□ n n n n 

□ n n n n 

□ n n n n 

□ n n n n 

□□□□□□OODODD 

□□□ □□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□DDnDnDannnDDnDnnnnnnnnnnnnnnnnnn 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□ 0 □□□□□□□□ 

□ □ □ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnn 

□ □ □ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□ 

nnnnnnnnnnnnnn 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□DD 

□□□□ □□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

□□□□□□□□□□□a 
□□□□ □□□□□□□□□□□□□□□□□□ 

nnnnnnnnnn 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ □ □ □ 

q n □' o □ q on □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□a 

n n n □ n □ 

nnnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
n n n n n n 



□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□ 

□ □ □ 

□ □ □ 

□ □□□□□□ 

□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□ 

□ □ □ 

□ □ □ 

□ □ □ 

□□□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□ d n 
□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□nnnnnnnn 

□□□□ □□□□□□□□□□□□□□□□□□□□ 
□□□nnnDDnnnDDnDnDDnnnD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
Q O Q ' O ' D CF Q □ □ □ Q Q □ 0 0 
□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ n n 

□□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnnn 

□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
QUO □ □ □ □ □ jf ; p □ □ □ □ 

□ p n.o □ □ □ □ □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ n n n 

□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnn 

□□□□□□□□□□ 

□□□□□□□□□□□□□□a 

nnnnnnnnnn 

□□□□ □□□□□□□□□□□□□□□□□□□□□ 

D □ □ 

□ □ D 

□ □ □ 

□ □ □ 

□ □□□□ 

□□□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □ □ n n n 
nnnnnnnnnn 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 



□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□ 

□□□□□□□□□□nnnnnnnnnDnnnnnnnnnnnnnnnnnn 

□ n n n n 

□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnn 

□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnn 

□□□□□□□□□non 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnn 

□ □ 

□□□nnnnnnnnnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□no 
□□□□ □□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

□ □□□□□□ 

□ □□□□ 

□ □□□□ 


n □ □ n n n 



□ □ □ □ n n 


□□□□□□□□□□□□□a 

□ □ □ □ □□□□Dnnnnnnnnnnnnnnnnnnn 

□□□nnnDDnnnnnnnnnnnDnnnnn 

□□□nnnDnnnnnnnDnnnnDnnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ □ mnu □ 

□ Q D'D 0 Q; 0 □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□nnnnnnDnnnnDnnnnnn 
□□□□□□□□□□□□□□&□□□□□□□□ 

□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□ 

□□□ □□□□□ 

□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnn 

□ n n n 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 
□□□□ □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


nnn nnnnn 



□□□□□□□□□□□a 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnn 

nnn □□□□□ 

□□□□□□□□□□□a 

□ □ □ □ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□ □□□□□ 

□□DDDDDDDDDD 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 

nnn nnnnn 
nnnnnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnn 

nnn nnn 
nnnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnn 

nnnn nnn 
nnnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
n n n n n n 

nnnn n n 

nnnnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnn nnn 

nnnnnnnnnnn 

nnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnn 
nnn 

nnnnnnnnn 

nnnnnnnnnnn 



□□□□□□□□□□a 
□ □□□□□□ 

□ □ □ 

□□□□□□□□□□□a 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ Q13 0 □□□□□□□ 

□□□□□□□□□□□□DO 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ i;fl □□□□□□ :fi j] □ 

□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□DnDannnnnnnnnnnnnnnnnnnn 


□ □□□□□ 

□□□□□□□□□□□□□□ 

□ 


n 

n n □ □ 

D 

□ 

□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

nnnnDnnnDnnnnnnnnDnnnnnDnnnDnn 

□□□□□□□□□□a 

□ 

□ 

□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□□□ 

□ □□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□Dnnnnnnnnnnnnnnnnnn 

□□nnnDDnDnDnnDnDDnDnnnnnnnnnnnnnnD 

□□□□□□□□□□□□□□□a 

□ □ □ □ □□□□DnDnnnnDDnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□nDnnnnnnnnnnnnn 

□ ff-0 □ n; d □ □ □ □ □ M □ Q.o □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 




□□□□□□□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□ 

□ □□□□□□ 

□□□□ □□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

□ □ □ □ □ 

□□□□□□ □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ n □ □ n □ 

n n n n 

□□□□ □□□□□□□□□□□□□□Dnnnnnnnnnnnnnnnnnn 

nnnnnDnnDnDDnnnDDnDnnnnnnnnnDnnnnnnnn 

□□□□□□□□□□□□□□□□□□□nnnnnnnnnnnnnnnnnn 

nnnnnDnnDnDDnnnDDnDnnnnDnnnnnnnnnnnnn 

□□□□□□□□□□□a 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ Q ODD □□□□□□□□□:□□ □ 


□ □ 

□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

nnnnnnnnnnDDnnnDDnnnnn 



□ □ □ □ 














□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□nnnnnn 


□ □ □ □ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□ 

□ □ □ □□□□□□□□□□□□□□□□□!!]□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□nnnnnnnnnDnnnnnn 
□□□□□□□□□□-□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

□ □□n n n non□□ 

□ □□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□ 

□ □□□ □ □ □□□□□□□□ 

□□□□ □ □□□□□□□□ 

□□□□ □ □□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□nnnnnDDDDnnnnnnDDDDnnnnnnnDDnnnnnnn 

□□□□□□□□□□a 
□ □□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□nnnnnn 

nnnnnn 

□□□ nnnnnnnnnnnnnnnnnnnnn 


- 1 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

□ □ □ □ □ m 

□□□□□□□□□□□□□□□□□□□□□□□□□□DDDDDDDDDDm 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnm 
□ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□ □ □ □ □ 

□□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n n n n n n n n n n n n n n [□ n n ri n n n o n n n ofi n he 
□□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□ 

□ DODOOOOODOOOODOODODODDODOODOfflOOOOO 
□□□□□□□□□□□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ □□□□ 
□ □ 

□ n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n nnn 
□ □□ 

□ nnnnnnDnDnnnnnDDnDDDnnnnnnnnDnn nnn 
nnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnn 
nnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnn 
nnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnn 
nnnn 

n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnn 
nnnn 

n nnnnnnnnnnnnnnnnnnnnn nnnnnnn 
nnnnnnnnnnnnnnnn nnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

- 2 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□ 

(□) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□(□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□ED 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□ 
DDDnnnnnnnDnDnnnnnDDDDDnnnnnDnDnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□a 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□[□□□□□□□□□□□□□ 
d d n n n n 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□nnnnnDDDDnnnnnDDDDDnnnnnnDDDDnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


- 3 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ n n n n 

□ annnnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□a 

□ □□nnnnnnDDDnnnnnnnnDDnnnnnnDDnDnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ DD 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□ 

□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 


□ □ 

□□□□□□□□□□□□□□□□□□□□□a 
□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 



□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□ 


□ □□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
□□□□□□□□□ 

nnannnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnn 

nnnnnnnnn 

nnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



□□□□□□□□□□a 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□ □□□□ 

□□□□□□□□□□a 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□ □ 

□□□□□□□□a 

nnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□ □ 

□□□□□□□□□□□□□□nnnnnnnn 
nnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□a 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□a 

nnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□nnnnnnnnnnn 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

- 2 - 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□nnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 

□□□□□□□□□□□□nnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□ 

□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
□□□□□□□□□□□□□□nnnnnnnn 

□ □□□□□ 

nnnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 


□ □ 

n □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□ □□□□□□□-□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□nnnnnnnn 
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□ □□□□□□ 


n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnDnnnDDnnnnnnnnnDnnnnDDDnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

n nnnnnDDnDDnDnnnnnnnnnDnDDDDDDnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnDDDDDnDDnnnnnnnnnDnnDDDnnnnnnnnnn 
□ □□□□□□□□□□□□□□□□a □□□□□□□ 



□□□□□□□□□□□□□□□□□□□ 


□ □□□□□□ 


□□□□□□ □□□□□□□□□□□□□ 



□ID □□□□□□□□□□□□□□□□ 


□ □ □ □ □ 

□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□ 3 0 ,0 

□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□ 10 □□ 

□ □□□□□□□ 

□ □ □ □ □ 305-8686 □□□□□□□□□□ 1-1 
□ □ 0298-38-6313Q D D D 

nmm 0298-38-6316 

nn mmm http://www.jircas.affrc.go.jp/index.sjis.html 

D D D D D 907-0002 DDDDDDDDDDDDD 1091-1 
D D 09808-2-2306D D D D 
nmm 09808 - 2-0614 

□ □□□□□□ 

DD 13D 4D 1DDDDDDDDDDDDDDDDDDDDDDDDDD5DDDDDD 
DDDDDDDDD 8,470,154,319 DDDDDDDDDDDDDDDDDDDDDD 13 □ □ □ 
DDDDDDDDDD 8,470,154,319 DDDDDDDDD 

□ □□□□□ 

DDDDDDDDDDDDDDDDDDDDD 7DDDDDDDDDDDD 1 D D D D 2 D 
DD 1DDDDDDD 4DDDDDDDDDDD 

DDD DD DDDDDHD9D28DDD 

DDDDD13D4D1DDDD17D3D31D 

D D D D D D D D D 19D 10D ID D D 

DDDDD13D4D1DDDD15D3D31D 

D D D D D D D D D 18D HD 10D D D 

DDDDD 13D 4D 1DDDD 15 D 3 D 31 D 
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□ □ □□ □□□□□ 25 □ IQ 27 □ □ □ 

□ □□□□ □□□□□ 13 □ 4 □ 1 □ □ □ □ 15 □ 3 □ 31 □ 

□ □□□□□ 

□ □ 14 □ 1U !□□□□□□□□□□□□□□ 162 □□□□□□□□□ 34 □□□□□□□ 
□ 10 □□□□□□ 118 □ □ □ □ □ 

□ □□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ !!□□□□ 197 □□ 

□ □ □ □ □ 

□ □□□□□ 

□ □ □ 

□ □ 45 □ 6DDDDDDDDDDDDDDDDDDDDDDDDDDDDDa)DDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ b) □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□ □ 52 □ 6DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

□ □ 53 □ ?□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□ 58 □ 12 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 60 □ 4 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ ODA□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ 62 □ 5DDDDDDDDDDDDD63D 10 □□□□□□ 
□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 5 □ 10 □□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□ ii □ 4DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□ 13 □ 4DDDDDDDDDDDDDDDDDDDDDDDDDDD 




□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□ 
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□ ii n □□□□□□□□□□□□□□□ 

i □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□ 

®DDDDDDDDDDD 

□ □ 13 □□□□□□□□□□□□□□□□□□□□□ 14 □ 3D 26 DD 27DDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDD9DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDD 

®DDDDDDDDDDDDDDD 

DD 13DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 14 D 2 
D 1DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDD 

®DDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDD 14D 2D 19DDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDD 

©DDDDDDDDDDD 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDD 3DDDDDDDDDDDDD 13DDDDDDDDDDDDDDDDDD 
DDDDDDDD 

©DDDDDDDDDDDDDDDDDDD 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD13DDDDDDD 
DDDDDDDDDDDDDDDDDDDDDD9D 13DDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDD7D 13DDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDD 20DDCDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD12D16DDDDD 
DDDDDDDDDDDDDDD7DDDDDDDDDDDDDDDDDDDDDDDD 

©DDDDDDDDDDDDDDDD 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDD®DDDDDDDD@DDDDDDDDD@DDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDD 

DDDDDDDDDDDDDDDDDD14DDDDDDDDDDDDDDDDDDDD 
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□ □□□□□□□□□□ 

«□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 13 □□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 16 □□□□□5 

□ □ □ □ 41,640 □□□□□□2DDDDDD 958,480 □□□□□□□□□ 

@ 0 □□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□ 27 □□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ 17 □ □ □ 83,000 □ □□□□□□ 

®D□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□ (HSCA)D □□□□□□□□□□□□□□□□□□□□ 

□ ( SEM-EDS)] □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□:□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ 

©□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 2DDDQ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ 
«□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□4DDDDDDDDDDDDDDDDDDDDDD 

©□□□□□□□□ 2000 □ □□□□□□□ 

□ □ 13 □ 11DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
2000 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□ □□□□□□□□□□□□□□□ http://www.affrc.go.jp/ja/info/tebiki/index.html) 

®D □□□□□□□□□□□□□□ apand □□□□□□ 

□ □□□□□□□□□□□□□□□ 13 □ 9 □ ?□□□□□□□□□□□ APAN □ □ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ 
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© JIRCAS/STATQ □□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 13 □□ 
□ □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ JIRCAS/STAT □ □ □ □ □ 

□ □ □ □ □ 

©□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 13 □ !!□□□□□□□□□□□□□□□□□□□□□ 

©□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□ 

©□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ 13 □ 11 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 21 □ □ □ 1 

□ EE 14 □ !□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 19 □□□!□□□ 

□ □□□□□□□□□□□□□!!□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□ 

□ □□□□□□□□ 

□□□□□□□□□□□□□□□□□□ 

«□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ 200 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□13 

S-9 □□□□□□□□□□□□□□□□□□□□□□□ □□□□□□□□□a.ti □□□□□□ 
□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□ 

«□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□a SEAFDECCD □□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□ !□□□□□□□□□□b aa pda m □! 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□ 13 □ 17 □□□□□□□□□□ 
□□□□□□□□□ 

©□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ (EMBRAPA) Q □□□□□□□□□□□□□□□□□□□ 13 □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ 13 □ 12 □□□□□□□□□ 14 □ !□□□□□□□□□□□□□□□□□ 



□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ (IRRI)D □□□□□□□□□□□□□□□□□□□□□□ 14 

□3Q□□□□□□ 

®DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDD 13 □ □ □ JiRCAS DDDDDDDD 8DDDDDDD 45DDDDD 
DD 28DDDDDDDDDDDDDDDDDDDDD37DDDDDDDDDDDDD 3 D D 
D 121DDDDDDDDDDDDDDDDDDD 

DDDDDDDDDDDD 

®DDDDDDDDDDDDDDDDDDD 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 14 □ l 
DDD8DDDDDDDDDDDDDDDDDD 13 □ 4DDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD2DDDDDDDD 
DDDDDDDDDDDDDDDDDD 

®DDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDD (esca)D DDDDDDDDDDDDDDDDDDDD 
D ( sem-eds)] D DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

®DDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
D 14 D D D 19DDDDDDDDDDDDDDDDDDDDDDDDDDD 

□ □□□□□□□□□□ 

®DDDDDDDD 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

®DDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDD 1DDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDD 

□ □□□□□□□ 

®DDDDDDDDDDDDDD 

DDDDDDDDDDDDD landDDDDDDDDDDDDDDDDDDD 13DDDD97 
DDDDDDDDDDDDDDDDD 14 DDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDCDDDDDDDDDDDDUIDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDD 1DDDDD 
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®D□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 13□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□ m 11 □ 13 □ □ □ 
□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□ m ii □ 13 □ □ □ 

□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ ED 12Q 14 □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□mi3DDD 

®a□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□ 13 □□□□□□□□□□□□□□□□ 120 □ □ 73 □ □ □ □ 

□ 60%D □ □□□□□□□□□□□□□□□□□□□□□□□.D □ 5□□□ IfD □□□ 3EJ □ 

□ □□□□□ m )□□□□□ 

□ □□□□□□□□□□□□□□□□ 
©□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□£□□□□□□□□□ 
QaamaDD □□□□□□□□□□□□□□□ □□□□□□ 

®D□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □ 



II □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□ 

□ □□□□□□□□□□□ 

A □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ FAO □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□ GIS □□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□a 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ 

□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
!!□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 5 □ 
□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 7DDDD 

□ 10 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□a USLE □□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□a 

(□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□a mou □□□ 12 □□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□a 13 □□□□□□□□□□□□□□□□□□□□□□□ 86 □□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
8DDDDDDDDDDDDD 8Q □ Q.D 5UUUU 5 □ □ 0 □ □ □ □ □ ofto DSIB □ Q 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□a 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ coli Q □□□□□□□□□ MT-sHSPQ □□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□ 

□ □□□□□□□ Bacillus coagulans □□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□ DNA □ □ □ □ □ 200bp □ □ □ 230bp 
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□ □ □ 380bp □ □ □ □ 500bp □□□□□□□□□□□□□□□□ 380bp UUU 230bp □ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 2.3kbpDNA □□□□□□□ 
□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ NiF8 

□ □□□□□□□□□ 3.5kbp □□□□□□□□□□□□□□ (SPS)Q □□□□□□□□□□□ 
□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ PCR-D □ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 559 □□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ 30 □□□□□□□□ 12 □□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ 

3DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□!□□□□□ 2Q□□□□□□□□□□□□□□□□□□□□□□□□ □ 
□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□ Nested-PCR □□□□□□□□□□□ 
□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□ 

□□□□□□□□□□□□□□ 

□ □□□□□□□□□□a 6o%a □□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
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□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 4QQ 
□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□ 

(□)□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 

□ □□□□□□□□a 40 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ 59 □ X TD(F) □□□□□□□□□□□□□□□ F2 □□□□□□□□□□□□ Vrn4 Q Q 

□ □□□□□□□a 2.5 %n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
fero• □ n□ x□ □ 67 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□ 

□□□□□□□□ 

®u □□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□a x o□ anoan□ oa (esca)□□□□□□ 

□ □□□□□□□□□□□□□□□ (SEM-EDS) D □□□□□□□□□□□□□□□□□□□ 

□□□□□□□□a 

□□□□□□□□□□□a 

□□no□□□□nan□□□□□□□□□□□□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 13 □ 9 □□□□ 

□ □□□□□□□□□a (apec)d □ □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□a jircas □□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□a 

®a alap□a□□□□□□□□□□□□□ ao □ □ p 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a jircas□ □ □ □ 

□ □□□□□□□□□□□□□ 13 □ □ □ □ 11 □□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

14 □ 3DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

□ □□□□□□ 3Q□□□□□□□□□□□ 

«□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ JICA 

□□□□□ 2n □ a p □□□□□□□□□ a; p □□□□,□ □ □i®d 
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©□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□ 13 □□□□□□□□□□□□□□ AICAFQ □□□□□□□□□ 
Q□□□□□□□4□□□Q 0 Q□□0 fl D□□□□□□□□ □ 40 □□□□□□□□□□□ 

□ □ □ □ 

□□□□□□□□□□□□□□□□□□ 

«□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□6DDDDDDDDDDDDDDDDDDD 13 □□□□□□□□□□ 

□ □□□□□□□□□□□□□□ 56 □□□□□□□□□□ 40 □□□□□□□□□□□□□□ 

□ 38 □□□□□□□□ 134 □□□□□□□□□□□□□□□□□□□□□□□□□ 10 □□ 

□ □ 12 DO □ □ Q 

©□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ (JICA)D □□□□□□□□□□ aicafd □□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□IID JICAQ □ □ 17 □ DAICAF Q Q Q 9 □ □□□□□□□□ 34 

□ m JICAQ AICAF □ □□□□□□□□□□□ 246 □□ 

©□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□ JIRCAS □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□ 

□□□□□□□□□□□a 

«□□□□□□ (15 □□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□ 5DDDDDDDDDDDD 13 □ □ □ 26 □ □ 

□□□□□□□□□□□□□□□ 

® "JIRCAS Newsletter" 0 □ "JIRCAS □□□]"□ □□□□□□□□□□ 

□ □ 12 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
JIRCAS Newsletter (No.27Q 30) □ □ JIRCAS nnnm No.26 □ 29Q □□□□□□□□□□□□□ 
□ □ □ 

©□□□□□□ (JIRCAS Working Report Series □)□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 13 □ □ □ □ Annual Report 
2000 (April 2000 □ March2001)Q 0 □ 13 □ 10 □□□□□□□□] JIRCAS Working ReportSeries 

□ II □ 

©□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□□a 

□□□□□□□ 

® □□□□□□□□□□□□□□ 108 □ a a a a a □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 13 □□□□□□□□ 

□ □□ 16Q □□□□□□□□ 12Q □□□□ 720 □□ □ 20Q □ D □ 52m □ □ □ □ □ 86Q □ □ 

□ □□□□□□□□□□□□ 74D □ □ □ 12QD □□□□□□□ 164Q □□□□□□□ 111Q □ □ 

□ □□□□□ m 19Q □□□□□□□ 22Q □ □ □ 15Q □ □ □ □ 49Q □ □ □ □ 3Q □□ 569 UUU 

□ □□□□□□ 13 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

@ JIRCAS Journal Q Q □ 

□ □ 13 □ 7 □ □ JIRCAS Journal No.9 □□□□□□□□□ No.l □ No.8 □□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□ 

<d jircas □ □ nnnrm rm □ □ 

□ □ 13 □ ii □□□□□□□□□ jircas □□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□ 

«□□□□□□□□□□ jiRCAsmnmmm so □ □ □ □ □ □ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□ 13 □□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□ FFTC □□□□□□□□□ 


© JIRCASInternationalSymposiumSeries Q □ □ 

□ □ 12 □□□□□□□□□□ JIRCAS □□□□□□□□□□□□□□□□□□ JIRCAS 
International Symposium Series No.9Q TARC-JIRCAS 30th Anniversary, The 7th JIRCAS International 
Symposium: Agricultural Technology Research for Sustainable Development in Developing Regions 0 

□ □□□□ 13 

© JIRCAS Working Report Series^ 5DDDDDDDDDDDDDD2DH] JARQQ 4 □ □ □ Q 

□ 

JIRCAS Working Report Series □□□ 3DDDDDDDDDDDDDDDDDDDDDDDD 

□ □□□□□□□□ JARQ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 13 □□□□□□ Yol.35(3)D Yol.36(2)D 

□ □ □ □ □ 

□□□□□□□ 

«□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□CD http://kiss.aris.affrc.go.jp/D 
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«□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□ JIRCAS □ □ □ □ No.26Q Q □ 13 0 9 

□ □□□)□□□□ 12 □□□□□□□□□□□□□ JIRCAS □ □ □ □ No.27Q UU 13 □ 12 □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□ 

® JIRCAS Q □□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ JIRCAS □□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□ 

®00000000000200D000 

□ □12 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ wssYl □ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□ 

©□□□□□□□□□*□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ i3 □□□□□□ 5nnnaanaaaa 
□□□□□2DDDDDDDD8CCCCCCCCCCCCDD 

«□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 14 □ 3 □ □ □ □ □ □ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ 2D□□□ □ □ 

©□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□ i3 □ 9 □□□□□□□□[]□□□□□□□ D □ □ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


hi □□□□□□□□□□□□□ □□□□ □□□□□□□□□ 5lq ni \ 

□ □□ □ □ 13Q do □ 

□ □□□□ □□13QDDDDD 

□ □□□□ □□!?]□□□□□ 


IV □□□□□□□□□ 
□ □ □ □ □ 
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V □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 


VI □□□□□□ 

□ □ 13 □□□□□□□□□□□□□□ 


VII □□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□ d □ □ □ d 

□ □□□□□□□□□□□□□□□□□ 14 □ 1DDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□ 

□ □ □ □ □ 

«□□□□□□□□□□□□□□□□□□ 

□ □□□□ 15D4DDDDDDDDDDDDDDDDDDD 14 □ □□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

®D □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 14 □□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□ 15 □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

□□□□□□□□□□ 

□ □□□□□□□□□□□□ 14 □ ID 1 □ □ □ 162 □□□□□□ 

□□□□□□□ 

«□□□□□□□□□□ (2 □□□□□ 

□ □ 13 □ 10 □ 100DDDDDD 14 □ 2 □ !□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ 4DDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□!□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□ iDDDDDDDDDD 7DD6DDDDDDDDDD 
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□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ !□□□□□□□□□□ 

<»□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ 14 □ !□□□□□□ 2DDDDDDDDDDDDDDDDDDDDDDDDDDDD 

□ □□□□□□□□□□a 8 □ a □: 0 □ JiRCAS □□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 
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□ □ □ □ 

3,566 

4,088 

□ □ □ □ 

3,566 

4,088 

□ □ □ 

1,761 

1,912 

□ □ □ □ 

1,077 

1,674 

□ □ □ □ 

226 

174 

□ □ □ □ □ 

371 

157 

□ □ □ □ □ 

131 

171 

□ □ □ □ 

0 

0 

□ □ □ □ 

0 

0 

□ □ □ □ 

3,566 

4,271 

□□□□□□□□ 

3,209 

3,219 

□ □ □ 

0 

691 

□ □ □ □ 

226 

190 

□□□□□□□□ 

23 

7 

□□□□□□□□□□a 

108 
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DDDDDDDDODDDDDDDODDDDDODDDDDOODOOOO 
DDDDDDDDDDDDDDDDODDDDDDDDDDDOOOOOOO 
DODDDDOO 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDOODOOOO 
DDDDDDOODDDDDOOOOODDDDOOOOOD 

10 OOOOODDOOOOODDDDDDOODDODDDOOODOOOD 
□ □ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□ □□ □□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□ □ 

□ □□ □□□□□□□□□□□□□□□□□□□□□ HD □□□□□□□□□ 

0 0 0 0 0 □ 0 0 □ □ □ 0 0 □ 0 0 0 0 OD 0 0 □ 0 0 D 0 0 0 0 0 0 0 0 0 
OOODDOOOOODOOOOODDOOOOODOOOOODODDOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□ □□OOOODDOOOODDOOOODDOOODDODDODOO 
□□□□□OOOODDOOOODODOOOOODODODDDDDDDD 
□□OODOOOOOODOOOOODOOOOOOOODDDDDDDDD 
□ □□□□□ 

□ □□□□□□□□OOOODODDOOOOOOOO 

□ □□□□□□□□OOOODODDOOOOOOOO 

□ OOOOOOOOOODOOOOOOOOOOODOOOODDOODOD 
DDDDOOOOOOODDOOOODOOOOODOOOOOOODOOD 
DDDOOODDOOOODDDOOOODDDOOODDOOOOOOOO 
DDDOOODDOOOODDDOOOODDDOOODDOOOOOOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ crib □□□□□□□ 

DDDOOOOOOO 

□ □ □ □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DODOOOOOODDDOOOOOODOOOOOOOODD 

□ OOOOOOOOODODOOOOOOOOOOOODOODDOOOOD 
OOOOOOOOOD 

DDOODO 

0000 DOOOOOODDOOOOOODDOOOOOOD 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□a 

OOOOOOODDDOOODDDOOOODDDOOOOOOOOOOOOO 
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□ □ □ □□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

nun □□□□□□op □□□□□□dp □□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□OOOODODDQOOOODDD 
0 0 □ □ □ □ □ □ 0 0 0 0 □ 0 □ □ □ 0 0 0 0 0 0 □ □□ 
OOOOODOOOOODDOOOOODDOOOODODDQOOOODDD 
□ □□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
0 0 □ □ □ □ Q □ 0 0 0 0) 

□□□□□□□□□□□□OOOOODDOOOODDOOOOODODDD 

OOOODOOOOOOOOOOOOOOOOOOQDOODDDDDODD 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

OOODDOOOOODDOOOOODDOOOODDOOOOOOODDD 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□OOOODDOOODOOODDQ 

□□□OOOOOODDDOOOODOOOODODDOODDDODDDD 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

OOODDOOOOODDOOOOODDOOOODDOOOOODDDDQ 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□nnnn 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 

□□□□□□□□□□□□□□□□□□□OOOODDOOOOOOODDO 

□□□□□OOOODDDOOOOQODOOOODDOODODDDDDD 

□ DC □□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□OODODOODOOODOODOOOOODODDDDD 
OOODDOOOOODDOOOOODDOOOODDOOOOOOODDO 
□□□□□□□□□□□□□□□□□□□OOOODDOOOOOOODDO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
D D D D D □ □ 

□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ nnnnDDDnnnDnnnnDDDDnnnnnDDDDnnnnnDD 
□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnDDnnnnDDDDnnnnnDDDDnnn-DnnnnnDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□ □□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ D 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□ 

□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□OOOOODOOOOODDOOOODDOOOODDOOOODODDD 

□ DO □□□□□□□□□□□□ 

□ □□OOOODDOOODQDDOOOODDOOOOODDDDDDDO 
OOOOODDOOOODDOOOODDODDDDDDOOODDDDDD 
□□□□□□□□□□□□□□□□□□□□OOOODDOOOOOODDD 
0 0 0 0 OD □ □ □ □ □ 0 D D 0 0 0 0 0 0 □ Q Q □ □ □ □□ □ □ 0 0 0 0 0 Q 
ODOOOOODODOOOOOOOOOOOOODDDO 

□□ODDODODOOOODDDOO OODOOOODDDDODDODD 
□□□□□□□□□ 

□□□□□□□nnnnnnnnnn □□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ 

□00000 

0000 OOOOODOOOOOOOOOOOODOOOOOOOOO 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 000000 
OOOOOODDOOOOOOOOODDOOODDOOOOODOOOO 
□ □ □ □ 

OOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

0000000 

OODDODOOODOOOOOOOOOOODOOODODOOOOOOOOO 

□□□□□ooooooooooooooooooooooooooooo 

OOOOOOOOOOODDOOOODDOOOOOOOOOOOOOOD 
OOOOOOOODOOOOOOOOOOOOOOOOOOOOOOO 
□ OOOOOOOOOOOOOODOOOOODDOOOOOOOOOOOO 
DOOOOODOOOOOOOOOOOOOOOOODDOOOODOOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ 
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□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□on 

□ □□□□□□□□□□□□□□□□□□□□□□□ □□□□□□□□ 
□□□□□□□□□□□a 

n □□□□□□□□□□OOOODDOOOODDOO □□□□□□□ 
□□□□□□□□□□OOOOODDOOOOODODQOODODDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ 

□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□ 
□□□□OOOOODDOOOOODDOOOODDOOOOOOODDD 
□□□□OOOOODDOOOOODDOOOODDOOOOOOODDD 
□ □□□□□□ 

□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ □ 

□ □□OOOOODDOOOOODDOOOODDODDOODODDDDO 

□ ODD DP □□□□□□□ D □□□□□□ DO □□□□□'□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
D D 

□ DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

nnnnna 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
ODDDDDODDDDDDD□□□□□□□□□□□□□□□□□□□□□ 
□DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
D D D 

□ DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

□ □□□□□□ 
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□ □□□□□ 

□□□n □□□□□□□□□□□□□□□ooodooo 

□□□□□ODOODODOODDOOODOODOOOOOOODDODOD 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
OOODDOOOOODOOOOODDOOOODDOOOOOODDOD 

□ □□□□□□ DD 

OOODODOOOOODODOOOOODODDOOOQOODOOOOODD 

OODDOOODDOOOODOODDOOOODOOODOOOODOD 

OOODDOOOOODOOOOODDOOOODDOOOOOODDOO 

OOODDOOOOODOOOOODDOOOODDOOOOOODDOD 

□□□□□□□□□□□□□□□□□□□□□□□□□ 

DOOOODDOOODODOOOODOODOODDDDDDDDDDDDO 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 

□□□□□OOOOODOOOOODDOOOODDOOODOODQDD 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ OOQOOODOOOOODOOODOOODOODDDDDDODDOO 
□□□□□□ 

□□□□□□□nnnnnnn □□□□oooodoodododdoooo 

OOODDOOOOODOOOOODDOOOODDOOOODODDOO 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□OOOOOODDDOOOOOOD 

□DOOOODOOOODOO □□□□□□□□□□□□□□□□□□□□□ 
OOODDOOOOODOOOOODDOOOODDOOOOOODDOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□OOODDODOO OOODOO 

□ □□□□□□□□□□□□□□□□□□□□□□OOODODDOO 
D □ □ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ D 

□ □□OOOODDOOOODDOOOODDOOOOOODDOOOO 


- 8 - 



□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□ □□□□□□□ 
□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ QD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
□□□□OOOOODDOOOOODDOOOODODDDOOOODDO 

o □□□□□□ rr.fi □ □ fin □□□□□□□ m □ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□OOOODOOOOOODDDOOOODDOODDDDDDDD 
0 0 0 0 0 □ □□ □ 0 □ □ 0 0 0 0 0 0 0 0 0 □ 0 0 0 0 □ □ □ □ 0 □ □ □ □ □ 
□□□□□OOOOODDOOOOODDOOOODDOOODOOODDD 
□□□□OOOOOOOOOOOOODDOOOOOODDDDODDODD 

□ □□□□□□ U □□□□□:□□□□□□□□□□□□□□□□□□□□□□ 
OOODOOODQQOOOODODOOOOOOOOODOODODOOD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
□□□□□□□□□□□□OOOOODDOOOODDOOOOOOODDO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□OOOODDDOOOODODOOOODODOOODDDDDD 
0 0 0 D 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 □ 0 0 D 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDODDDDDDDDDDDDDDDDDDDDDDOOOOOOO 
0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 DO 0 0 0 0 0 D 0 0 0 0 0 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDODOOOOO 
DDDDDDOODDDDODOOOODDDDDO 

□ OOOOODODDODDDODDDDDDDDDOOOOOODOOOD 
OOODDDDDOODODODDODDDDDODDDODDDDDOOD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDOODDDDDD 

ODDDDDDOODDDDDOO 

OOOOODODDDODDODDDDDDDDDDDODOOOOOOOOO 

□□□□□□□□□□□a 

□ OODOODODDDODDODOOOODDDDODDDODDODOO 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDOOODOOO 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□nnnn 

□ □□ODDODOODODDQOODDDDDOODDDDDDDDDDD 
OOOOOOOOOOOOOOOOOOOOOOOOOOODOODDOOD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
□□□□□□□□□□□□OOOOODDOOOODDOOODOOOQDO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□OOOOODDOOOOODDOOOODDOOOOOOODDD 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□ Dj □□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□OOOODDOOOOOOODDO 

□□□□□OOOOOODOODDQOOOOODDOODDDDDDDDD 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ OOOODDDODDDDOOODDDOOODDDDDDDDDDDDO 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□]□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□ |t □□□□□□□□ o □ □ □' □ □ □ on on n 

□□□□□□□a 

□□□□ □QOOODDDOOODDOOOODDODDODDDDDODO 
ODOOODODOOOO 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□OOOODDOOOOOOODDO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□ 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□ □□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
D □ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
□□□□□□□□□ 

□ □□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□OOOOODOOOOODDOOOOODOOOOOOODDOO 
□□□□□OOOOODOOOOODDOOOOODOOOOOOODDOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□OOOOODOOOOODDOOOOODOOOOOOODDOO 
0 0 0 DO 0 0 0 0 0 0 0 □ 0 □□ D □ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 
ODOOODOODOOOOOOOOOOOOOOOOOODOOODODD 
□ □□□□□□□□ □□□[]□□□□□□ □□□□□□ 

□ OODDOO 

□□□□ OOOOOODDOOOOODOOOODDODOOOOOOOOO 
0 0 0 D 0 0 0 D 0 D 0 D 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 00 0 0 D 

0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 D 

□OOOODOOOOODOOOODDOOOOOOOOODOOOOOOO 
□OODDDOOOODDOOOODDDOOOODDOODOOOOOOO 
DOODODDDOOOOODOOOOOOOOOOOOODDDDOODD 

□ □□□□□□ 

□ OOOOOOODDDOOOODDOOOODDDOOOOOOOOOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□OODDDOOOODDOOOODDDOOOODDOODOOOOOOO 
□OODDDOOOODDOOOODDDOOOODDOODOODOOOO 
□OOODDOOOOOOOOOOOOOOOOOOOOODOOOOOOO 
DDODDDDDOODDDDOOOOOOOOODDDDDDDDOODD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□OODDDOOOODDOOOODDDOOOODDOODOOOOOOO 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

OOOOODOOOOODOOOOODDOOOOODDDDOOOODDOO 
OOOODODQOOOOOOOOOODOOODOOOODOOOOD 
□ □□ 0 0 0 0 0 0 
□□□□□□□□□□□□□□□□ 

□ OOOOOODDDDDDDDDDDDDDDDDOOOOOODOOOD 
DDDDDODDDDDDDDDDDDDDDDDDDDDDOOOOOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDODDDOODDODDDDOOODDDDDDOOODOODD 

0 0 0 0 0 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DODOODDOOOODOODOODOODDODDODDDOODOOO 
DOODDDDDDDDODDDODDODODODODDOOOOOOOO 
DODDDODDOODODDOODDODOOODDDDDOOOOOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DODD 0 DO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

DDDDDD 

□□□□ OODDDDDDDDDDDDDDDDDDDDOOODOOOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDOOOOOOODDDDDDDDDOOODOOOD 

DDDDDDOODDDDDODOO 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDOOOOOOO 
DDDDDDOO 

OOODDDOODDOD 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□ □□□□□□□□□□□ □□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ o □□□□□□ n.D □□□□□□ 00 □□□□□□□ m □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 

□□□□□□□□□□□□□□□□□□OOOOODOOOOOOODDOO 

□ □□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 

OOODOD 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
OOOOOOODODDOOOODDODOOOOOQDOOOOODOOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□OOOOODOOOOOODDDOO 

□□OODOOOODOOOOOOOOOOOOOOODODDDDDDDD 
□ ■□□□□□□□ 0 □□□□□□□□□□□□□□□□□□□ 
□ □□□□□□a an□□□□□□□ no□□□□□□□□□□AD 

□ □□OODOODDOOOOODDOOOODDODDOOOODDDDO 
□□□□□OOOOODOOOOODDOOOOODDDDOOOODDOO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDOOOOOOOODOODODODOOOOODOOOOODOOD 
OOODDOOOOODOOOOODDOOOOODOODOOOODDOD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
OOODDOOODDDOOOODOODOOODOOOODDDDDDDO 

□□□□□□□□□a 


□ □ □ 

□ 

□ □ 

□ □□□□□□□□a 

□ □□□□□□□a 

□□□□□□□□a 

□ □ □ □ □ 

□ □ □ 

□ □ □ 

□□□□□□□□ 

□□□□□□□□□□□□a 

□□□□□□□□□a 

□ □ □ □ □ □ □ 

□□□□□□□□□□□□□□□a 

□□□□□□□□□a 

□ □ □ □ □ □ □ 

□□□□□□□□ 

□ □ □ □ □ 

□ □ □ □ □ □ □ 
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□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ □□ □□□□□□□□□□□□□□□□□□□□□□□□ □□ □ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ n n n □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ 

□□□□ □□OOOODDOOOODOOOOODOOOOOODDOOOO 
OOODDOOOOODDOOOOODDOOOODDOOOOOOODDO 

OOOODOOODODDODOOOQOOOOOODDDDDDDDDDDD 
□Q00□□□□□□□□□□□□□□□ 
OOOOODOOOOODDOOOOODDOOOODODDDOOOODDD 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□DO 
□ □ □□ 

□□□□□OOOOOOOQOOOOOOOOOOOODDODDODOODD 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□OOOOOODDOOO 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□□□□□□□□□□ODD □□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ ELD □□□□□□□□□□ 

□ □□□□□□□□□ □□□□□□□□□□□□□ 
□□□nnnnnnnDDD nnnnnnDDDD 

□ 16D □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□a □□□□□□□□ 
□ □ 

n □□□nnnnnnDDDDDnnnnnnnDDnnnnnnnnDDDnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□nnnnnnDDDDDnnnnnDDDDDDnnnnnnDDDnnnn 
□ □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDnnnnnnDnnnDnnn 

□ □□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□nnnnnnDDDnDnnnnnDDDDnDnnnnnnDDDDnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □ □ □ fl v D □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□ 

□ q.d □ □ on □ □ □ □ □ ofl 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

□ □□□□□□□□□□ 
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□ □□□□□ 

□ □ □ n □ □ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
n □□□nnnnnnDDDDDnnnnnnnDDnDnnnnnnDDDDnnn 
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□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□ 0-ti □□ n q □□□□□□□ n n si □ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□DnnnnnnDDDDDnnnnnnnDDnnnnnnnnDnDnnnn 
□□□□□□□□□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□nnnnnnDnnDDnnnnnnnDDnnnnnnnnDDD 

□ □ □ □ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□□□ 

□□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnDDDnnnnnnDnDnDnnnnnnnnnnnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□nnnnnnDDDDDnnnnnnnDDDDnnnnnnnnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
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□□□□□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□nnnnnnDDDDDnnnnnDDDDDn 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DDDDnnnnnnDnDDDnnnnnnDDDD 
n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□nnnnnnnDDDDnnnnnnDDDnnnn 

□□□nnnnnn 

□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□ 
n □□□nnnnnnDDDDDnnnnnnnDDDnnnnnnnDDDnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□nnnnnnnDDnnnnnn 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□□□nnnnnnDDDDDnnnnnDDDDDDnnnnnnDDDnnnn 

□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□D □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ Q 0 □ □ □ D 0 □ □ □ D'fl □ □ □ Q G □ 

D□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□ 

n n d □ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
DDnnnnnnnnDnDnDnnnnnDDDDnDnnnnnnnnDnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□D□□□□□□□ 

□ □□□□ i"fl □ n □□□□□□ d : B □□□□□ □ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□ 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
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□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□ 

n DnDnnnnnnDDDDDnnnnnnnDDnnnnnnnnDDnnnnn 
nDnnnnnnnnDDDDDnnn 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□ 

□ QD□□□M□□□□□□□□□ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
nnnnnnnnnnnnnnnnnnnnnnnnnnannnnnnnnnn 
n n n n □ □ 

n DnDnnnnnnDDDnDnnnnnnnDnnnnnnnnnDnDnnnn 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
DDDDnnnnnnDnDDDnnnnnnnDDDDnnnn 

n □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□anno□□□□□□□ 

□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
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□□□□□□□ 

mm □ □ □ 

□ □□□-□□□□ □□□□□□□□□□□-□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

TEL 0298-38-6326 

HID □□□□0DD0D0D0DD0DD 

□ □□□□□□□ □□□□□□□□ m m □□□□ □ □□□□□□□□□□ oo □□□□□□□ 

□ □□□□□□□ mm □□□□□□□□ 

mo □ □□□□□□□□□□mnmnnmonnm□ □□□□□□□□□□mnmnmnnnn 
□□□□□□□□□□□a 

□ □□□□□□□□□ m m □□□□□□□□□□□ m m □□□□□□□□□□□□□□□ □□ 

□ □□□□□□□□□□□□□a mm □□□□□□□□□□□□□□ □□□□□□ 
mn □□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ m m □□□□ □□□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□□□ □ □ 

mm □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 
mm □□□□□□□□□□□ 

□manna □□ 

nmnnnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ 
mm□□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
mm □□□□□□□ 

in n n n n 29n r □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□ □□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 
mm □□□□□□□ 

□ 

mm □□□□□□□ □□□□□□□□□□□ 

□ □ nmm □□□□□□□□□□□□□□□□□□□□□□ nmm □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 
mmoD 

□□□□□□□□□□□□ 




□ □□□□□□ 


□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□ 


□ □□□□□ 

□□□□□□□□□□□□□ 

□ □ □ □ □ □ □ 
□□□□□□□□□□□□-□□ 


□ □ □ □ 

□□□□□□ 

□ □□□□□□ 

□□□□□□□□ 
□ □ □ □ 


□□□□□□ 
□ □□□□□□ 
□ □□ □ □ □ 


□□□□□□□□□□□□□ 

□ □ □ □ 

□ □□□□ □ □□□□ 

□□□□□□□□ 

□ □ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□ □□□□□□□□□□□□ 

□□□□□□□□□□□a 

□ □□□□ □ □□□□ 

□ □□□ 



□ □□□□□□□□□ 


□□□□□□□□□□□□□□□□□ 
□ □□□□ □□□□□ 


□ □□□□□□□□□□□□□ □ □□□□ 
□ □□ □□ □□ 


□□□□□□□ 

mm □□ □□□□□□□□□□□□□□□ 
mmooo □□□□□□□□□□□□□□□□□-□ 

□□□□□□□□□□□□□□□□□□□ 
mmooo □□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□ □□□ □□□□ 778.56Q 

□ □□□□□□□□ □□ 

□ □□□□□□□□ □□ 

□ □□□□ am □□□□□□□□□□□□□□□□□□□□mao□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
mm □ □□□□□□□□□□□□ □□□□ 

□□□ □ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□a 

ma a qd o o □ o a a-oa o a o a ooaoo on □ □ o oo m a m a n d mo □□oEMb 
□ □ □□ □ □□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
mD DDDDDDDt D □□□□□□□□□□□□□□ 

ma□□□□mao □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ do o m □□□□□ m □□□□□□□ nm □ □ omoooomm □□□□□□□□□□□ 

□ □□□ aam □□□□ m □ ztq □□□ 1720 m □□□□□□□□□□□□□□□□□□□□ □ 

□ □□□□□mO !!□□□□ 2250 □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□□□□a□ □□dodd□□ am 

mo □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
DODODODoaomo mm □□□□□□□□□□ oom o o □□□ 
mo □□□□□□□□□□□□□□□□□ m □□□□□□□□□□□□□□□□□□□□□□□□□ □ 
i,oooa □□□□□□□□□□□□□□□□□□□□□□ □□ □ □ □ □ □ □ oom □□□□□□□ 

□ □□□□□□□□□□□□ 2 O °/0 o o o o o oo oo oom 

mo□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 

DOOODODOODODOmmODOODODODODODOOOODODOOO 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

mDmoooooooooooooooooooooomoooDooooooooooooo 

□ □□□□ 




mn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ □□□ □□□□□□□□ 
□□□□□□□□□□□□□□□□a 

□□□□□□□ 

mm □ □ □ 

□ □□□-□□□□ □□□□□□□□□□□-□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

TEL 0298-38-6326 

HID □□□□0DD0D0D0DD0DD 

□ □□□□□□□ □□□□□□□ m m □□□□ □ □□□□□□□□□□ oo □□□□□□□□ 

□ □□□□□□ mm □□□□□□□□ 

mo □ □□□□□□□□nnmnmnnmonnm□ □□□□□□□□□□mnmnmnnnn 
□□□□□□□□□□□a 

□ □□□□□□□□□ m m □□□□□□□□□□ m m □□□□□□□□□□□□□□□□□ □ 

□ □□□□□□ □□□□□□□ mm □□□□□□□□□□□□□□ □□□□□□ 
mn □□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ m m □□□□ □□□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□□□ □ □ 

mm □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 
mm □□□□□□□□□□□ 

□manna □□ 

nmnnnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ 
mm□□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
mm □ □□□□□□ 

H n n n n 29n ri □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□ □□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 
mm □□□□□□□ 

□ 

mm □□□□□□□ □□□□□□□□□□□ 

□ □ nmm □□□□□□□□□□□□□□□□□□□□□□ nmm □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 
mmoD 

□□□□□□□□□□□□ 




□ □□□□□□ 


□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□ 


□ □□□□□ 

□□□□□□□□□□□□□ 

□ □ □ □ □ □ □ 
□□□□□□□□□□□□-□□ 


□ □ □ □ 

□□□□□□ 

□ □□□□□□ 

□□□□□□□□ 
□ □ □ □ 

□ □□ □ □ □ 
□ □□□□□□ 
□□□□□□ 


□□□□□□□□□□□□□□□ 

□ □ □ □ 

□ □□□□ □ □□□□ 

□ □□□□□□ 

□□□□□ □ □ □ □ 

□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□a 

□ □□□□ □ □□□□ 

□□□□□□□□□□□□□□□□□□□a 
□ □□□ 



□ □□□□□□□□□ 


□□□□□□□□□□□□□□□□□ 
□ □□□□ □□ □□ 


□ □□□□□□□□□□□□□ □ □□□□ 
□ □□ □□ □□ 


□□□□□□□ 

mm □□ □□□□□□□□□□□□□□□ 
mmooo □□□□□□□□□□□□□□□□□-□ 

□□□□□□□□□□□□□□□□□□□ 
mmOOO DQQDDDDODQDOlOQDtODmpOOOQDO 

□ □□□□□□□□□□□□□□□□□ □□□ □□□□ 778.56Q 

□ □□□□□□□□ □□ 

□ □□□□□□□□ □□ 

□ □□□□ am □□□□□□□□□□□□□□□□□□□□mao□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
mm □ □□□□□□□□□□□□ □□□□ 

□□□ □ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□□□□a 

ma a quo a od a a orro □ o a oaaoff qo a o O'OO in o m o □ a ma □□EHH 
□ □ □□ □ □□□□□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□ 
mn lnnnnnnnTi nnnnnnnnnnnnnnn 

ma□□□□man □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ m □ □ o □ □ m □ o □ □ □ □□ om □ omoooomm □□□□□□□□□□□□ 

□ □□□□m □□□□ma 27 q □□□1720 □:□□□□□□□□□□□□□□ □□□□□□□□ 

□ .□□□□ m □ 130 □ 0 □ 2250 [□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□a □ □□ □□□□□□ am 

ma□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
ooooDOODOomo mm □□□□□□□□□□ □omoaoDo 
ma □□□□□□□□□□□□□□□□□ m □□□□□□□□□□□□□□□□□□□□□□□□□ □ 
i,oooa □□□□□□□□□□□□□□□□□□□□□□□□[□□□□□□□□□□□□□□□a 

□ □□m □□□□□□□□ □□□□□□□□□□□□ 20^ ooooo oo odd am 
mo□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
do oo oo oooo oo □ mm oooooooo □□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
mo □□□□□□□□□□□□□□□□□□□□□□□□moo □□□□□□□□□□□□□□□ 

□ □□□□ 




mn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ □□□ □□□□□□□□ 
□□□□□□□□□□□□□□□□a 

□□□□□□□ 

mm □ □ □ 

□ □□□-□□□□ □□□□□□□□□□□-□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

TEL 0298-38-6326 

HID □□□□0DD0D0D0DD0DD 

□ □□□□□□□ □□□□□□□□ m m □□□□ □ □□□□□□□□□□ oo □□□□□□□ 

□ □□□□□□□ mm □□□□□□□□ 

mo □ □□□□□□□□□□mnmnnmonnm□ □□□□□□□□□□mnmnmnnnn 
□□□□□□□□□□□a 

□ □□□□□□□□ m m □□□□□□□□□□□ m m □□□□□□□□□□□□□□□□□ □ 

□ □□□□□□ □□□□□□□ mm □□□□□□□□□□□□□□ □□□□□□ 
mn □□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ m m □□□□ □□□ □□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□a 

□□□ □ □ 

mm □□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□a 
mm □□□□□□□□□□□ 

□manna □□ 

nmnnnn □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ 
mm□□ □ □ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
mm □□□□□□□ 

in n n n n 29 n r □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□ □□□□□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□ 
mm □□□□□□□ 

□ 

mm □□□□□□□ □□□□□□□□□□□ 

□ □ nmm □□□□□□□□□□□□□□□□□□□□□□ nmm □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 
mmoD 

□□□□□□□□□□□□ 




□ □□□□□□ 


□□□□□□□□□□□□□□□□□□ 
□□□□□ □ □□□□ 


□ □□□□□ 

□□□□□□□□□□□□a 
□ □ □ □ □ □ □ 
□□□□□□□□□□□□-□a 


□ □ □ □ 

□□□□□□ 

□ □□□□□□ 

□□□□□□□□ 
□ □ □ □ 

□ □□ □ □ □ 
□ □□□□□□ 
□ □□□□□ 


□□□□□□□□□□□□□□a 
□ □ □ □ 

□ □□□□ □ □□□□ 

□□□□□□□□□ 

□□□□□ □ □ □ □ 

□□□□□□□□□□□□□□□a 

□□□□□□□□□□□a 

□□□□□□□□ □ 

□□□□□□□□□□□□□□□□□□□a 
□ □□□ 



□□□□□□□□□□□□□□□□□ 


□□□□□ □ □ □ □ 

□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 


□ □ □ □ □ 

□□□□ □ □□ □□□ □□ 

□□□□□□□ □□□ □□□□□ 

□□□□□□□ □□□□□□□□ □ □□□□□□□ □ □□□□ 

□ □□□□□□ 

□ 305- 8686 □□□□□□□□□□□-□ 

□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □ □ □ □ 

□ □ □ □ □ □ 

□ □□□□□□□□□ 

□ □□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□ 

□ □□□□□□□□□□□□□ 

□ □□□□□□ □□ 1 ( 1 ) □□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□a 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□ 305-8686 □□□□□□□□□□□-□ 

□ □□□□□ □□□□□□□□□□□□□ 

□ □□□□□□□□ 

TEL. 0298- 38- 6326 FAX. 0298- 38- 6328 
□ □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□a 

□□□□□□□□□□□□a □□□□□□ 

□□□□□□ □□ □□□□□ 


□ □ □ □ 

□□□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□a 
□ □ 

□□□□□□□□ 

□□□□□□□□□□□□□□□□□a 

□□□□□□□□ 

□□□□□□□□□□a 

□ 

□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□a 

□□□□□□□ 

□□□□□□□□□□□□□□□□□a 

□□□□□□□□□□□□□□□□□□a 

□□□□□□□□ 

□□□□□□□□□□□□□□□□a 


□ 


□□□□□□□□□□□□□a 


□□□□□□□□□□□□□a 


□ □□□□□□□□ !□□□□! □ 
□□□□□□□□□□□□□a 
□ □ 

□□□□□□□□□□□□□a 

□□□□□□□ 




□ □□□□□□ 


□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□ □ □ 


□ □□□□□ 

□□□□□□□□□□□□□ 

□ □ □ □ □ □ □ 
□□□□□□□□□□□□-□□ 


□ □ □ □ 

□ □□□□□ 

□ □□□□□□ 

□□□□□□□□ 
□ □ □ □ 

□ □□ □ □ □ 
□ □□□□□□ 
□ □□□□□ 


□□□□□□□□□□a 
□ □ □ □ 

□ □□□□ □ □□□□ 

□□□□□□□□ 

□□□□□ □□ □ 

□□□□□□□□□□□□□□□□□□□□□□a 

□ □ □ dddd D □ □ 

□ □□□□ □ □ □ □ 

□ □ □ □ 



□□□□□□□□□□□□□□□□□ 


□□□□□ □ □□□□ 

□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□ 


□ □ □ □ □ 

□□□□□□□□□□a □□□□□□□□ □□ 

□□□□□□□□□□a □□□□□□□□□□□□□ 

□ □□□□□□□□□ FI uorChem I S- 8800- 5SU 

□□□□□□□□a 

□□□□□□□ □□□□□□□□□□□ 

□□□□□□□ □□□□□□□□□□□□□□□□□□□ 

□□□□□□□□a 

□□□□□□□ □□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□ 

□ □□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□a 
□ □□□□□ 



□ □□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□ 

□ 305-8686 □□□□□□□□□□□-□ 

□ □□□□□ □□□□□□□□□□□□□ 

□ □□□□□□□□ 

TEL. 0298- 38- 6326 FAX. 0298- 38- 6328 
□ □□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ □□□□□□ 

□ □□□□□ □□ □□□□□ 

□ □ □ □ 

□ □□□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□ 

□ □□□□□□□□□□□□□□ 

□ □ 

□ □□□□□□□ 
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Call for Posters 


The 9f h JIRCAS International Symposium will be hosted under the title of “Value-Addition to 
Agricultural Products—towards increase of farmers’ income and vitalization of rural economy”. 
Posters that contribute to information exchange related to the symposium subject will be 
welcomed for Poster Session. 


1. Panel: One panel is available per subject. The size of each panel is 100 cm wide and 210 cm 
high. The official language is English. 

2. Period for display: Poster panels will be displayed during the duration of the Symposium 
from October 16 to 17. Posters should be mounted by noon on October 16 in the 
designated location, and removed after the poster session by the presenters. Presenters are 
expected to be by their posters during the poster session (12:30-14:30, October 17). 

3. Presentation site: Epochal Tsukuba (3F Foyer) 

4. Abstracts: All participants who will present a poster are required to submit an abstract. 
These will be the basis for the abstract book which will be distributed at the beginning of 
the symposium. An example of the required format is shown below. 

(Abstract Format) 

□ Abstracts must be in English 

□ Type on A4 (210 x 297 mm) paper within an area of 160 mm (width) and 240 mm (length), 
centered on the page, using Time New Roman Letters (12 point font except for title and 
names) with 1 line-spacing. 

□ Give the title first (14 pt. bold) followed by the names (14 pt.) and affiliations of the authors 
(12 pt.). Underline the presenter. 

□ Give full postal addresses of all authors with numeric superscripts if needed. 

□ Leave one line blank, indent 4 spaces, and begin first paragraph. 

Q Abstracts should be approximately 200 words. 

[] Give the name and e-mail address of the presenter for contacts at the bottom of paper. 

□ Save abstracts in MS-Word or DOS text format. 

Please submit abstracts through e-mail as attached files, or on 3.5 inch diskettes to: 

Yutaka Mori 

Secretariat of the Organizing Committee 
for the 9 th JIRCAS International Symposium 
Japan International Research Center 
for Agricultural Sciences 
Tsukuba, Ibaraki 305-8686, Japan 
E-mail: sympo9@ml.affrc.go.jp 


5. Deadline: The deadline for receipt of abstracts is August 15, 2002. In case you do not 
receive a confirmation e-mail, please contact the office by telephone or ordinary mail 



9th JIRCAS International Symposium 

“Value-Addition to Agricultural Products” 

-Towards increase of farmers’ income and vitalization of rural economy- 


REGISTRATION FORM 

Please type or print 

NameQ 

( Prof./ Dr. / Mr. / Ms.) First name Middle initial Family name 

AffiliationO 

Address^ 

Phone: Fax: 

E-mail: 


Please check off the sessions you will participate in: 


□ 

Keynote address 

(free of charge) 

October 16 

morning 

□ 

Sessions 1-2 

(free of charge) 

October 16 

afternoon 

□ 

Sessions 3-4 

(free of charge) 

October 17 

frill day 

□ 

Reception 

(5,000yen) 

October 16 

evening 


Note: The Symposium Reception will be held from 6:00 to 8:00 p.m. Wednesday, October 16 , 

in the restaurant Espoir in Epochal Tsukuba. The fee for participation in the reception is ¥5,000, and 
may be paid at the door 

Deadline for receipt of registration : September 30, 2002. 

Please submit this form by fax or E-mail to: 

Yutaka Mori 

Secretariat of the Organizing Committee for the 9 th JIRCAS International Symposium 
Japan International Research Center for Agricultural Sciences 
1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, JAPAN 

Fax: +81-298-38-6342 Tel: +81-298-38-6343 
E-mail: sympo9@ml.affrc.go.jp 



9th J IRC AS International sympojium 


9th JIRCAS International Symposium 

Value-Addition to Agricultural Products 

- Towards increase of farmers’ income and vitalization of rural 

economy - 


Date 

October 16 and 17,2002 

Venue 

Tsukuba International Center:EPOCHAL TSUKUBA 

2-20-3, Takezono, Tsukuba, Ibaraki,305-0032, Japan 

TEL : +81-298-61-0001,Fax:+81-298-61-1209 


Background and Objectives 


Program 


Call for Posters ( Abstract Format etc. , Sample ) 


Registration ( Word , PDF ) 


Reception 

The Symposium Reception will be held from 6:00 to 8:00 p.m. Wednesday, October 16, 
in the restrant Espoir in Epochal Tsukuba. The fee for participation in the reception is 
\5,000 , and may be paid at the door. 

Hotel 

Please see Hotel list. 


Site Map 



Organized by »F Japan International Research Center for Agricultural Science(JIRCAS) 

In Cooperation with »F National Agrcultural Research Organization(NARO), 

National Food Research Institute(NFRI), 

Fisheries Research Agency (FRA), 

P/iAction, 

Food Forum Tsukuba 

Secretariat »F Yutaka Mori, Development Resarch Coordinator 

Japan International Research Center for Agricultural Sciences 
1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, JAPAN 
TEL : +81-298-38-6343 Fax: +81-298-38-6342 
E-mail: sympo9(5)ml.affrc.go.jp 


Japanese 
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9 th JIRCAS International Symposium 

Value-Addition to Agricultural Products 

-Towards increase of farmers*f income and vitalization of rural economy- 


Background and Objectives 


The current world population is about 6 billion and it is anticipated that the population will 
reach 7.5 billion and 8.0 billion by years 2020 and 2030, respectively, according to United 
Nations*f World Population Prospects. Global food production should be increased so as 
to meet the demands of the rapidly increasing population, with the limited water resources 
and arable land. Therefore, the roles of rural areas where agriculture and food industry 
greatly contribute to the production of agricultural produce and products will be more 
important, from the point of food security. Agriculture is still the largest sector of rural 
economies, and a majority of the rural population is engaged in agriculture, in developing 
countries. The incomes of rural people are much lower than the urban ones, and the 
population has been shifting from the rural to the urban areas seeking better incomes and 
convenient daily-life. These trends will lead to the reduction of rural potential as a base for 
food supply and the increase of the poorest in slums in big cities. On the other hand, it is 
difficult for small-scale rural food companies to compete with big companies of the urban 
and developed countries. In considering these facts, we have to make efforts to give rural 
people and enterprises tools to increase their income through value-adding to the 
commodities, in order that they may stay in the rural areas and continue to be engaged in 
agriculture and food production. 

Changes in urban lifestyle as a result of the increased income and the increasing number 
of working women have resulted in increased consumers*fdemand for a more diversified 
diet, for processed and convenience foods and for animal products. When people 
overcome hunger, they become concerned about the quality and safety of what they eat. 
For example, they want to avoid foods with contaminants such as pathogens, mycotoxins 
and pesticides, and prefer foods with physiological functions such as anti-carcinogenicity 
and anti-hypertension. It is important for rural farmers and enterprises to market products 
that meet the demands of urban consumers. 

We dealt with postharvest losses of grains in the 5th JIRCAS Symposium in 1998, and 
then started a research project to reduce postharvest losses of grains in Southeast Asia. It is 
worthwhile to review the demands of urban consumers, the role of rural food industry and 
the related research activities in developing countries. For this purpose, we will invite 
distinguished experts from Japan and overseas, to discuss problems associated with 
ensuring high quality/safety of, and adding value to agricultural produce and products, and 
explore directions for research on these topics in developing countries. 
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9 th JIRCAS International Symposium 

Value-Addition to Agricultural Products 

-Towards increase of farmers*!' income and vitalization of rural economy- 


Program 


Day 1 (Wednesday, October 16) 

Opening Session 
(9:30-10:00) 

Opening address and welcome remarks 

Keynote addresses 

1. Status of postharvest development and the potential future contribution of 
value addition to rural economy (Geoffrey Mrema, FAO) 

(10:00-11:00) 

2. Linking farmers to markets - PhAction Initiative 
(Guy Poulter, Chair of PhAction, NRI, UK) 


Current status of rural economy and measures for increasing farmers*f income 
and vitalization of rural economy 

Session 1 
(11:15-15:20) 

1. China (Li Suoping, CAAS, China) 

2. The Philippines (Nerlita M.Manalili, SEARCA, The Philippines) 

3. Vietnam (Le Van To, Post Harvest Technology Center, Vietnam) 

4. Indonesia (Made S. Mahendra, UNUD, Indonesia) 

5. South Asia (Andrew Hall, CPHP, India) 

6. Latin America (Bernard Ospina, GLAYUCA, Colombia) 

7. Africa (Shaun Ferris, IITA, Uganda) 


System for ensuring high quality and safety 

Session 2 
(15:35-17:55) 

1. Codex standards and food safety (YukikoYamada, NFRI, Japan) 

2. Systems for ensuring production quality and safety for small rural 
agro-enterprises-the way forward (Linda Nicolaides, NRI, UK) 

3. Grain Quality-storage to market (Joseph Rickman, IRRI, The Philippines) 

4. Safety of feed and animal products (Andrew Speedy, FAO, Italy) 

5. Extension of fish pre-rigor state by enhancing mitochondrial ATP synthesis 
(Shugo Watabe, Univ.Tokyo, Japan) 

Day 2 (Thursday, October 17) 


| Research on value-addition and novel utilization 
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Session 3 
(9:00-12:30) 

1. Application of value adding technologies in Thailand (Warunee Varanyanond, 
IFRPD-KU, Thailand) 

2. Adding value of milk and milk products (Jean-Paul Ramet, Ensaia, France) 

3. Present status and problems of traditional fish products in Southeast Asia (Tan 
Sen Min, SEAFDEC, Singapore) 

4. Development of intermediate foodstuff from freshwater fish in China (Wang 

Xi Chang, SFU, China) 

5. Inventory of indigenous plants and minor crops in Thailand based on 
bioactivities (Kazuhiko Nakahara, JIRCAS, Japan) 

6. Functionalities of traditional foods in China (Li Lite, CAU, China) 

7. Functionalities of foods and their utilization in Japan (Makoto Shimidzu, 
Univ.Tokyo, Japan) 

Poster Session 
(12:30-14:30) 


Session 4 
(15:00-16:30) 

General Discussion 

1. What needs to be done to make postharvest research and development serve 
the needs of the poor farmers in their efforts to find markets for their products? 
(Chair: Geoffrey Mrema, FAO) 

2. Changing focus of postharvest research - from postharvest losses towards 
value- addition - —re-evaluation of indigenous products and traditional 
foods(Chair: Tom Hayashi, JIRCAS) 

Closing Address 
(16:30-16:45) 
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Hotel_eng 



OKURA FRONTIER HOTEL TSUKUBA 2-20-1, Takezono 60-7700 

EPOCHAL 


OKURA FRONTIER HOTEL TSUKUBA 2-20-1, Takezono 60-7700 

EPOCHAL 

OKURA FRONTIER HOTEL TSUKUBA l,Azuma 52-1112 

Hotel Gland Shinonome 488-1, Wakui, Onozaki 56-2211 

Gakuen Sakurai Hotel 8-7, Higashiarai 51-3011 

Tsukuba Sky Hotel 283-1, Onozaki 51-0008 

Business Hotel Matsusima 35, Onozaki 56-1191 

Hotel New Takahashi Takezono 2-10-3, Takezono 51-2255 


Rate: Single room with service charge and tax (JPY) 




Taxi 


Chyuo Taxi 

Sato Taxi (head office) 

Sato Taxi (gakuen branch) 
Amakawa Taxi Gakuen Namiki 


2573-126, kamiyokoba 
2014, Yatabe 
177-3, Onozaki 
2010-69, Sasagi 


+81-298 

36-0184 0120-390184 

38-1288 0120-011288 

52-6688 0120-016688 

51-6500 - 
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venue 




Tsukuba International Conference Hall, 
EPOCHAL TSUKUBA 
2-20-3 Takezono, Tsukuba, Ibaragi 
Tel: 81-298-61-0001 
Fax: 81-298-61-1209 

Transportation Guide 
From Tokyo 

1. JR-Ueno Station(Joban 
Line)-JR-Tsuchiura Station(Bus)- 
Epochal Tsukuba (about 60 min) 

2. JR-Tokyo Station, Yaesu South 
Exit-(Joban High Way Bus)-Tsukuba 
Center - (Taxi)- Epochal Tsukuba 
(about 65 min) 

From Narita International Airport 

1. Narita. IAP-(Taxi)-Epochal Tsukuba 
(about 60 min) 

2. Narita.IAP-(Airport Bus)-Tsukuba 
Center-(Taxi)-Epochal Tsukuba 

for further information: 
EPOCHALTSUKUBA 
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—Abstract. 

In this paper, the impact of currency depreciation that took place on July 2, 1997 in Thailand, on 
agriculture especially on prices and production was analyzed by estimating and constructing 
demand-supply models for the main agricultural commodities. As a result, it was found that the most 
favored commodities were upland crops which compete in the world market and for which dollar prices 
are given, and the broiler meat export sector which has a significant market share in Japan, although the 
contraction in the domestic market exceeded the expansion in export. The next favored commodity was 
rice in the rainy season for which few imported input materials are used and the output price depends on 
export. Domestic commodities such as pork and eggs were worst off because of the contraction of the 
domestic market. If we consider the recent economic recession in Thailand, the impact of the factors 
indicated above is amplified, although the increase in the number of migrants from urban to rural areas 
may lead to the decrease in farmers' income per capita. 
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-—Introduction. 

The purpose of this report is to analyze the impact of the currency depreciation that took place on July 2, 
1997 in Thailand on agriculture, especially on prices and production by estimating and constructing 
demand-supply models for the main agricultural commodities. 

In the latter half of 1997, the "Baht", the currency of Thailand, depreciated nearly 100% against the US 
dollar and other major currencies. This is because the Baht had been strongly pegged to the dollar and 
overvalued in spite of continuous inflation and wage hikes in Thailand, and the current account balance 
recorded almost 338 billion Baht which accounted for 8% in the GDP (Fig. 1(34KB)) . 
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There are direct and indirect effects of currency depreciation on agriculture. The direct one is that some 
agricultural commodities gain competitiveness in the world market in spite of the rise in input prices such 
as fertilizer price. The indirect one is through changes in the domestic demand for agricultural products 
caused by the economic recession, especially in the commercial sectors such as real estate development, 
banking and retail companies which do not face international competition. The economic crisis of these 
sectors is caused by the loss of the purchasing power of urban people and increased debt payment of the 
sector accelerated by the currency depreciation. 

Thailand experienced an economic boom after 1987 caused by direct and indirect foreign capital inflow 
with the appreciation of the Japanese "yen". During this period, the Baht was overvalued against the US 
dollar, and the impact was opposite to the recent case. Martin and Warr demonstrated the importance of 
the impact of capital accumulation in the manufacturing sector that reduced the agricultural share in the 
GDP of Thailand3). 

In light of the macroeconomic linkages with agriculture, Schuh was the first to show the importance of 
exchange rates in determining agricultural competitiveness5). Subsequently, McCalla emphasized the 
role of monetary policy that affects agricultural trade through changes in the exchange rates4). Chambers 
and Just developed these concepts into an empirical model, and the importance of real exchange rates 
was verified2). In the case of Japan, Tada pointed out the key role of monetary policy in determining the 
agricultural income of upland crop commodities6). Thraen, Hwang and Larson could not find a clear 
relation between US monetary expansion and soybean exports, where the role of the exchange rate was 
still significant?). For the macroeconomic impact on agriculture in developing countries, Bautista pointed 
out that realistic and competitive real exchange rates in the 1980s promoted the growth of the agricultural 
sector 1). 

—Method. 

In the context of introductory economics that assumes a "small country" case, industries of tradable 
goods become better off through the depreciation of currency. In the case of Thailand, however, exported 
rice has a significant market share in the world and the assumption of "small country" can not be applied. 
Additionally Thai broiler meat competes with US, Chinese and Brazilian products in the Japanese 
market, and each share is substantial. This means that the balance between the positive influence of the 
improvement in price competitiveness and the negative effect of the rise in input prices is important to 
evaluate the impact of the depreciated Baht. Therefore, we constructed an econometric model of Thai 
agriculture comprising rice, wheat, maize, sugarcane, cassava, broiler, pork and egg commodities, where 
the sub-models of US rice and Japanese broiler meat were also included. 

After constructing the model, we compared the results of simulations as of 1995/96 under the actual 
exchange rate which was 26 BT/$ in 1996 and the alternative 40 BT/$, which was stable as of April 1998 
and corresponds to the Purchasing Power Parity exchange rate. The period of simulation ranged from 
1989/90 to 95/96, because it takes several years for planted areas and prices to be adjusted to new 
economic conditions. Therefore, the differences in the simulated results under the alternative conditions 
of exchange rates demonstrate the long-term impact when the exchange rate changes from 26 to 40 BT/$ 
under conditions where other exogenous variables such as GDP and dollar prices of fertilizer and feed 
remain constant. 
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—Framework of the model. 

The model is composed of 8 sub-models for rice, wheat, maize, cassava, sugarcane, broiler meat, pork 
meat and eggs, and these commodities account for nearly 60% of the value of the agricultural production. 
The model also includes the agricultural labor supply reflecting the subsistence characteristic of rice 
farming. Exchange rate, national income, population, CIF prices of fertilizer and feed given in dollar are 
the important exogenous variables influencing agriculture (Fig. 2(65KB)) . 

The rice model shows the following characteristics: price, production, consumption and trade depend on 
each other, where Thailand and USA are main players. FOB price for Thai rice is determined by the 
export of Thailand, by the aggregated export of USA and Australia, by the aggregated export of Vietnam, 
India, Myanmar and Pakistan, by the import of Japan, by the aggregated import of China, Indonesia and 
Iran, by the inflation ratio, implying that the demand for assets shifts from monetary to real assets during 
the period of inflation. The FOB price is transmitted into the wholesale price, thereby into retail and farm 
gate prices. Since it takes several years for the FOB price to be transmitted, we adopted partial 
adjustment lags for equations of wholesale, retail and farm gate price determinations. Production is 
defined as the planted area multiplied by yield, and the export is defined as productiondomestic 
consumption-change in ending stock, where ending stock is an exogenous variable. 

Supply of small livestock such as broilers, pigs and hen layers can respond to price changes quickly, 
because Thailand imports parent stock from the USA and European countries. Therefore, we assume 
horizontal supply curves for them, implying that they are produced under a constant return to scale. The 
prices depend on the price of feed which is the main component of the cost of production. In the broiler 
meat sector, the demand is represented by the aggregation of domestic and foreign market, where the 
Japanese market is the most important. The import of Japan from Thailand depends on the Japanese 
demand and the relative price of Thai to US and Chinese products. 

Demand for maize is derived from livestock production, and the difference between production and 
domestic consumption is exported or imported. The price is transmitted into the domestic market through 
the exchange rate from USA Chicago market. Broken rice is also a major component of feed, and the 
price is determined based on wholesale prices of maize and rice. 

For the cassava and sugarcane commodities, the raw outputs are processed into various kinds of final 
goods, and it is difficult to estimate the domestic consumption. Therefore, we built models for 
forecasting price and production. Yields are exogenous, because the yield functions estimated did not fit 
well. Domestic markets for these products are not linked to the world market perfectly, and the domestic 
prices are influenced by domestic production as well as world prices. 

In estimating supply functions composed of planted area and yield functions and demand functions, we 
adopted single equation regressions such as OLS and ridge regressions rather than system estimations. In 
addition, the planted area and price in the previous year were selected in the explanatory variables of the 
planted area functions, where these two variables are components of the partial adjustment lag and 
adaptive price expectation. In all the equations, prices are deflated by the CPI of the country. 

The reasons for this approach are as follows: (a) the presence of significant differences in profitability 
and labor productivity among industries and the fact that optimum conditions such as profit 
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maximization and zero profit are not satisfied in the Thai economy, (b) the problem of data accuracy in 
using sophisticated estimating methods such as the seemingly unrelated regression (SUR), and (c) 
existing equations estimated by single equation regressions that can be readily replaced by new equations 
when data are updated. 


li^ lFstimated impact of depreciation 
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—Estimated impact of depreciation- 


The explanation below shows the difference in endogenous variables when the exchange rate changes 
from 26 to 40 BT/$. Table 1 (80KB) presents a summary of the impact. Since the simulation was 
conducted during the 6-year period after 1989/90, the estimated impact of the devaluation is considered 
to be a long-term one. In the short-term, the rise in prices of imported materials such as fertilizer and feed 
may not be fully transmitted to the domestic prices, or farmers change their planted area gradually, and 
as a result the impact will be less appreciable than the impact in the long-term. 

1 )Rice 

Planted area and yield decrease by 4.4 and 2.6%, respectively, because the impact of the rise in fertilizer 
price exceeds that of the rise in rice price. In total, production decreases by 7.0%. Domestic consumption 
increases by 1.8% in spite of the 8.8% rise in retail price, because substitutive foods such as meats and 
wheat products become expensive relative to rice. 

Farm gate price rises by 9.8%. One reason is the leftward shift of the supply curve (=cost push), and the 
other is the increase in the domestic and foreign demand for Thai rice due to the decrease in US 
production that responds to the fall in the dollar rice price. 

Consequently, the gross revenue of farmers from rice production increases slightly, and farmers' income 
increases especially from the main crop (rainy season). This is because the cost of imported inputs in the 
total cost accounts for 10-12% for the main crop and 16-23% for the second crop, respectively. 

Therefore, production cost per unit increases by 5.0-7.0%, and is slightly lower than the price rise for the 
main crop. 

2) Maize 

Wholesale price and farm gate price rise by 49.0 and 40.0%, respectively due to the depreciation. For the 
supply side, planted area remains almost constant because of the substitution between maize, cassava and 
sugarcane. Yield and production increase by 15.5% due to the rise in output price, which means that 
more intensive production is promoted. Consequently, farmers' gross revenue increases by 65.5%. The 
cost of imported inputs accounts for about 10% (max. 25%) of the total cost, and the production cost per 
unit of maize is estimated to increased by 5.4% (max. 13.5%). Therefore, farmers' income from maize 
production increases significantly. 

For the demand side, the use of maize is discouraged because of the contraction of livestock production. 
Thus, domestic consumption decreases by 18.0% and the export increases by 1,470,000 ton. Therefore, 
Thailand becomes a net exporter of maize again, and exports nearly 510,000 ton. For this estimation, it 
must be noted that the climatic conditions of the northeastern area of Thailand have become unsuitable 
for maize production, and that the expansion of production seems impossible. If this interpretation is 
correct, the production of other upland crops and perennial crops such as sugarcane, cassava, and kenaf is 
likely to increase. 

3) Broiler 

Feed price and retail price rise by 22.1 and 16.1%, respectively, and domestic consumption decreases by 
16.0%. However, Thai broiler meat recovers its price competitiveness in the Japanese market, although it 
becomes expensive in the domestic market. Thus, the export to Japan increases by 20.0%. Under the 
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assumption that exports to countries other than Japan remain constant, the total export increases by 
16.1% and the total demand for broiler and the production decline by 8.9%. 

4) Pork and eggs 

Feed prices for producing pork and eggs rise by 21.9 and 13.1%, respectively. Consequently, farm gate 
price and retail price increase as well. As a result, domestic consumption and production of pork and 
eggs decrease by 2.7 and 5.3%, respectively. 

5) Cassava and sugarcane 

Farm gate prices for these commodities rise by 40.0 and 48.1%, respectively. However, planted areas 
remain constant because of the substitution between these commodities, maize and other upland crops. 
Since the yield functions could not be estimated for these commodities, the yields are assumed to be 
constant in the simulation, although they are considered to respond to the prices of products and 
fertilizer. Thus, gross revenue exceeds price increase. 

—Economic growth and prospects for agriculture. 

The drastic depreciation of the exchange rate which occurred in 1997 had 2 effects: (a) agricultural 
products recovered their price competitiveness, and (b) the cost of production increased, especially for 
the commodities for which imported materials are intensively used. These effects offset each other, and 
the effect of the former was dominant for the commodity which competes internationally. 

According to the results of simulation, the most favored commodities are upland crops such as maize, 
cassava and sugarcane for which world dollar prices are given, and broiler meat for export. The next 
favored commodity is rice in the rainy season. On the other hand, pork and egg commodities which are 
domestically consumed, are worst off because of the contraction of the domestic market. 

The current balance account of Thailand has improved remarkably and been in the black since the end of 
1997, implying that the international competitiveness of exporting industries has recovered substantially. 
Therefore, the predictions of our econometric model seem to be qualitatively satisfactory, although they 
should be revised by updating the data. 

The analysis above is limited to the impact of the currency depreciation, and does not include the impact 
of economic growth. The recent economic recession in Thailand is very severe, and the economic growth 
rate is forecasted to be -3.0 to -8.0% for the year 1998. If this situation continues for some years, the 
impact may become very significant both on the demand and supply of agriculture, though it is not 
significant in only one year. 

The persistent economic recession affects agriculture as follows. Demand for livestock products and 
maize decreases, while the demand for rice increases under the negative economic growth. The 
production of livestock shrinks and exports of upland crops expand due to the changes in the demand 
side. If the economic growth rate recovers to a 3.0% value or higher, our model shows that the situation 
after the depreciation will return to that before the depreciation in some years. However, under the 
assumption that the growth rate remains at less than 1% even after 1999, similar situation of agriculture 
is forecasted to continue. 

These effects of the economic recession amplify the impact of devaluation. However, if the economic 
recession continues for many years, many laborers in the urban sector will migrate to rural areas. Under 
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this scenario, labor migration may reduce the agricultural income per capita. 

Finally, there are 2 alternative strategies for the recovery of the Thai economy: (1) to promote the 
introduction of advanced technology and enhance the industrial structure through the improvement of 
human capital, thereby discontinuing the export-oriented growth depending on assembly plants such as 
current automobile industries, and (2) to enhance the domestic industrial linkages, thereby expanding the 
labor-intensive industries that are less dependent on foreign capital and technology. 


For the development of agriculture in Thailand, the latter alternative is preferable whereby the currency 
weakens and the export of agricultural and processed products is promoted. Consequently, the 
opportunities for employment in the rural areas are also expanded. 
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Table 1. Estimated impact of the depreciation on agriculture 
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Fig.2. Structure of the econometric model of Thai agriculture 
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—Abstract. 

The stable carbon and nitrogen isotope ratios of mangrove leaves, particulate organic matter (POM), shrimps and crabs, squids and fishes were 
studied for tracing the actual food web structure in the Matang mangrove brackish water ecosystems. Carbon isotope ratio of POM showed a 
positive correlation with the level of salinity, suggesting that POM around the mouth to mudflat areas of the river may consist of 
phytoplankton-derived detritus from the sea, whereas POM from mid- to upstream areas of the river may consist of mangrove-derived detritus. 
' 13 C-' 15 N map showed a C-N isotope ratio gradient with the lowest value with mean (+SD) of ' 13 C (-28.74+0.03 l%d) and' l5 N (4.36+0.15%c) 
for a mangrove leaf (Rhizophora apiculata), the highest value of' 13 C (-20.45+0.026 %o) for a squid (Loligo duvaucelii) and of' 15 N 
(13.63+0.021 %o) for a fish (Stolephorus commersonii). Penaeid shrimps (Penaeus merguiensis, Metapenaeus brevicomis and M. ensis) and 
mangrove crabs (Scylla serrata ) showed intermediate C-N values between those of mangrove leaves and fish/squid. 

Discipline: Fisheries resources 

Additional key words: mangrove litter, food-chain, energy flow 
® 1...18): References 

—Introduction. 

Brackish waters form where sea water and freshwater mix, usually within regions characterized by flat topography stretching between rivers 
and seas. In tropical and subtropical areas, brackish water coastlines often play host to mangrove forests, which serve as nursery grounds for 
fish and prawns while playing critical roles in protecting coasts from the threat of hurricanes and erosion. Humans also utilize mangrove trees 
for fuel, charcoal, chips, timber and medicinal products. 

Matang Mangrove Forest Reserve in Perak State, reputed to be the world's best managed forest. This reserve consisting of some 40,711 
hectares of mainly Rhizophora apiculata mangroves situated on the north-western coast of Peninsular Malaysia. It is the largest tract of 
mangrove forest in Peninsular Malaysia and has been under sustainable yield management since the early century, consisting of many islands 
and adjacent numerous waterways (rivers, channels, inlets and streams). Among of those waterways, Selinsing river (Sungai Selinsing in Malay 
language) is the most undisturbed river, and Sangga river (Sungai Sangga) is a main ships course of otter-trawlers and particularly in around the 
mouth area of the river, a Chinese fishing village and many rafts for cage culture of finfish (mainly giant sea-bass and mangrove snapper) have 
been engaged. We collected samples from above 2 rivers in Matang, and tried to analyze the trophic relations in mangrove brackish water 
ecosystems. 

Measurements of natural 13 C/ 12 C and l5 N/ l4 N isotope ratios are useful for determining sources of nutrition for consumers and trophic 
relationships among organisms and have often been used in studies of lake, river and marine food webs2, 4,6,11,14,16-18). It is generally 
recognized that ' 13 C measurements primarily indicate the main sources of carbon for consumers, and ' 15 N values indicate the trophic distance 
of consumers from the food base5). The simultaneous use of ' 13 C and ' 15 N values therefore enables to analyze the trophic relationships in food 
webs3). 

Measurements of' 13 C and ' 15 N values in mangrove brackish water ecosystems have been carried out by many researchersl,3,7-10,12,13,15) 
who reported the presence of a' 13 C gradient at the higher trophic levels. 
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—Materials and methods. 

1) Sampling and processing 

Samples for isotope analysis were collected from Sungai Selinsing and Sangga Matang, November 1996 and February 1997 (Fig. 1(105KB)) . 
Five species of shrimps, 4 mangrove crabs and 8 squids with different body sizes, and 7 species of fishes were collected from Sungai Selinsing. 
Leaves from 2 species of mangrove and 7 bottles of surface water for the isotope analysis of particulate organic matter at different stations from 
mouth/mudflat to upstream areas of the river were also sampled from Sungai Sangga (Table 1(114KB)). The length and weight were measured 
for each sample, then fat/gut were removed and gut contents were investigated in fish samples. Thereafter, each sample was dried at 60 for 
about half to one day. At least 4 whole individuals of fish and shrimp were pooled and muscle tissues were carefully excised from each 
specimen with a clean scalpel, and only muscle tissue was used for isotope analysis. Particulate organic carbon (POC) samples were collected 
with precombusted (450) Whatman GF/F glass-fiber filters and dried at 60. In each analysis, dried samples were pretreated with concentrated 
hydrochloric acid (HC1) for removing carbonates since carbonates are known to interfere with C signatures. Dry animal tissues, particulate 
organic matter and leaf tissues were ground to a fine powder using a mortar and pestle, then subjected to combustion. 

2) Isotope analysis 

The organic matters were converted into C0 2 and N 2 gases with the sealed quartz tube combustion method5). C0 2 and N 2 gases were separated 
and purified cryogenically with liquid nitrogen and dry ice ethanol slush. Purified gases were introduced into isotope ratio mass spectrometer 
(Finnigan Mat, MAT 252). A graphite reference material was used as a standard for carbon isotope ratio measurements. 13 C values are 
expressed relative to the VPDB (Vienna Peedee Belemnite) standard. High purity tank nitrogen gas was used as a working standard for the 
nitrogen isotope ratio measurements. This working standard was calibrated against Nj and N 2 ammonium sulfate. 15 N values are reported 
relative to nitrogen in air. Stable carbon and nitrogen isotope ratios are represented by the following 'values: 

'13C , ' l5 N (0/00)=[{R sample / R standard }- 1] x 1,000, where R= I3 C/ I2 C or '5N/> 4 N. 

—Results and discussion. 

Carbon isotope ratio of POM showed a positive correlation with the level of salinity (n=7, p<0.05) (Fig. 2(49KB)). Carbon isotope ratio of POM 
without 2 stations (Sts. 7 and 8 in Fig. 1) also showed a positive correlation with the total carbon content (n=5, p<0.05) (Fig. 3(49KB)), 
suggesting that an area with higher salinity contains a higher total carbon content with a higher POM' 13 C. The content of phytoplankton carbon 
calculated from chlorophyll-a was almost stable (about 15-25% of total carbon), regardless of the POM' 13 C level (Fig. 4(49KB)). These 
findings indicate that the phytoplankton-derived carbon contains about 15-25% of total carbon, and major parts of remaining carbon may 
consist of detritus carbon throughout the river to the estuary of Sungai Sangga. In other words, the results shown in Figs. 2-4 suggesting that the 
POM around the mouth to mudflat areas of the river (higher POM ' 13 C) may consist of phytoplankton-derived detritus from the sea, whereas 
POM from mid- to upstream areas of the river (lower POM ' 13 C areas) may consist of mangrove-derived detritus. ' 13 C and' 15 N of mangrove 
leaves showed the lowest values without a range of POM ' 13 C in Sungai Sangga. 

While in Sungai Selinsing, squid showed the highest value of ' 13 C and tropical anchovy ( Stolephorus commersonii) showed the highest value 
of' 15 N (Table 1 ). ' I3 C-' I5 N map showed that there was a C-N isotope ratio gradient from the Matang mangrove brackish water ecosystem with 
the lowest value with mean (SD) of ' 13 C (-28.74 x 0.031_) and' 15 N (4.36 x 0.15_) for a mangrove leaf ( Rhizophora apiculata), the highest 
value of' 13 C (-20.45 x 0.026_) for a squid ( Loligo duvaucelii ) and of' 15 N (13.63 x 0.021_) for a fish ( S. commersonii). Except for one fish, 
Anodontostoma chacunda, all fishes showed higher' 15 N values suggesting with a higer trophic level. Penaeid shrimps (Penaeus merguiensis, 
Metapenaeus brevicornis and M. ensis) and mangrove crab ( Scylla serrata) showed on intermediate C-N value between those of mangrove 
leaves and fish/squid. The range of the' 13 C values for POM in Sungai Sangga overlapped the' 13 C signal range for fishes, squids, shrimps and 
crabs in Sungai Selinsing (Fig. 5(47KB)). Thus a clear C-N isotope ratio gradient in the Matang mangrove brackish water ecosystem could be 
detected. 

Natural Environment Research Center7), which conducted the isotope studies of mangrove leaves, land and aquatic animals, mangrove and 
marine mud sediments collected in the northern portion (around Kuala Gula area) of the Matang mangrove ecosystem during the period 
1992-1994, concluded the following: (1) there is a mangrove leaf-based organic matter flux in the water, running into the sea through the river, 
(2) some of the organic materials accumulated in the mud sediment and were utilized by mangrove/aquatic mollusks, and (3) fishes showed the 
highest values of ' 13 C and ' 15 N, and also a clear C-N isotope ratio gradient from mangrove leaves up to fishes in the Matang mangrove 
brackish water ecosystem (Fig. 6(28KB)). 

The present results also suggest that there is a food pathway from the mangrove leaf-based detritus to carnivorous fishes and squids through 
herbivorous shrimps and crabs. 
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Fig.l. 

Sampling stations for stable isotope analysis in Sungai Selinsign and Sangga Besar, Matang 



http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/hayase/fig1.htm [10/7/2002 10:41:41 PM] 


















http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/hayase/table1.htm [10/7/2002 10:41:46 PM] 






















Salinity 


Fig-2. 

Plot of carbon isotope ratio of particulate organic matter 
(POM) against the salinity a teach sampling in Sangga 
Besar, Matang 
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Fig-3. 

Plot of carbon isotope ratio of POM against total carbon 
content at each sampling station in Sangga Besar, Matang 
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Fig.4. 

Plot of carbon isotope ratio of POM against chlorophyll-a 
carbon content(total carbon basis) at the sampling station 
of Sangga Besar, Matang 
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'13C-'15N map of mangrove leaves, animals and POM in the Matang mangrove brackish water ecosystem 
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http://ss.jircas.affrc.go.jp/engpage/jarq/33-3/hayase/fig5.htm [10/7/2002 10:41:53 PM] 




















'13C-'15N plot and schematic map in the Matang (Sg. Gula) mangrove brackish water ecosystem (from 
Natural Environment Research Center7)) 
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